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Executive Summary 

What’s the 
problem?  

Recent studies indicate that ephemeral gully erosion may be a significant form 
of erosion and source of sediment on cropland in the U.S. (averaging around 
40% of the sediment delivered to the edge of the field in some documented 
studies).  

Don’t we 
already measure 
or account for 
ephemeral gully 
erosion now?  

No. No field tools are available, only ad hoc modifications of watershed 
models. NRCS has developed support practices for sheet and rill erosion that 
are also applied to treat ephemeral gully erosion, but technology and tools do 
not exist to account for the benefits and effects of these practices on soil and 
water quality by treating ephemeral gullies.  Practices specifically developed to 
treat ephemeral gully erosion need further testing, including when used in 
conjunction with sheet and rill erosion control practices.  

What happens if 
we don’t 
measure or 
account for 
ephemeral gully 
erosion?  

The Agency cannot take full credit for the benefits and effects of conservation 
practices on soil and water quality.  The Agency will lose credibility as the 
premier agency that has historically been the authority in the prediction and 
control of soil erosion, because we ostensibly neglected a very significant 
source of erosion. Subjective observations will continue to be used to satisfy 
quality criteria in lieu of scientifically defensible, quantitative methods. Non-
scientific methods for accounting for and treating ephemeral gully erosion will 
be used, such as applying a simple multiplier factor to sheet and rill erosion 
predicted by RUSLE2 or WEPP.  

Impact on field 
staff?  

Intent is to minimize additional work required in conservation planning and 
reporting. The vision is that the field staff would continue to use a tool such as 
RUSLE2 or WEPP and, if funded, will include an ephemeral gully erosion 
component, driven from essentially the same field data already collected. Field 
planners would be able to account for the effects of treatments in the PRS.  

Actions needed?  

The team that produced this paper was tasked to assess the national scope of 
ephemeral gully erosion using existing data from NRI, CEAP, PRS, national 
surveys and watershed studies.  This paper and results are intended to provide 
direction for the development of ephemeral gully technology and its inclusion 
into NRCS tools and models. NRCS needs to emphasize to ARS the need to 
expedite ephemeral gully erosion research that will result in technology that 
NRCS will include in field and watershed models.  

Resources 
needed?  

Resources are needed to incorporate ephemeral gully erosion prediction and 
treatment technology into RUSLE2 or WEPP, watershed models, national 
assessment procedures such as NRI, and CEAP national and watershed 
assessment studies. At targeted locations, NRCS field office staff will be needed 
to collaborate with ARS in collecting supplemental ephemeral gully erosion 
data sets for use in tool development and calibration. Additional funding will be 
needed to conduct research on selected watersheds for characterizing ephemeral 
gully erosion sites, and for developing and testing conservation practices 
specifically designed for ephemeral gully erosion control. 
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Ephemeral Gully Erosion--  
A National Resource Concern  

Recommendations for the Development of Technology and Tools for 
Prediction and Treatment of Ephemeral Gully Erosion 

Problem Statement  
The Natural Resources Conservation Service (NRCS) (formerly the Soil Conservation Service and 
initially the Soil Erosion Service) has been the authority on erosion prediction and control since the Dust 
Bowl days.  For 70 years, the NRCS has assisted private land users to protect land from excessive 
erosion.  Many types of erosion processes degrade soil, air, and water quality, including irrigation-
induced erosion, ephemeral gully erosion, classical gully erosion, streambank and bed erosion, tillage 
translocation erosion, wind erosion, and sheet and rill erosion. 
 
NRCS currently focuses primarily on sheet and rill erosion to set conservation planning goals and 
for measuring, predicting, assessing, and reporting water erosion control.  The NRI (National 
Resources Inventory) tracks the status and trends of sheet and rill erosion.  Concentrated flow paths 
(where ephemeral gullies may recur) are also recorded.  Reductions in sheet and rill erosion are reported 
in the PRS (Progress Reporting System), and conservation treatment needs for water erosion control are 
typically expressed in terms of sheet and rill erosion rates. 
 
Recent studies show that ephemeral gully formation is very common on cropland, especially in 
conventional tillage systems without support practices.  See Appendix A1, Cheney Lake Watershed 
Study, a CEAP (Conservation Effects Assessment Project) Special Emphasis Watershed.  Ephemeral 
gully erosion is believed to be as significant as sheet and rill erosion in terms of sediment delivered from 
cropland acres to streams, rivers, and lakes. Some studies have found that ephemeral gully erosion 
contributes about 40% of the watershed sediment yield. Sediment delivery from farm fields from all 
erosion sources is also much higher when ephemeral gullies are present.  Research on the extent of 
contributions from all erosion sources to in-stream sediment loads is sparse.  Few models account for and 
specifically predict ephemeral gully erosion.  Although the NRI reports an estimated 42% reduction in 
sheet and rill erosion over the past 20 years, sediment loads in major rivers remain at high levels, 
prompting the U.S. Environmental Protection Agency (USEPA) to continue to rank sediment as the 
predominant cause of non-point source pollution in the country. The reason for this is intuitive:  not all 
sources of sediment are being controlled and accounted for, including concentrated flow sources and 
especially ephemeral gully erosion. 
 
Accounting for ephemeral gully erosion is a critical problem for the Agency.  Ephemeral gully erosion 
may be addressed in conservation plans with practices such as grassed waterways, terraces, vegetative 
barriers, etc.  Various structures may also be included in conservation plans to control ephemeral gully 
erosion. However, the amount of soil saved as a result of applying conservation practices to control 
ephemeral gully erosion is not measured:  the Agency does not have a tool to predict and quantify 
ephemeral gully erosion, including the potential for nonstructural practices to control the erosion.  
Unlike sheet and rill erosion, which occurs as a result of the impact of raindrops and water flowing on the 
soil surface, ephemeral gully erosion occurs as a result of concentrated flow of surface runoff along a 
defined channel, and also by subsurface flow by seepage and flow through preferential pathways.  
Erosion in these channels is not predicted by RUSLE2 (the Revised Universal Soil Loss Equation version 
2), and therefore is not accounted for in current soil loss assessments.  No systematic way exists to 
determine the extent of the ephemeral gully erosion problems on a field, watershed, or national basis, or 
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to predict the recurring or new locations of ephemeral gullies prior to their development. 
 
One of the Agency’s goals in the NRCS strategic plan is: 

By 2010, potential sediment delivery from agricultural 
operations will be reduced by 70 million tons. 

However, current technology cannot verify nor report such progress in a scientifically defensible manner. 
Therefore, gains in controlling ephemeral gully erosion, ancillary water quality effects, and 
controlling the sediment derived from this source cannot now be counted toward attaining this goal. 

Recommended Actions 

Short Term 
1. A definitive memo is needed from the NRCS Deputy Chief for Technology to ARS Deputy 

Administrator for Natural Resources and Sustainable Agricultural Systems to formalize 
ephemeral gully erosion research needs and technology development, including 
a. Completing or updating ephemeral gully erosion literature review 
b. Engaging business advisory groups for the NRCS’ Conservation Engineering Division 

(CED) and Ecological Sciences Division (ESD) 
c. Engaging the National Conservation Delivery Streamlining Initiative. 

Long Term 
1. An ephemeral gully erosion component needs to be developed and implemented for NRCS 

field use. 
a. WEPP (Water Erosion Prediction Project), including an ephemeral gully component, 

needs to be developed and implemented (including a GIS-type tool). 
b. An alternative is to implement an ephemeral gully calculator in RUSLE2. 
c. WEPP, RUSLE2, and AGNPS (AGricultural Non-Point Source Pollution Model) and 

other modeling teams must be involved in the development. 

2. Field conservation tool technology needs to be integrated into the watershed scale tool 
development process [improve AnnAGNPS (the Annualized AGNPS model) and other 
watershed models]. 

3. Tool(s) must be modular [OMS (Object Modeling System), SOA (Service Oriented 
Architecture), etc.]. 
a. NRCS needs to develop the front-end for the intended field users. 
b. A plan of work needs to be developed by NRCS/ARS in order to enable development of 

the needed tools. 
c. An improved ephemeral gully erosion “object” or model needs to be developed to 

calculate erosion where sheet and rill erosion ends, and where the concentrated flow zone 
begins. 

4. Specific data bases need to be developed for model development and testing.  NRCS needs to 
partner with the ARS-National Sedimentation Laboratory (NSL) to develop a data base on 
soil properties, topography, climate, and land use factors associated with ephemeral gully 
erosion, based on research pertaining to the associated processes. 

5. Funding is needed for research, development, and testing of conservation practices 
specifically designed for ephemeral gully erosion control, including the integrated system 
effects when combined with sheet and rill erosion control practices. 
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Definition of Ephemeral Gully Erosion: 

Description and Classification of Ephemeral Gullies According to Processes of 
Formation  

Ephemeral gullies are defined as small channels eroded by 
concentrated flow that can be easily filled by normal tillage, only to 
reform again in the same location by additional runoff events (Soil 
Science Society of America, 2008). 

 
Soil erosion by water occurs if the combined power of rainfall energy and overland flow exceeds the 
resistance of soil to detachment. The form of soil erosion may be viewed as a continuum of scales, not 
necessarily continuous, but in some cases evolving from one to the other, ranging from interrill and rill to 
gully. Interrill erosion is the removal of a fairly uniform layer of soil by splash due to raindrop impact and 
by sheet flow. Rill erosion occurs on sloping fields in which numerous and randomly occurring small 
channels of only several centimeters in depth are formed, and gully erosion is caused by concentrated 
overland flow or sub-surface flow of water during and immediately following heavy rains (Soil Science 
Society of America, 2008). Here, the focus is on gully erosion and specifically the processes of formation 
for a particular subset of gully erosion features known as ephemeral gullies. 
 
Gullies may form in existing channels (valley-floor) or where no previous channel drainage (valley-side) 
existed. Typically, gullies are a result of the breakdown of equilibrium between the eroding force exerted 
by concentrated flowing water and the resistance of the earth materials in which it is flowing, caused by 
either (1) an increase in erosional forces (related to a concentration of flow, constriction of flow, an 
increase in discharge, or decrease in sediment load) or (2) decreased erosional resistance (related to a 
decrease in cover or some surface disturbance causing decreased cohesion). A gully is a much more 
complicated system as its evolution is controlled by water erosion at the gully head and bed, which 
triggers gravitational mass-movement on gully sidewalls. Historically, studies have focused on growth 
and formation, relative sediment production, and drainage network development. Variables of importance 
in these studies included:  time; drainage area; surface/subsurface runoff sources and quantities; surface 
slopes, shapes and lengths; rainfall intensity, duration and frequency; grain size distribution; soil 
permeability; soil structure and percent organic matter; cropping and land management history; and soil 
erodibility. 
 
Ephemeral gullies are defined as small channels eroded by concentrated flow that can be easily filled by 
normal tillage, only to reform again in the same location by additional runoff events (Soil Science Society 
of America, 2008). These erosion features are often neglected due to the complex problems associated 
with predicting the timing of their appearance and position on the landscape. Their complex genesis 
usually involves an inter-relationship between: (1) the volume, velocity and type of runoff; (2) the 
susceptibility of the materials to erosion; and (3) changes in cover caused by land use and conservation 
practices. Development is associated with concentrated surface or subsurface flow, generally attributed to 
topographic variations, soil stratigraphy, tillage marks, or random irregularities affecting flow patterns. 
 
The most obvious mechanisms of headward gully erosion caused by surface runoff are those associated 
with waterfalls—same mechanisms but on a much smaller scale. The energy of the falling water hitting 
the soil breaks the soil particles loose and carries them away. This action is most effective when the 
waterfall hits a bench or slope. If the waterfall is clear of the headwall, its energy is spent digging the 
plunge pool and in turbulence within the pool. Generally, the greater the flow, the further the plunge pool 
tends to be centered away from the headwall. Waterfalls in ephemeral gullies are normally very subtle 
features in terms of size.  Plunge pool turbulence is an important mechanism of erosion in ephemeral 
gullies, though, due to the fact that a plunge pool forms in contact with the toe and undermines the 
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headwall. Undercutting of the headwall occurs if the plunging water is diverted back against the headwall. 
In the early and waning stages of overland flow events, water flowing over the gully head, in contact with 
the headwall, causes erosion as water is preferentially drawn into the soil, and then wetted material breaks 
off from the drier material underneath. 
 
Other mechanisms of ephemeral gully erosion include headwall and sidewall collapse under gravity. Wet 
soil material is heavier and often weaker than when dry. If tension cracks are present, hydrostatic 
pressures caused by water filling the cracks may cause the block to fall away. Key to this failure 
mechanism is a steepened headwall; otherwise, the gully head would become stable. Conversely, a 
waterfall without collapse mechanisms would also become stable. Downstream gully sidewalls are 
susceptible to this mechanism following events as the sidewall becomes saturated up to the water level in 
the gully, then the saturated portion collapses to the flood line undermining the sidewall. Typically, this is 
the erosion mechanism for clay soils subject to extensive cracking during summer months. 
 
Tension cracks also provide pathways for rapid infiltration adjacent to gully sidewalls, causing seepage 
erosion of gully walls.  Seepage erosion is an erosion process typically involved in gully formation and 
widening in which subsurface flow exiting the soil (exfiltration) transports soil particles entrained in the 
seepage water. This mechanism typically occurs where water flows through a layer of loose grains, often 
due to perching of water above a water-restricting layer, and washes soil out of the permeable layer 
above. Proximity of the eroding layer to the gully wall or head is critical. Seepage erosion undercuts the 
gully wall or head and results in sapping or mass wasting of the gully.  
 
Subsurface flow can also affect the initiation of ephemeral gully development on hillslopes. It is not clear 
under what conditions exfiltration of seepage can be sufficient to entrain particles and directly cause gully 
development (Huang et al., 1999; Zheng et al., 2000). However, exfiltration at the surface of hillslopes 
can increase the rate of surface runoff and also affects the surface soil erodibility. The removal of 
negative soil pore-water pressures by seepage reduces the soil shear strength and increases susceptibility 
to erosion. In less permeable materials, subsurface flow may be confined to preferential flow paths such 
as structural features or macropores (cracks, and inter-aggregate pores) and biological features (root-holes 
and animal burrows). Preferential flow erodes the inner walls of these passageways until tunnel collapse 
forms an ephemeral gully at a mature stage of development (Faulkner, 2006).  Ephemeral gullies formed 
by pipe flow erosion, which have been filled in by tillage, contain a pre-existing soil pipe at the gully 
head. Such a soil pipe can facilitate the sudden reestablishment of the gully at the same location due to 
pressure buildups within the filled-in material during rain events (Wilson et al., 2008). 
 
Most gully heads are a combination of different mechanisms--each acting under different conditions, 
sometimes at different times of the year, and at different rates. Scouring is mostly caused by rainfall on 
bare ground. These conditions also cause rapid headward erosion, but the greatest hazard is a prolonged 
wet period, during which time the ground is almost continually saturated. This results in seepage that 
causes sapping and tunneling, and also weakens the ground, favoring collapse. The development of 
tension and desiccation cracks occurs between storms and depends on headwall height, soil properties, 
and the length of the drying period. When tension cracks are present, only a small amount of runoff is 
needed to cause large hydrostatic pressures and failure of the headwall. 
 
Within the literature, several conclusions may be drawn concerning gully erosion: 

• Gully erosion results not only from surface flow but also from subsurface flow. At this time, 
there is no complete understanding of the interaction between these mechanisms. Future 
research priorities should include subsurface flow erosion processes and prediction technology. 

• Under many circumstances, gully erosion is the main source of sediment at the catchment or 
watershed scale. Unlike interrill and rill erosion, gully erosion is often an extension of the 
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drainage network, connecting field ditches and streams which carry eroded sediment 
downstream, often leading to water quality and sedimentation issues. 

• Research must include cost/benefit comparisons and incentive packages to protect natural 
resources, as well as to assist the farmer in securing a profitable harvest while adopting 
conservation measures. 

• A research network should be established to verify the current state of gully erosion and 
actively monitor, initially through small pilot studies, gully erosion at multiple scales so that 
guidelines concerning prevention, protection, and rehabilitation may be scientifically 
defensible. 

 
In summary, erosion is the detachment and movement of soil by water, wind, ice, tillage, or gravity. The 
processes of erosion in gullies are due to:  

• Hydraulic shear by overland flow on the rim and on the vertical sidewalls,  

• The impact of splash from the plunge pool at the foot of the headwall and the vortex erosion in 
the pool, 

• Mass wasting of the walls due to the development of tension and desiccation cracks, 

• Seepage erosion, and  

• Pipe flow erosion by tunnel collapse and reestablishment of ephemeral gullies.  
 
Controlling soil erosion and ephemeral gully erosion is therefore a matter of controlling these erosion 
processes through management of land use, runoff, cover conditions, and soil erodibility. 

Literature search and review 

Introduction 
The National Agricultural Library (NAL) conducted a literature search on abstracts related to ephemeral 
gully research in September 2007 (Appendix A4).  These abstracts indicate the magnitude of the 
ephemeral gully erosion problem, physical characteristics, modeling approaches, and treatment of these 
gullies throughout the world. Over 400 abstracts were identified (see references in Appendix A4).  This 
large number covered a variety of related subjects such as location, land use, scale, laboratory studies, 
theoretical modeling, treatment and prevention, and process descriptions of ephemeral gully erosion. 
 
Current analytical tools are not adequate to evaluate the ephemeral gully erosion problems on cropland 
and are not adequate for evaluation of treatment alternatives or designs.  Because there is no “tolerable 
level” of ephemeral gully erosion, NRCS field staff recommends treatment of ephemeral gully erosion 
through application of various conservation practices on a site-by-site basis whenever recognized. These 
practices naturally have a wide range of effectiveness in solving the ephemeral gully erosion problem. 
NRCS also has supported many years of research and application of conservation measures to control 
sheet and rill erosion with less attention on developing conservation measures specifically for ephemeral 
gully erosion control.  However, because no prediction tool is available to quantify the magnitude of 
ephemeral gully erosion, no cost/benefit determinations can be made. 
 
Erosion processes are difficult to analyze due to the many factors impacting the physical system such as 
climatic, soil, slope, vegetation, conservation treatment, etc.  A fairly robust empirical system of USLE 
and RUSLE uses the factors R, K, S, L, C, and P.  These tools were developed based on thousands of 
research plot years of data. The erosion plots, however, were not big enough to have ephemeral gully 
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erosion, so no similarly simple empirical prediction technology exists for ephemeral gully erosion. Most 
existing modeling approaches rely on process-based representations.  Ephemeral gully erosion processes 
are influenced by the same factors affecting sheet and rill erosion, including drainage area, peak discharge 
for storm events (concentrated flow), subsurface properties (layering and flow), topographical features 
(drainage networks), and sediment transport and deposition.  The 400+ abstracts discuss in depth the 
factors contributing to ephemeral gully erosion, the magnitude of the problem throughout the world, 
modeling techniques, and treatment methods.  The abstracts also reveal research and data gaps in being 
able to predict the magnitude of ephemeral gully erosion in a particular situation and the downstream 
impacts on the larger watershed.  In deciding where to focus future data collection and research on 
ephemeral gully erosion, further review of these abstracts, their papers, and research products would be 
very beneficial.   

Quantitative or Qualitative Evaluation of Ephemeral Gully Erosion: 
Research on gully erosion has included techniques for monitoring gully erosion (Poesen et al., 2003; Wu 
and Cheng, 2005), gully retreat rates (Oostwoud and Bryan, 2001; Vandekerckhove et al., 2003; Hu et al. 
2007), topographic thresholds for gully erosion (Patton and Schumm, 1975; Vandaele et al.,1996; 
Nachtergaele et al., 2001, 2003; Poesen et al., 2003; Wu and Cheng, 2005) and contribution of gullies to 
soil loss and sediment yield (Li et al., 2003; Nyssen et al., 2008).  Poesen et al. (2003) noted that gully 
erosion rates are highest at their initiation and decline exponentially with time as gully growth stabilizes. 
However, filling of gullies by tillage can result in maintaining a high level of erosion. Gordon et al. 
(2008) demonstrated how filling-in of gullies by tillage reactivates the gully erosion, thereby producing 
an intermittent step-wise increase in gully erosion that ultimately is greater in soil loss with time than not 
filling the gully. The result is that ephemeral gullies can be a significant source of sediment yield in a 
catchment or watershed. USDA-Natural Resource Conservation Service (1997) found for 17 States in the 
USA that ephemeral gully erosion accounted for an average of 38% of the total erosion, with a range from 
18 to 73%. This is comparable to the world-wide ranges of 10 to 94% and 19 to 80%, with a median value 
of 44% for all conditions reported by Poesen et al. (2003) and Capra and Scicolone (2002), respectively. 
 

Ephemeral Gully Erosion 
(Percent of Total Watershed Erosion) Source 

Range Median 
18% to 73% 38% USDA-NRCS (1997)(17 statesP 
10% to 94% 44% Poesen et al. (2003) 
19% t0 80% 44% Capra and Scicolone (2002) 

Modeling Approaches 
Several physically-based ephemeral gully erosion models have been developed (Knisel, 1980; Foster and 
Lane, 1983; Wang, 1992; Street and Quinton, 2001; Gordon et al., 2007), and other models have been 
proposed for the larger-scale headcut advancement in the scale of dam breaching and spillway erosion 
(De Ploey, 1989; Temple, 1992; Robinson and Hanson, 1994). Normally, headcut erosion can take the 
form of either retreat or rotation, depending on the flow conditions and soil properties near the headcut 
(Gardner, 1983; Stein and Julien, 1993). Wu and Wang (2005) established a numerical model to simulate 
the vertical two-dimensional headcut migration details, which considers the hydraulic erosion on the 
vertical headwall of the headcut and the geotechnical failure of the headcut due to the scour at its toe.  
The model does not, however, consider concentrated overland flows or lateral bank erosion. 
 
The ephemeral-gully processes currently in USDA erosion models include the channel component of 
CREAMS (Chemicals, Runoff and Erosion from Agricultural Management Systems) (Knisel, 1980), 
WEPP (Ascough et al., 1997), and REGEM (Revised Ephemeral Gully Erosion Model) (Gordon et al., 
2007), which is used with modification [as TIEGEM (Tillage-Induced Ephemeral Gully Erosion Model)] 

http://www.scopus.com/scopus/search/submit/author.url?author=Bryan%2c+R.&origin=resultslist&authorId=23105263400&src=s�
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in AnnAGNPS.   CREAMS simulates ephemeral gully erosion through a procedure that takes into 
account detachment of soil through the shear force of flowing water, sediment transport capacity, and 
changing channel dimensions. The equations that describe change in channel dimensions were developed 
by Foster and Lane (1983). REGEM incorporates analytic formulations for plunge pool erosion and 
headcut retreat (Alonso et al., 2002) within single or multiple storm events in unsteady, spatially varied 
flow at the sub-cell scale.  REGEM addresses five soil particle-size classes to predict gully evolution, 
transport-capacity and transport-limited flows, and gully widening based on discharge (Nachtergaele et 
al., 2002).  
 
TIGEM is an improved ephemeral gully model developed from REGEM, based upon the research done 
by Alonso et al (2002) and Gordon et al (2007 & 2008), that assumes that ephemeral gullies (1) form as a 
result of a headcut that is restricted by a non-erodible layer, which is the depth of the tillage layer; 
(2) erodes a single channel with drainage area a function of the hydraulic geometry of the decreasing 
channel flow length from the hydraulically most distant point (Theurer et al, 1996); (3) have five optional 
ephemeral gully width algorithms, one of which came from Nachtergaele et al (2002) and two from 
Woodward (1999); and (4) allows for gully repair when the fields are tilled. 

Scale Effect 
One of the difficulties in assessing the significance of gully erosion is recognizing the distinction between 
the various scales of gullies. Ephemeral gullies are widely accepted as “small channels eroded by 
concentrated flow that can be easily filled by normal tillage, only to reform again in the same location by 
additional runoff events,” (Soil Science Society of America, 2008). In contrast to an ephemeral gully, a 
gully (or classical gully, to further distinguish the type) is defined as “deep enough (usually > 0.5 m) to 
interfere with, and not be obliterated by, normal tillage operations,” (Soil Science Society of America, 
2008). Normal field operations are conducted around and not through classical gullies.  These are 
working definitions that have proven effective for communication purposes. However, what is lacking in 
defining ephemeral gully erosion is a clear understanding of the processes driving ephemeral gully 
erosion. 

Current Status of Erosion Prediction 
Until WEPP becomes functional for field office use, NRCS plans to use RUSLE2 as the primary 
tool for estimating sheet and rill erosion on cropland for conservation planning purposes (estimate 
2011/2012).  NRCS will need to continue support for the ARS development and maintenance of the soil 
erosion prediction technology during this time, plus provide additional resources to WEPP software 
developers to include additional ephemeral gully erosion technology into the field office version of 
WEPP.  
 
At an ARS customer-focus meeting in Oxford MS in 2005, NRCS requested that ARS consider 
researching and developing technology that NRCS can include in science-based tools and models to 
predict ephemeral gully erosion.  This request was repeated again in October, 2005, and included 
irrigation-induced erosion and ephemeral gully erosion.  ARS has included the development of this 
technology in their 5-year Current Research Information System (CRIS) cycle. 

Research, Tools, and Software Development 

AnnAGNPS  
AnnAGNPS (the Annualized version of the AGricultural Non-Point Source Pollution Model) is a 
continuous-simulation, mixed-land use, watershed-scale computer model designed to predict the origin 
and movement of water, sediment, and chemicals at any location in primarily agricultural watersheds. It 
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distinguishes between erosion caused by sheet and rill (from RUSLE1.06), tillage-induced ephemeral 
gullies (TIEG), other gully processes, and streambed and bank sources.  It also predicts the amount of 
each pollutant (sediment and chemical loads) at any location in the watershed; i.e., how much of each 
pollutant comes from where and arrives at any location in the watershed.   Erosion from gullies is 
estimated using procedures describing the depth, width, and migration rate of the headcut (Alonso et al., 
2002).  Sediment delivered to the mouth of the gully is estimated using the HUSLE procedure (Hydro-
geomorphic Universal Soil Loss Equation) (Theurer and Clarke, 1991). 
 
TIEGEM (Tillage-Induced Ephemeral Gully Erosion Model) is a new addition to AnnAGNPS that 
incorporates recent ARS research.  It is state-of-the-art technology that cannot be found in any other tool.  
Several algorithms are used to determine the minimum gully width for each event:  (1) previously 
determined width by a prior event; (2) Nachtergaele et al.’s (2002) equation 10; (3) the hydraulic 
geometry relationship for the gully’s concentrated flow; (4) non-submerging tailwater depth at the crest of 
the headcut; (5) Woodward’s (1999) equilibrium gully width; and (6) Woodward’s (1999) ultimate gully 
width. 
 
Features within AnnAGNPS can be used to determine the probability and amount of a pollutant reaching 
any location within the watershed, including tillage-induced ephemeral gullies.  To include the tillage-
induced ephemeral gully feature in an AnnAGNPS analysis requires locating the mouth of each potential 
TIEG.  Preliminary studies have been performed to identify the mouth of a gully headcut based on 
topographic analysis and have been integrated into AGNPS GIS components (Parker et al., 2007).   
 
AnnAGNPS with ephemeral gully erosion capabilities is currently available to quantify the magnitude 
and extent of tillage-induced ephemeral gully erosion, sediment yield, and sediment load in watersheds.  
These results could be correlated through land use, soils, and climate to indicate the magnitude and risk 
associated with pollutants originating from tillage-induced ephemeral gullies. 

APEX  
The APEX model (Agricultural Policy Environmental eXtender) was developed by the Blacklands 
Research and Extension Center in Temple, Texas. APEX is a flexible and dynamic tool that is capable of 
simulating a wide array of management practices, cropping systems, and other land uses across a broad 
range of agricultural landscapes, including whole farms and small watersheds. The model can be 
configured for novel land management strategies, such as filter strip impacts on pollutant losses from 
upslope cropfields, intensive rotational grazing scenarios depicting movement of cows between paddocks, 
impacts of vegetated grassed waterways in combination with filter strips, and land application of manure 
from livestock feedlots or waste storage ponds. A description of the APEX model is provided at the 
Website:  http://epicapex.brc.tamus.edu/. 
 
The APEX daily time-step model simulates weather, farming operations, crop growth, and yield, plus the 
movement of water, soil, carbon, nutrients, sediment, and pesticides. Weather events and their interaction 
with crop cover and soil properties are simulated to produce effects on the fate and transport of water and 
chemicals through the soil profile and over land to the watershed outlet. Soil erosion is simulated over 
time, and includes wind erosion, sheet and rill erosion, and irrigation-induced erosion.   
 
The APEX sediment routing component transports sediment through channels and floodplains, computing 
both degradation and deposition.  The quantity of sediment produced by ephemeral gully erosion is 
calculated by using two of the runoff-based soil erosion equations available in APEX: MUSLE (Modified 
Universal Soil Loss Equation) and MUSS (small watershed version of MUSLE).  Runoff variables 
increase the prediction accuracy, eliminate the need for a sediment delivery ratio, and enable the model to 
estimate sediment yield for a single storm. 
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MUSLE was developed to simulate sediment yield from small agricultural watersheds.  Some of the 
watersheds used in its development contained natural channels, so the sediment yield estimate is 
composed of both upland and channel erosion.  MUSLE uses a sediment delivery ratio to estimate the 
amount of eroded soil that actually leaves the boundary of the field. A portion of the eroded material is 
redistributed and deposited within the field or trapped by conservation buffers or other forms of 
conservation treatment that promote deposition. This is taken into account in the sediment delivery 
calculation. 
 
A second soil erosion routine in the APEX model, MUSS, is used with MUSLE to account for the 
quantity of material being transported by ephemeral gully erosion. MUSS is an equation developed by 
fitting small watershed data where no channel erosion occurred. In APEX, the MUSS soil erosion in the 
small watershed is subtracted from the MUSLE erosion to estimate ephemeral gully erosion on the field. 

CONCEPTS 
The channel evolution computer model, CONCEPTS (CONservational Channel Evolution and Pollutant 
Transport System), simulates the long-term evolution of incised and restored or rehabilitated stream 
corridors (Langendoen, 2000). The physically-based model simulates the three main processes that shape 
incised streams: hydraulics, sediment transport, and streambed and bank adjustments.  Channel cross 
sections are of any shape and include a main channel with left and right overbank sections.  Streambed 
and streambank material can be composed of layers with different material properties such as grain-size 
distribution, resistance to hydraulic erosion, or shear-strength parameters.  Channel hydraulics is 
represented by the full Saint-Venant equations of gradually-varying flow or its diffusion wave form in 
case of high Froude numbers.  The equations are solved using the Preissmann (1960) scheme. 
 
CONCEPTS calculates fractional sediment transport similarly to KINEROS2 (KINematic runoff and 
EROSion model, see below).  However, CONCEPTS (1) adds an additional source term in the sediment 
mass balance that accounts for lateral inputs from streambank erosion and (2) distinguishes between the 
different erosion characteristics of cohesive and cohesionless sediments (Langendoen and Alonso, 2008).  
Sediment transport capacity for each particle size class is calculated by the SEDTRA model using optimal 
transport equations for each size class: Laursen (1959) for silts, Yang (1973) for sands, and Meyer-Peter 
and Mueller (1948) for gravels.  Deposition or erosion of sediment deposits is uniformly distributed over 
the wetted part of the bed.  Bed erosion is limited by bed rock.  Erosion of streambanks is a combination 
of: (1) lateral erosion of the bank toe by fluvial entrainment of in situ bank materials, often termed 
hydraulic erosion; and (2) mass failure of the upper part of the bank due to gravity (Langendoen and 
Simon, 2008).  The amount of hydraulic erosion is calculated separately for each soil layer comprising the 
streambank by an excess shear stress equation, using an average boundary shear stress exerted by the flow 
on each soil layer.   
 
CONCEPTS performs stability analyses of planar and cantilever failures, which are most widely observed 
in the incised stream systems of the midcontinent of the United States.  The stability of the bank is 
determined by the bank’s geometry, bank stratigraphy, soil properties, pore-water pressures, confining 
pressure exerted by the water in the stream, and riparian vegetation (Langendoen and Simon, 2008).  In 
case of bank failure, the failed material becomes part of the bed-material load, and the cross-sectional 
geometry is updated accordingly. 

EGEM 
A method for estimating ephemeral gully erosion was developed under the direction of Dr. John Laflen, 
USDA-ARS, which used regression equations to predict outputs of the CREAMS model (Watson et al., 
1985).  The computer program developed was named Ephemeral Gully Erosion Estimator (EGEE). The 
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model is based on research on erosion from concentrated flow conducted by Foster (1982) and Franti, et 
al., (1985).  EGEE estimated the quantity of soil eroded from a single ephemeral gully (ephemeral gully).  
Erosion computation routines from EGEE were added to the existing NRCS Engineering Field Manual 
Chapter-2, EFM-2 computer program (USDA-NRCS, 1989), resulting in the EGEM model (Merkel et al., 
1988).  EGEM has a user-friendly screen design with on-line help and peripheral functions such as 
load/save data sets and print, besides having standard NRCS procedures for estimating volume of runoff 
and peak discharge for small agricultural watersheds.  A user manual was written for EGEM (USDA-
NRCS, 1992) and covers primarily input data descriptions and where to obtain data.  It contains a general 
description of the computational processes, use for branched and unbranched gullies, and use of the 
computer program. 
 
The two options within EGEM are to estimate ephemeral gully erosion from a single storm event or 
average annual.  Various options allow for more flexibility in estimating average annual ephemeral gully 
erosion.  The year may be divided into up to three seasons representing such conditions as fallow, cover 
crop, and row crop.  Computation of average annual ephemeral gully erosion is based on four concepts: 
(1) the largest storm of the year causes the ephemeral gully to reach its maximum dimensions; (2) the 
ephemeral gully is filled with soil once per year through a tillage operation; (3) a single ephemeral gully 
is assumed with user-defined length (no dendritic pattern); and (4) the average annual ephemeral gully 
erosion may be computed based on a probability relationship. 
 
Although ephemeral gully erosion processes are very complex, time and space dimensions are modeled in 
a simplified manner in EGEM.  The initial width and maximum width of the ephemeral gully are first 
estimated.  Based on the volume of runoff, peak discharge, and soil properties, the ephemeral gully first 
deepens until it reaches the less-erodible soil layer (typically tillage depth or topsoil depth), then widens 
until it reaches the estimated maximum width. 

Hairsine and Rose 
The rates of entrainment, re-entrainment, and deposition are continuous dynamic processes which occur 
simultaneously through an erosion event. An erosion model that considers deposition as a separate rate 
process was developed by Hairsine and Rose (1992a, 1992b). The model incorporates a specific 
description of the role of cohesion, the capability to deal with a range of sediment sizes and settling 
velocities, and an explicit representation of the layer formed by deposition; i.e., the formation and 
evolution of deposited sediment has a different cohesive strength than the original uneroded soil. The 
transport capacity of the flow is determined as a limiting outcome of the evolution of the deposition and 
erosion processes. Conditions of net erosion and net deposition are merely a change in the balance of 
these processes. When cohesion plays no role in limiting the transport of sediment, the expression for 
sediment concentration has been shown to have similarities to the sediment transport equation of Yang 
(1973). An examination of the data of Meyer and Harmon (1985) showed that the rill erosion extension 
theory provides consistent parameter values across an extensive set of experiments. Rill shape was shown 
not to affect the sediment concentration at the entrainment limit; however, sediment concentration at the 
transport limit was sensitive to rill shape. 

HUMUS 
The Hydrologic Unit Model for the United States (HUMUS) is a decision support system designed for 
making national and river basin scale resource assessments. The components of the HUMUS system 
include: (1) the basin-scale Soil and Water Assessment Tool model (SWAT); (2) a GIS to manage spatial 
inputs and outputs; and (3) relational databases of climate, soil, crop and management properties. 
 
The HUMUS project was designed to provide the technical basis for conducting the appraisal of water 
resources for the 1997 RCA Appraisal Report.  It is intended to provide detailed information about the 
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uses of water on irrigated and non-irrigated agricultural lands and of the physical and economic effects of 
changing agricultural practices and cropping patterns on future water needs and supplies.  
 
Recent advancements in computer-based natural resource simulation technologies give the opportunity to 
do comprehensive regional and national water resources assessments. The HUMUS system is expected to 
be a prototype for other national natural resources policy development forums and for uses of the 
technology at the regional level by natural resources agencies. HUMUS includes information about local 
weather, soil properties, topography, natural vegetation, cropped areas, runoff, erosion, ground water, 
irrigation, and agricultural practices for approximately 2,150 watershed areas (the 8-digit hydrologic 
accounting units delineated by the Water Resources Council in the Second National Assessment). Water 
flows are routed from the 2,150 watershed areas through the 18 major river basins. The system is 
calibrated by comparing simulated water outflows with actual stream flows derived from gauging records 
at 350 locations (the 6-digit hydrologic unit areas).  

KINEROS2 
The kinematic runoff and erosion model, KINEROS, is an event-oriented, physically-based model 
describing the processes of interception, infiltration, surface runoff, and erosion from small agricultural 
and urban watersheds (Woolhiser et al., 1990).  The watershed is represented by a cascade of planes and 
channels. The partial differential equations describing overland flow, channel flow, erosion, and sediment 
transport are solved by finite-difference techniques.  KINEROS2 routs flow and mixed-size sediments 
through channels with a compound cross section (trapezoidal main and overbank sections).  The 
kinematic wave form of the Saint-Venant equations describe channel hydraulics and are solved using the 
Preissmann scheme (e.g., Cunge et al., 1980).  Fractional sediment transport is described by a mass 
balance equation for each size fraction that accounts for storage in the water column, advective transport, 
and exchange of sediment between bed and water column.  The latter is a function of the difference 
between current sediment concentration and the equilibrium concentration (Bennett, 1974).  Transport 
capacity is computed using the Engelund and Hansen (1967) total load formula.  Resulting changes in 
channel depth and width are calculated by minimizing stream power (Chang, 1982).  KINEROS2 assumes 
a maximum erodible depth and fails banks if they become too steep. 

REGEM 
Gordon et al. (2007) extended the capabilities of EGEM through the Revised EGEM (REGEM) as a 
stand-alone program, by: (1) adding a new algorithm which estimates the migration rate of the headcut 
(Alonso et al., 2002), (2) adding an algorithm which creates the initial headcut’s knickpoint, (3) refining 
some of the existing EGEM components, and (4) developing additional components into a revised and 
further enhanced algorithm. The revised ephemeral gully erosion model approach incorporates analytic 
formulations for plunge pool erosion and headcut retreat within single or multiple storm events in 
unsteady, spatially varied flow at the sub-cell scale, and addresses five soil particle-size classes to predict 
gully evolution, transport-capacity and transport-limited flows, gully widening, and gully reactivation.  
REGEM was the basis for the ephemeral gully components within AnnAGNPS. 

RHEM/KINEROS 
Because on most undisturbed rangelands, the rill-interrill concept is not applicable and rainfall splash and 
sheet erosion are the dominant erosion processes, Wei et al. (2009) developed a new equation that will be 
used in the Rangeland Hydrology and Erosion Model (RHEM). The equation proposed is:  
Dss = Kss I-1.052q0.592, where Kss denotes the splash and sheet erosion coefficient, I is rainfall intensity, 
and q is runoff rate. 



17 
 

RUSLE2  
RUSLE2 currently simulates a channel at the bottom of a one-dimensional hillslope and estimates 
deposition in the channel if a low channel gradient is specified. RUSLE2 uses soil management and 
climatic information to estimate sediment load and runoff from a location’s 10-yr 24-hr precipitation 
amount (P10y, 24h

SWAT 

) to determine transport capacity and sediment yield from channels. However, RUSLE2 
does not predict erosion in the channels, no matter how steep the gradient or how large the discharge. 
Dabney et al. (2008) demonstrated how an alternative sequence of index storms could be derived from 
RUSLE2 databases and linked with a process-based ephemeral gully erosion model such as that used by 
CREAMS or WEPP. Appendix A3 presents a proposal to develop a 2-D version of RUSLE that could 
employ this approach beyond the scale of the current one-dimensional hillslope RUSLE2. 

The Soil and Water Assessment Tool model (SWAT) (Arnold et al., 1998) was developed by the U.S. 
Department of Agriculture–Agriculture Research Service (USDA-ARS) as a basin-scale continuous time-
scale management evaluation tool.  The CREAMS, GLEAMS, and EPIC models (Knisel, 1980; Leonard 
et al., 1987; Williams et al., 1984) were used in developing the watershed scale components. Sediment 
delivery to the edge of the field is estimated from the MUSLE equation.  The use of MUSLE lumps all 
sediment sources from the fields based on USLE parameters and flow characteristics.  The SWAT model 
adjusts the MUSLE sediment yield by considering snow cover effects and the sediment lag in surface 
runoff. The SWAT model also calculates the lateral and ground water contributions to channel flow. 
Sediment is routed downstream through the channel system. 
 
SWAT is an enhancement of the SWRRB model (Arnold et al., 1990) that allows simulation of water 
quality and quality in large, complex basins. A detailed description of the model is given in Arnold et al. 
(1998a). It was designed to predict the impact of topography, soils, land use, management, and weather 
on yields of water, sediment, nutrient (nitrogen and phosphorus), and agricultural chemicals for large 
ungauged watersheds. To meet these design criteria, the model (a) does not require calibration (which is 
impossible on ungauged watersheds), (b) uses inputs that are readily available for large areas, (c) is 
computationally efficient in order to simulate the interaction of hundreds of sub-basins using a daily time 
step, and (d) is capable of simulating hundreds of years in a continuous time mode to assess the long-term 
impacts of change. The command structure is used to route water, nutrients, and chemicals through 
streams and reservoirs and to input measured data for point sources of water and nutrients. Basins can be 
subdivided into grid cells or subwatersheds to increase detail for input and output. 
 
Model sub-basin components can be divided into the following: hydrology, weather, sedimentation, soil 
temperature, crop growth, nutrients, pesticides, and agricultural management. Simulated hydrology 
processes include (1) surface runoff estimated from daily rainfall using the SCS curve number, (2) 
percolation modeled with a layered-storage routing technique combined with a crack flow model, (3) 
lateral subsurface flow, (4) ground water flow to streams from shallow aquifers, (5) potential 
evapotranspiration by the Hargreaves, Priestley-Taylor, and Penman-Monteith methods, (6) snowmelt, (7) 
transmission losses from streams, and (8) water storage and losses from ponds. 
 
Weather variables that drive the hydrologic model include daily precipitation, maximum and minimum air 
temperatures, solar radiation, wind speed, and relative humidity. A weather generator can be used to 
simulate all or several variables based on monthly climate statistics calculated from long-term measured 
data. Different weather data can be associated with specific sub-basins. Sediment yield is computed for 
each sub-basin with the Modified Universal Soil Loss Equation. Soil temperature is updated daily for 
each soil layer as a function of air temperatures; snow, plant and residue cover; damping depth; and mean 
annual temperature. 
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Crop growth is simulated with a daily time-step using a simplification of the EPIC crop model which 
estimates phenological development based on daily accumulation of heat units, harvest index for 
partitioning grain yield, Monteith’s approach for potential biomass, and adjustments for water and 
temperature stress. Different crops, both annual and perennial, can be simulated by using crop-specific 
input parameters. 
 
Nitrate losses in runoff, percolation and lateral subsurface flow are simulated. Organic nitrogen losses are 
estimated from soil losses and an enrichment ratio. A nitrogen transformation model modified from EPIC 
includes residue mineralization, organic matter mineralization, nitrification, denitrification, volatilization, 
fertilization, and plant uptake. Phosphorus processes include residue and organic matter mineralization, 
losses with runoff water and sediment, fertilization, fixation by soil particles, and plant uptake. Pesticide 
transformations are simulated with a simplification of the GLEAMS model approach and include 
interception by the crop canopy; volatilization; degradation in soils and from foliage; and losses in runoff, 
percolation, and sediment. 
 
Simulated agricultural management practices include tillage effects on soil and residue mixing, bulk 
density, and residue decomposition. Irrigation may be scheduled by the user or applied automatically 
according to user-specified rules. Fertilization with nitrogen and phosphorus can also be scheduled by the 
user or applied automatically. 
 
Pesticide applications are scheduled by the user. Grazing is simulated as a daily harvest operation. 
 
Simulated stream processes include channel flood routing, channel sediment routing, and nutrient and 
pesticide routing and transformations modified from the QUAL2E model. Components include algae as 
chlorophyll-a, dissolved oxygen, organic oxygen demand, organic nitrogen, ammonium nitrogen, nitrite 
nitrogen, organic phosphorus, and soluble phosphorus. In-stream pesticide transformations include 
reactions, volatization, settling, diffusion, resuspension, and burial. 
 
The ponds and reservoirs component includes water balance, routing, sediment settling, and simplified 
nutrient and pesticide transformation routines. Water diversions into, out of, or within the basin can be 
simulated to represent irrigation and other withdrawals from the system. 

WEPP/CREAMS  
Haan et al. (1994) provide a clear conceptual derivation of the channel erosion theory represented by the 
process-based equations used in CREAMS to describe ephemeral gully erosion.  Essentially the same 
theory is used in the watershed version of WEPP and GeoWEPP to describe channel erosion.  The theory 
is based on several assumptions: (1) that Manning’s equation applies, (2) that the shear stress distribution 
around the cross section of a channel can be represented by a hard-coded dimensionless distribution, (3) 
that the soil consists of a uniform erodibile layer with characteristic erodibility and critical shear stress 
values overlying a non-erodible layer at a specified depth, (4) that potential detachment rate is 
proportional to excess shear stress (Eq 3, below), (5) that actual detachment is proportional to the 
unsatisfied transport capacity of a steady-state runoff rate, (6) that transport capacity can be determined 
by the set of equations proposed by Yalin (1963), and (7) that deposition occurs if sediment load exceeds 
transport capacity.  
 
In application, the runoff hydrograph is converted to an effective steady-state runoff rate with 
corresponding duration. The shear stress is calculated from discharge using channel slope, Manning’s n, 
and channel dimensions to determine velocity and hydraulic radius and assuming shear stress is 
proportional to the product of slope, hydraulic radius, and the unit weight of water. Application of the 
detachment/transport coupling relationships, together with the assumption of a rectangular channel shape, 
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leads to the determination of an effective channel width prior to the intersection of the eroding surface 
with the non-erodible layer. The effective channel width depends on critical shear stress but not on soil 
erodibility. The time to reach the non-erodible layer is determined (depending on available transport 
capacity and soil erodibility), and the total time of the event is divided into a period before reaching the 
non-erodible layer and a period after reaching the layer.  After the non-erodible layer is reached, the 
channel widens, asymptotically approaching the width where shear stress at the toe of the channel bank is 
equal to the specified critical stress.  This allows application of a rapidly-solved analytical calculation of 
soil loss at several cross sections down the channel. Two limitations of this approach are that (1) the non-
erodible layer remains forever non-erodible, and (2) any deposition of sediment predicted from one event 
is neglected in subsequent erosion calculations. 

WinSRFR 
WinSRFR is an integrated hydraulic analyses application for surface irrigation systems that combines a 
simulation engine with tools for irrigation system evaluation, design, and operational analysis (ALARC, 
2006).  Its simulation engine, SRFR, simulates the unsteady hydraulics and morphology of trapezoidal 
furrows in a single soil (Strelkoff and Bjorneberg, 2001).  SRFR solves the Saint-Venant equations for 
one-dimensional open-channel flow, either in its diffusion or kinematic form, hence neglecting the effects 
of inertia, while accounting for infiltration.  The length of the surface stream is computed as part of the 
solution.  The detachment, transport, and deposition of mixed-sized sediments largely follow the WEPP 
approach.  However, SRFR uses the Laursen transport capacity equation because it was found that the 
Yalin transport capacity equation greatly over-predicts the transport of silt-sized sediments.  SRFR 
assumes a constant boundary shear stress along the wetted perimeter of each furrow section, which 
includes the furrow bottom and sidewalls.  Therefore, the eroded or deposited sediments are distributed 
uniformly across the wetted perimeter. 

Object Modeling System (OMS) 
The Object Modeling System (OMS) is an agro-environmental modeling framework maintained by the 
U.S. Department of Agriculture (USDA), jointly by the Agricultural Research Service (ARS) Agricultural 
Systems Research Unit (ASRU) and the Natural Resources Conservation Service (NRCS) Information 
Technology Center (ITC).  The framework provides scientists a consistent and efficient way to create 
science components, build models, calibrate and test them, and modify and re-purpose them as the science 
advances.  The framework also enables the user to run models in support of action agency program 
delivery.  OMS is an important part of the USDA technical architecture supporting technology transfer 
from research to program delivery agencies. 
 
OMS fills the strong business need to deliver the best science to these decision makers and their advisors 
in as efficient and responsive manner as possible.  It provides the technology bridge to information 
systems that support the decision making process. 
 
OMS provides a standardized, consistent platform to build and manage models and modules that support 
the business interests and mission of USDA.  The platform provides for deploying models and modules as 
services in a production environment integrated with agency business applications.  The platform allows 
models to be linked with agency data collection and management infrastructure. 

Reporting 

NRCS Performance Results System (PRS) 
The NRCS Performance Results System (PRS) provides web-based detailed performance 
accomplishment data, updated daily.  It tracks and monitors agency-wide performance goals and progress 
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toward achieving those goals. The system is streamlined and user-friendly and aligns the agency 
performance measurement with the Government Performance and Results Act.  Reports are available on a 
national, regional, or state basis. 
 
The Agency’s annual performance measures provide a link between day-to-day activities on the 
landscape and the agency’s long-term strategic objectives outlined in the NRCS Strategic Plan, 2005–
2010. Annual measures reflect the annual increment of progress toward the long-term performance 
targets. These annual measures provide the foundation for the agency’s annual performance budget 
formulation, budget and performance integration (BPI) reporting, and Program Assessment Rating Tool 
(PART) process. Essential data elements gathered through these measures make it possible to meet 
agency reporting requirements, from Civil Rights reports to congressional inquiries. 
 
Data Entry Points.  Data entry is primarily through the appropriate business tools, Customer Service 
Toolkit, ProTracts, or POINTS. However, direct entry is also enabled using a PRS data entry screen. In 
addition, several measures can only be reported through PRS. These instances of specialized reporting 
should diminish over time, as business tool development continues. Specific data entry points are noted in 
the measure definition. Basic customer information, including customer name and status (race, gender, 
ethnicity, etc.), will be entered and maintained through the Service Center Information Management 
System (SCIMS) application and linked to the reported performance for that customer. 
 
Reporting Frequency.  Reporting is automatic for performance data harvested from existing business 
tools. Where progress must be entered using PRS screens or program tracking business tools, 
performance should be updated as reportable items are completed. Performance reports are issued weekly 
to top leadership for review. These reports summarize national level Fiscal Year (FY) performance data 
posted through the prior week. Regular reporting allows leadership to evaluate agency performance using 
the most current information. 

Natural Resources Inventory 
Since 2000, information on the presence or absence of ephemeral gullies (as well as classic gullies) has 
been recorded for sample points in the NRI under the NRI category “Resource Concerns.”  More 
precisely, evidence of concentrated flow paths on fields (a surrogate for ephemeral gullies) is observed 
and recorded.  Remote sensing/photo interpretation methods are used.  The area of consideration includes 
portions of the field surrounding the point that would be considered in conservation planning.  The ability 
to detect evidence of ephemeral gullies is sometimes limited by vegetative cover, seasonal field 
conditions, and the weather when the photography was obtained.  Land use cover for which this 
information is collected includes:  cropland, hayland, pastureland, CRP, and rangeland.  NRI data 
summaries will report the acres for which ephemeral gullies may be a resource concern.  To date, NRI 
data summaries on ephemeral gullies have not been released.  

NRCS Field Office Needs 
During the planning process, if an active ephemeral gully is observed, it is planned for treatment.  No 
assessment tool is used to predict its erosion rate or degree of concern.  Treatment is based on site 
hydrology, soil conditions, and farming enterprise.  General treatments include grassed waterways, 
vegetated barriers, terraces, grade control structures, and impoundments. 
 
A quality criterion for ephemeral gully erosion is currently subjective in that it is assumed that a practice 
(terrace, waterway, etc.) effectively treats the problem.  This leaves little room for interpretation of the 
potential solutions offered by other conservation management and tillage alternatives.  Additionally, the 
application of a structural practice may not effectively treat the entire ephemeral gully erosion problem on 
the field. A quantitative tool is needed to estimate the “before” and “after” practice effects. Conservation 
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programs often require this information in determining program eligibility and ranking for limited cost 
share resources.  
 
The Conservation Practice Physical Effects (CPPE) matrix assesses the effects of approximately 164 
conservation practices, both positive and negative, in a qualitative way.  The CPPE matrix identifies 
concentrated flow erosion as a resource concern.  Conservation practices are judged to have “slight,” 
“moderate,” or “significant” impact on concentrated flow erosion.  This presents the question, “how much 
impact from treatment is necessary to warrant the implementation of the practice.”  
 
Currently, NRCS reports only the treatment practices (e.g., acres of grassed waterway, feet of vegetative 
barriers and terraces) and not their effectiveness in reducing ephemeral gully erosion.  Field planners 
currently do not have a procedure or method to capture the effects or benefits of ephemeral gully erosion 
treatments in PRS. 

Research Needs 

Ephemeral Gully Erosion Location Research 
Understanding the processes governing ephemeral gully erosion should lead to the development of a 
method for predicting where these occur on the landscape and measurable criteria for distinguishing 
between ephemeral gullies and classic gullies.  There is a need to predict where an ephemeral gully occurs 
on the landscape for both modeling purposes and conservation planning. Montgomery and Dietrich 
(1988) stated that “a key component of channel network growth and landscape evolution theories as well 
as models… should be the prediction of where channels (i.e. gullies) begin.” Much has been 
accomplished in the last 20 years regarding data bases for estimating soil loss from gullies, and to a lesser 
degree from ephemeral gullies, but very little success has been achieved in developing methods to predict 
their location. The most common approach applied to gullies is the relationship between the upslope 
drainage area (A) and the local slope gradient (S) immediately above the gully head, such as 
 

                    (1) 
 
where a and b are empirically determined fitting parameters. Montgomery and Dietrich (1988, 1992) are 
most often credited with developing threshold criteria in the form of AS2, although the concepts go back 
to Horton (1945).  The upper and lower thresholds for the point of gully initiation correspond to AS2 
values of 4000 and 500 m2

 

, respectively. Numerous recent papers (Morgan and Mngomezulu, 2003; 
Moeyersons, 2003; Valentin et al. 2005; Wu and Cheng, 2005) have been devoted to the application of 
this approach with various degrees of success. However, this method has not been applied to locating 
ephemeral gullies. 

The landscape position where ephemeral gullies are prone to develop is determined by the integrated 
contributions of the topography, soil pedology, climate, and land use characteristics. Prediction of 
ephemeral gully locations based on any single component apart from the others will inevitably have 
limitations and may lead to erroneous conclusions. For example, Zeverbegen and Thorne (1987) 
developed the compound topographic index (CTI) for locating ephemeral gullies, which is based on 
topography alone, such that  
 

                           (2) 
 
where A is the contributing area, S is the slope and PLC is the planform curvature. Ruiz et al. (2007) 
found that the CTI technique was adequate for many gullies but had limitations at other locations that 
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they proposed were due to failure to incorporate the soil pedology component.  
 
Souchere et al. (2003) developed a model, called “STREAM ephemeral gully,” for predicting the location 
and volume of ephemeral gullies by combining field measurements with knowledge of erosion processes. 
Their model is based on the excess shear stress concept in which erosion occurs when the overland flow 
discharge produces a shear stress that exceeds the critical soil shear stress: 
 

                  (3) 
 
where the sediment flux,  (kg s-1m-2), is the product of  the excess of the shear stress,  (kg m-1s-2), 
above a critical shear stress,  (kg m-1s-2),  and the soil erodibility coefficient,  (s m-1).  It is generally 
assumed that the exponent, , is unity. 
 
STREAM is based on a classification scheme for the various factors that affect ephemeral gully erosion. 
Others, (Imeson and Kwaad, 1980; Sidorchuk et al., 2003) have proposed classification schemes for 
describing types of gullies and predicting soil loss by gully erosion but not the location of ephemeral 
gullies. The SLOPE factor in STREAM is separated into four classes, < 2%, 2-4%, 4-8%, and >8%, 
represented by values 1 through 4, respectively. Land use is represented by a FRICTION factor with 
values of 1 through 5 assigned to each land use depending on the percent plant cover (3 levels) and the 
surface roughness (5 levels).  Surface roughness is based on the classification scheme developed by 
Ludwig et al. (1995).  Soil surface conditions, including soil properties and residue cover/roughness, 
control water infiltration to a large extent. The infiltration excess, or runoff, is the main driving force for 
gully erosion, so the surface roughness affects the FRICTION factor.  The critical shear stress is 
represented as a COHESION factor by values of 1 through 5 based on the land use, plant cover, and four 
levels of crusting. The qualitative descriptors for crusting were developed by Bresson and Boiffin (1990).  
STREAM uses an expert-based approach in which decision rules relate the factor tables to represent the 
erosion processes.  
 
The watershed of interest is divided into pixels based on a digital elevation model (DEM), and the runoff 
collection network is extracted using a discriminant function developed by Souchere et al. (1998). The 
discriminant function determines the network of topographical and agriculturally induced furrows, 
ditches, wheel tracks, flow paths, etc. A minimal drainage area threshold and segment length threshold 
are applied by the user to obtain the final flow path network. From the flow path network the total runoff 
volume (Ro) for a rainfall event is calculated for any pixel in the catchment. The sensitivity to gully 
erosion (S) for a pixel is calculated from  
 

        (4) 
 
Souchere et al. (2003) concluded that their model could be used to predict the level of ephemeral gully 
erosion but that the value for COHESION factor did not take into account the impact of compaction from 
agriculture machinery or the co-dependence of properties on the factors. A new model is being developed 
to address this.   
 
AnnAGNPS includes an ephemeral gully model (TIEGEM), based on the research done by Alonso et al 
(2002) and Gordon et al (2007 & 2008).  TIEGEM assumes that ephemeral gullies (1) are formed as a 
result of a headcut that is restricted by a non-erodible layer (depth of tillage layer); (2) erode a single 
channel with drainage area a function of the hydraulic geometry of the decreasing channel flow length 
from the hydraulically most distant point; (3) have optional ephemeral gully width algorithms; and (4) can 
be modeled as repaired when the fields are tilled. While TIEGEM is an improvement for US agronomic 
analyses, continued research is needed to improve the model for use as a field-prediction tool. 
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Process Model Development and Knowledge Gaps 
Existing ephemeral gully models have limitations.  For example, some gully models allow for the 
locations of the gully channel(s) and of gully initiation to be user-specified.  These models then draw 
information from databases to determine the gully’s drainage area, soil properties, land use, etc.  Other 
models require the user to provide all of the necessary input parameters in order to predict the location 
and dimensions of the gully. 
 
Some models assume that the gully width does not depend on soil properties or bank height.  Models that 
assume ephemeral gully erosion proceeds as a single headcut do not adequately address gullies that form 
in a branching or network pattern. Models assume that a non-erodible layer limits the depth of an 
ephemeral gully, which leads to predictions of wide and shallow ephemeral gullies.  Observations by 
Nachtergaele et al. (2000, 2001, and 2002) indicate that this may be an appropriate morphology for 
summer gullies. However, some winter gullies in Belgium, Portugal, and Spain are not limited by the 
same non-erodible layer. In reality, several soil layers with varying resistance to erosion may exist within 
and below the tilled zone, and the erodibility and critical shear values of the “less erodible” layers may 
vary seasonally with soil water content. Also, erosion of sediment deposited in channels during smaller 
events or after passage of head cuts are not considered in any existing ARS ephemeral gully erosion 
model.  Additionally, and probably of equal importance, very little is known regarding the erosion 
resistance properties associated with the soil (physical, chemical, moisture content, etc.), vegetation 
(cover, root mass, etc.), and land use (tillage operations, etc.). 
 
All existing headcut models depend, implicitly or explicitly, on an estimate of transport capacity to 
determine the amount of detachment and the amount of deposition. Available theories and mathematical 
descriptions of soil erodibility, soil critical shear stress, or sediment transport relationships are often 
conflicting, and no single generally accepted theory is available for the transport capacity of shallow 
erosive flows in agricultural fields (Ferro, 1998; Strelkoff and Clemmens, 2005; Hessel and Jetten, 2007). 
It is generally assumed, based on sediment transport studies in rivers and streams, that transport capacity 
is a function of the flow rather than of the surface. Research is accumulating, however, that seepage or 
drainage conditions can influence not only soil erodibility and critical shear stress, but also transport 
capacity as well (Huang et al., 1999; Zheng et al., 2000). Therefore, all of these properties may vary over 
time and between landscape positions, even if the soil and management are uniform within a field. The 
next-generation process-based ephemeral gully model should reflect the main trends of such variation as 
reflected by the likelihood of seepage versus drainage conditions.  
 
The effects of subsurface soil properties or subsurface flow processes can play significant roles in gully 
development.  Duplex soils, layered soils with a shallow water restricting horizon, are prone to seepage 
and soil piping, contributing to gully development. Numerous studies have shown that perched water 
tables have developed over restrictive layers, resulting in preferential lateral flow (Wilson et al., 1990, 
1991). This subsurface flow can contribute to gully formation and growth in ways not necessarily 
represented by surface topography, such as gully bank failure (Collison, 2001; Wilson et al., 2007) due to 
seepage, tunnel collapse by soil pipe erosion (Faulkner, 2006; Wilson et al., 2009), and pop out failures 
by pipe flow (Wilson et al., 2008). 
 
Even in a simplistic sense, duplex soils have a limited soil water storage capacity that, once filled, will 
result in seepage at the surface, contributing to surface runoff or affecting the erosion properties of the 
soil surface (Huang and Laflen, 1996; Darboux and Huang, 2005).  In addition to the probability of 
subsurface flow directly affecting gully erosion in duplex soils, either by soil-piping or seepage, a water 
restricting layer near the surface is more likely to result in rainfall impacting the shear stress, τ, at the 
surface. The role of subsurface flows in gully erosion has been attributed to the decrease in shear stress as 
the soil water tension, ψ, decreases as described by the Mohr-Coulomb equation (Fredlund et al., 1978): 
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    (5) 

 
where  is effective cohesion,  is the net normal stress [  is total stress and  is pore-air 
pressure],  is effective angle of internal friction,  is soil-water suction [  is pore-water 
pressure], and  is effective angle of shearing resistance relative to an increase in soil suction.  
Therefore, the depth to a restrictive layer may be a critical variable in predicting gully locations. This 
restrictive layer may be a genetic feature of the soil, such as an argillic horizon, fragipan, caliche layer, or 
may be anthropogenic, such as a plow pan or depth of tillage. The increase in clay content with depth may 
not be large enough to qualify as an argillic horizon, yet lateral movement may occur. Wilson et al. 
(2007) found that just a 16% increase in clay content caused over two orders of magnitude decrease in Ks 
which resulted in seepage erosion at bank faces.  Heeren et al. (2009) showed that only one order of 
magnitude decrease in Ks between layers was sufficient to cause seepage. Subsoil properties such as 
these have not been incorporated into ephemeral gully erosion models to date.  
 
Research and development are needed to reconcile and build on the best capabilities of all existing 
ephemeral gully models and to develop tractable representations of important ephemeral gully erosion 
processes.  Studies on ephemeral gullies have identified needs for further development, including:  (1) a 
procedure to better determine the ephemeral gully width, (2) improvements for the soil resistance to 
erosion and rate of headcut advancement; (3) ability to represent the effect of root mass and above-ground 
vegetation on erosion resistance; (4) incorporate the effects of subsurface flow on gully erosion; (5) 
ability to identify the initiation point of gullies; and (6) ability to separate sediment measurements at 
gauging stations into sources that represent the erosion process (sheet, rill, gullies, and stream beds and 
banks) and also determine their point of origin. 

Data Bases 
In order to develop a model for predicting the location of ephemeral gullies, a database is needed that 
includes variables describing all of the soil, topographic, climate, and land use components. The model 
may be developed by data mining, using statistical techniques or empirical relationships based on simple 
mechanistic descriptions of the governing processes such as used in STREAM. The problem is the lack of 
a complete database for developing such a model. Databases that do exist may be complete in one 
component, e.g. topographic parameters, but have limited to no data on the other components.  
 
A research team has been formed at the USDA National Sedimentation Lab that will work in 
collaboration with the USDA-NRCS to conduct field characterization of ephemeral gullies. An array of 
measurements will be made to establish a complete database that includes topographic variables, surface 
and subsurface soil properties, land use, and climate variables. Locations with ephemeral gullies will be 
sampled along with adjacent locations without gullies.  

GIS, LiDAR, 2D-RUSLE2 
Appendix A3 presents a working draft of a concept being developed to extend RUSLE2 into a GIS 
context.  Proper identification of potential ephemeral gullies and channels is critical to the success of this 
work because these channels represent the end of the RUSLE2 hillslope length.  Separate calculation of 
erosion in the channel system, using a physically based ephemerally gully model, is needed to supplement 
the RUSLE2 sheet and rill erosion computations.  

Object Modeling Systems (OMS) 
In February 2008, the ARS administrator presented OMS version 2.1 to the NRCS Chief in a hand-off 
ceremony at Washington, DC, and both signed a Memorandum of Understanding (MOU) containing the 
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responsibilities and duties for maintaining the modeling framework over the long term.  During 2008, 
OMS 2.2 added more features to support the ongoing modeling projects. 

Practices to Treat Ephemeral Gully Erosion:  Existing and Innovative  
Nearly 40 watershed studies are currently ongoing through ARS, NRCS, Universities, and others in 
support of the CEAP project.  Their goal is to monitor, document, and research the effects of conservation 
practices on natural resources.  Some of these watershed studies include accounting for ephemeral gully 
erosion, as well as other types of erosion, both at the field and watershed scale.  The efforts to date are 
mostly customized field observations or ad hoc applications of aerial photographic interpretation 
approaches, and limited use of models specifically geared for ephemeral gully erosion prediction and 
analysis.  Final reports of these watershed studies are due in the few next years, and results regarding 
ephemeral gully erosion control and effects of those treatments are still yet to be quantified.  
 
Ephemeral gullies are addressed in a practical sense by land users who fill the gully void with soil 
adjacent to the gully by normal tillage equipment. Gordon et al. (2008) demonstrated that filling-in gullies 
by tillage reactivates ephemeral gully erosion, producing an intermittent step-wise increase in gully 
erosion with time. Numerous conservation practices have been developed and extensively tested for cost 
effectiveness in the control of sheet and rill erosion. However, less research has been conducted on 
developing and testing the cost effectiveness of practices specifically to control ephemeral gully erosion. 
Terraces, grass waterways, and drop pipes applied to ephemeral gully areas have had generally good 
success but can fail if subsurface properties and processes specific to ephemeral gully erosion are not 
properly assessed.  The benefits of installing these practices are not fully accounted for by RUSLE2, and 
such practices can fail catastrophically in a manner that is difficult to predict. 
 
New and innovative practices, such as internal drainage systems, soil strengthening with vegetative 
reinforcement materials, and incorporation of biofibers, need to be tested under a range of conditions that 
include subsurface flow. The USDA-National Sedimentation Laboratory has developed plans for adapting 
their existing research facilities at the Mississippi Agricultural and Forestry Experiment Station (MAFES) 
facilities at Holly Springs for testing innovative control practices. Permission has been granted by 
MAFES for such facilities, and construction will proceed as funds permit.  
 

Conclusions 
It is clear from the literature review that ephemeral gully erosion is a critical problem that significantly 
damages and deteriorates agricultural lands worldwide.  Several abstracts refer to long term degradation 
of agricultural land, even to the point of removing the land from production. Others (Nyssen et al., 2004; 
Valentin et al., 2005; Lui et al., 2009) documented the degree that ephemeral gully erosion reduced the 
soil depth adjacent to the gullies and thereby reduced crop yield. Based on the large number of abstracts 
and associated research focused on ephemeral gully erosion, this is clearly a significant worldwide 
problem to be investigated. 
 
With much recent research on ephemeral gully erosion, it seems the technology is still in the development 
stage.  Much more work is needed, as well as increased cooperation and coordination between 
researchers.   The major factors related to ephemeral gully erosion seem to be so variable across the world 
that addressing ephemeral gully erosion from a physical modeling approach could have the most promise.  
Variation in climate, soil types, farming practices, and topography cause ephemeral gully erosion 
processes to be extremely complex.  The previously listed recommended action items are needed to 
address this complexity.  
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APPENDICES 
 

Appendix A1. CEAP Watershed, Cheney Lake, KS 
 

Cheney Lake Watershed, Kansas—Ephemeral Gully Erosion 
Conservation Effects Assessment Project (CEAP) Special Emphasis 

Watershed 

Significant Findings   
• Approximately 10% of the Cheney Lake watershed contributes 70% of the sediment load to 

Cheney Reservoir.  
• Computer models can predict areas of the watershed that have the highest potential for sediment 

loading.  
• Treating all the ephemeral gullies in the Cheney Lake watershed can potentially reduce the 

sediment load to the reservoir by 35%.  
• Focused voluntary implementation of management practices that reduce soil losses in the areas 

with the highest potential for sediment loading will improve water quality more rapidly and at 
less cost than random implementation of practices across the watershed.  

 
A Task Force created by the Reno County Conservation District prepared a master plan for watershed 
pollution management to reduce phosphorus and sediment and double the life of the reservoir.  
Implementation of the plan began in July l994 under the leadership of the Citizen’s Management 
Committee (CMC) which operates as a subcommittee of the Reno County Conservation District. All 
members of the CMC are farmers and landowners in the watershed. The Cheney Lake Watershed 
incorporated and received status as a 501(c)(3) non-profit corporation in 1998. It is the goal of the project 
management team that the cost to implement management practices on the land will be financed with 
little or no cost to the landowner or operator.   
 
A five-year comprehensive water monitoring study was implemented in the watershed in l996 through a 
partnership arrangement with the City of Wichita, U.S. Geological Survey, and U.S. Bureau of 
Reclamation. A two-year macroinvertebrate study complements the USGS water quality data. All 
AnnAGNPS modeling within this project has been validated and calibrated to the U.S. Geological Survey 
data collected in 1996--2000. 
  
Cheney Reservoir is currently designated a high priority impaired water body under the Clean Water Act, 
with impairments listed for eutrophication and sedimentation. The Citizens’ Management Committee of 
Cheney Lake Watershed has established goals of 40-45% reductions in sediment and phosphorus loading 
for the watershed.  As a Special Emphasis watershed in the Conservation Effects Assessment Project 
(CEAP), the Cheney Lake watershed has been investigated by the Natural Resources Conservation 
Service using the AnnAGNPS computer modeling system. The entire scope of the NRCS investigation 
will determine the effects of the Conservation Reserve Program, tillage practices, irrigation-scheduling 
practices, concentrated but unconfined animal feeding operations, atrazine management practices, and the 
contribution of sediment from ephemeral gullies within this watershed in south central Kansas. This 
publication presents significant findings regarding the impact of ephemeral gullies. 
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Potential Sources of Sediment  
Sediment is a concern within the Cheney Lake watershed with regard to both water quality and to reser-
voir storage capacity. Cheney reservoir was designed to provide sediment storage for 100 years. Sources 
of sediment within this agricultural watershed include sheet and rill erosion, ephemeral gully erosion, and 
streambank erosion. 
  
Sheet and rill erosion is defined as the removal of layers of soil from the land surface by the action of 
rainfall and runoff. Sheet and rill erosion can be erased by tillage practices and the next erosive action 
may form in a different place. Typically sheet and rill erosion creates shallow, parallel channels that are 
uniformly spaced and sized. The Natural Resources Inventory (NRI) estimates for soil loss from sheet and 
rill erosion are calculated using the Universal Soil Loss Equation (USLE) model. Examples of 
management practices to address sheet and rill erosion include conservation tillage, gradient terraces, and 
field buffers. 
 
Ephemeral gully erosion results from concentrated flow upstream from incised channels. Soil is removed 
along a narrow flow path to a depth of a less-erodible layer. These temporary gullies may be obscured by 
tillage but they will reform in the same location at the next rainfall event. As soil is moved into the voided 
area by tillage, an area wider than the actual gully is damaged. Erosion from ephemeral gullies beyond the 
calculated sheet and rill erosion loss are not included in the Universal Soil Loss Equation (USLE) model. 
 
Photos below show the same crop field in the Cheney Lake Watershed on August 26 and October 17 of 
2005. The ephemeral gully in the first photo has been obscured by tillage and planting operations in the 
second photo.  
 

   
Examples of management practices that will address ephemeral gully erosion include grassed 
waterways or shaping and seeding the affected area with permanent vegetation.  

  
Stream bank erosion pertains to the loss of soil from the incised banks of a perennial stream system. 
Stream bank losses are best determined by a physical assessment of the stream system. Treatment for 
stream bank erosion includes some form of bank stabilization.  

Investigation of Sediment Origin  
As watershed residents attempt to reduce suspended solids within the Cheney Lake watershed stream 
system, it is useful to determine the primary sources of sediment. Early modeling efforts in the watershed 
assumed two primary sources – stream bank loss and soil erosion as calculated using the Universal Soil 
Loss Equation (USLE) model.  
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Estimates of stream bank erosion were based on a 1996 investigation by the Kansas Natural Resources 
Conservation Service state geologist. A survey of the North Fork Ninnescah stream system at that time 
determined that less than 15% of the sediment load originated from the stream banks.  When the 
AnnAGNPS model results of the Cheney Lake watershed were validated with U.S. Geological Survey 
stream monitoring data, there appeared to be a gap between the sediment load predicted by the model and 
the actual sediment load measured by USGS. Other outputs predicted by the model were in agreement 
with the USGS data. Figure A1-1 shows the difference in tons of sediment measured by USGS and the 
sediment predicted by the model. On investigation it was determined that the USLE model did not capture 
erosion as a result of ephemeral gullies within crop fields. The hypothesis was that ephemeral gullies 
would prove to be the source of the sediments that were not accounted for within the early modeling 
studies. Within the CEAP investigation, the AnnAGNPS model has been enhanced with the addition of a 
method to account for ephemeral gully erosion. As predicted the results of the CEAP modeling closely 
match the predicted sediment load with the actual measured sediment load.  
 
With this enhancement that includes contributions from ephemeral gullies, the CEAP investigation has 
been able to rank land area within the watershed according to its predicted sediment contribution to the 
overall loading of the North Fork Ninnescah River. Using this ranking, it is possible to see the 
relationship between the percentage of sediment load and the percentage of contributing cells. The graph 
in figure A1-2 illustrates this relationship showing that roughly 10% of the 200-acre cells in the watershed 
are contributing approximately 70% of the sediment load. The graph further illustrates the difference 
between the sediment load when ephemeral gullies are included or excluded from the equation. This 
graph indicates that approximately 35% of the sediment load in this watershed could be eliminated by 
treating the ephemeral gullies.  The relationship between sediment and contributing cells can also be 
illustrated spatially with the watershed map shown in figure A1-3. The areas representing 10% of the 
watershed that contribute 70% of the sediment are shown in purple. Areas of the watershed shown in 
green indicate those areas that are contributing less than the highest 10% but higher than the mean 
contribution. 
 

 
Figure A1-1.  Comparison plots of observed and predicted sediment yield at the USGS gauging 

station (07144780) on the North Fork Ninnescah River above Cheney Reservoir during 1997-
–1999.  
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Figure A1-2.  Sediment Load Contribution by Ranked Unit Areas 

 
 

 
Figure A1-3. Cheney Lake Watershed ranking of sediment load by unit area with respect to the 

watershed outlet. 
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Conclusions—Implications and Application in the Watershed  
The findings of this CEAP investigation could be used to make significant changes in the implementation 
of conservation measures. The CEAP modeling found that 10% of the watershed is contributing 70% of 
the sediment load to Cheney Reservoir. A significant portion of the sediment source is ephemeral gullies 
in crop fields. If all ephemeral gullies within the watershed are treated with conservation practices 
specifically designed to address this type of erosion, the sediment load to the reservoir could be reduced 
by 35%. 
 
The voluntary implementation of conservation practices to address specific sources of sediment in 
specific locations within the watershed will result in more rapid water quality improvement than random 
voluntary implementation of conservation practices. When funding and technical assistance are limited 
the ability to identify and rank the pollutant sources will be critical in focusing assistance in areas that will 
provide the greatest improvements.  
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Appendix A2. Upper Auglaize River, Ohio  
 
EXERPT FROM 

Upper Auglaize Watershed AGNPS Modeling Project Final Report 
February 14, 2005 

 
Prepared For:  U.S. Army Corps of Engineers—Buffalo District 
Prepared By:  TOLEDO HARBOR AGNPS PROJECT TEAM 
 
Authors:  Dr. Ron Bingner, Agricultural Research Service; Dr. Kevin Czajkowski, Michael Palmer and 
James Coss, University of Toledo; Steve Davis, Jim Stafford, Norm Widman, and Dr. Fred Theurer, 
USDA Natural Resources Conservation Service; Greg Koltun, U.S. Geological Survey; Dr. Pete 
Richards, Heidelberg College; Tony Friona, U.S. Army Corps of Engineers 

Ephemeral Gully Issues 
The need to include gully erosion in the model was identified early in the project when it was found that 
model predictions of sheet and rill erosion (even before reductions to account for upland deposition) were 
significantly lower than the volumes of sediment recorded at the Fort Jennings gauge. Streambank erosion 
is not major problem in the Upper Auglaize River, and work performed by USACE in the 1980's 
indicated that streambank erosion on the Cuyahoga River (a river with fairly significant bank erosion 
problems) represented only about 5% of the annual dredging volume at that time (USACE, 1986). 
Furthermore, much of the river has a rock bottom, and analysis of suspended samples indicates that 
roughly 90% of the suspended sediment load consists of clay-sized particles. Therefore, channel erosion 
sources were deemed unlikely to contribute significantly to sediment measurements at the gauge. This left 
gully erosion as the sole remaining mechanism capable of generating sufficient sediment to account for 
the deficit.  
 
Field observations indicated that ephemeral gullies form in many agricultural fields in the watershed, but 
that classical non-ephemeral gullies were not present. For these reasons a decision was made to utilize the 
Ephemeral Gully Erosion Model (EGEM) together with AnnAGNPS to estimate ephemeral gully erosion, 
yield and loading in the Upper Auglaize Watershed. In keeping with the overall watershed modeling 
project goal of locating sources of erosion, gully erosion for each cell was calculated in an effort to place 
and prioritize source areas. The capabilities of the GIS-AnnAGNPS interface made possible the 
development of the required inputs for each of the 1833 cells. Estimated existing gully erosion was 1.772 
tons per acre per year averaged over the entire 211,950 acre watershed, or 375,575 tons per year. A 
delivery ratio of 0.4 was used to calculate the amount of gully erosion entering the stream system (yield) 
from its upland source. Table A2-1 gives a summary of the output from the AnnAGNPS model. 
 

Table A2-1: Summary of ephemeral gully erosion for existing conditions. 
 

Items Amount Units 
Average gully erosion 1.772 Tons/ac/yr 

Total gully erosion 375,600 Tons/yr 
Cell maximum gully erosion 70.350 Tons/ac/yr 
Cell minimum gully erosion 0.000 Tons/ac/yr 

Average gully sediment yield 0.709 Tons/ac/yr 
Total gully sediment yield 150,300 Tons/yr 

Average gully sediment load 0.225 Tons/ac/yr 
Total gully sediment load 476,700 Tons/yr 
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The AnnAGNPS model uses a power curve function of runoff volume to model gully erosion. The inputs 
are the volume of runoff and a coefficient and exponent to apply to the volume. In contrast to this, the 
EGEM is a more physically-based model of ephemeral gully erosion that requires approximately 15 
different parameters for input. EGEM was a more complete and therefore more desirable model for the 
undertaken analysis. However, it is not incorporated into AnnAGNPS and therefore has to be run outside 
the model. 
 
Thus, to model gully erosion in the Upper Auglaize Watershed, there were three possibilities. 1) Model 
erosion by the AnnAGNPS power curve using values for the coefficient and exponent from other studies. 
2) Use EGEM in a stand-alone fashion and be satisfied with not modelling the delivery of gully erosion 
through the watershed stream network to the outlet. 3) Use the AnnAGNPS power curve, but develop the 
power curve for each cell based on the results of running EGEM on the parameters of each cell. The third 
alternative was chosen. Figure A2-1is a picture of an ephemeral gully being formed in a recently tilled 
field. 

 
 

Figure A2-1. Ephemeral gully forming in the Upper Auglaize Watershed, northwester Ohio. 
 
The GIS interface to AnnAGNPS creates the cell data needed for the watershed model. Some of the 
parameters developed by the interface for sheet and rill erosion are the same ones needed for EGEM. 
Thus, area, slope and length parameters were available for each cell from a preprocessing run of the GIS 
interface. The GIS also determined a dominant soil for each cell. This soil was then cross-referenced in 
the NASIS soils database to get a soil texture that determined several needed soil properties. Once the 
parameters were developed, EGEM was run for each cell for a series of rainfall amounts from one to 
seven inches. A power curve was then fitted through the single storm output points, and the coefficients 
and exponents were used as input for the AnnAGNPS gully erosion routine. Calibration of the 
AnnAGNPS model erosion was accomplished through a comparison with the stream gauge data at Fort 
Jennings (located at the outlet of the Upper Auglaize Watershed.) This calibration corrects for some 
inadequacies in the modeling process. For instance, some gully erosion could have been missed due to the 
20-meter DEM not picking up shorter, smaller slopes. Similarly, only the main drainage of each cell was 
considered for gully erosion. In other words, if a cell contained a branched gully, the branches were not 
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picked up by the method used since only the length of the main drainage in each cell was determined and 
used as input to EGEM.  
 
Three types of tillage (conventional, no-till, and “other”, all as provided for by EGEM) were used for 
each cell to calculate the gully erosion expected under different management scenarios. Tillage for each 
cell was assigned randomly on a statistical basis to match the proportions determined from the tillage 
transect data. This same assignment was used for both existing-condition gully erosion and sheet and rill 
erosion. For alternatives considered, again gullies were given the same tillage as assigned to each cell for 
the sheet and rill input data. Table A2-2 shows the number of cells having ephemeral gully erosion out of 
the total 1833 cells in the watershed model. Only cropland cells were considered for gully erosion. 

 
Table A2-2. Number of cells with ephemeral gully erosion 
 

Condition 
# of cells per 

soils and 
topography 

# of 
Cropland 

Cells 
All cropland cells conventionally tilled 1,129 983 

All cropland cells “other” (mulch) tilled 990 843 
All cropland cells no-tilled 562 472 

 
Average watershed erosion and sediment yield attributable to ephemeral gullies for various cropland 
alternatives are given in Table A2-3. Note that the Existing Conditions Scenario B served as the base 
model to which modifications were made for the development of Scenarios C through K. 
 

Table A2-3. Average ephemeral gully erosion for the watershed under various scenarios 
 

Scenarios 

Gully 
Tons/ac/yr 

Reduction1/ from 
Existing Conditions 

Scenario B (%) 

Erosion Sediment 
Yield Erosion Sediment 

Yield 
A All convencional tillage (alt. 17) 3.242 1.297 -83.0 -82.9 
B Existing conditions (alt. 9) 1.772 0.709 0 0 
C 12.1% of highest rate cells converted to no-till (alt. 10) 1.166 0.466 34.2 34.3 
D 17.4% cropland, chosen randomly, converted to no-till, 

additionally 7.6% converted to grass (alt. 16) 
1.404 0.562 20.8 20.7 

E 7.9% of highest slope cells converted to grass (alt. 13) 1.213 0.485 31.5 31.6 
F 25.7% of highest rate cells converted to no-till (alt. 11) 0.816 0.326 53.9 54.0 
G 39.5% of highest rate cells converted to no-till (alt. 12) 0.739 0.296 58.3 58.2 
H 17.4% of highest slope cells converted to grass (alt. 14) 0.773 0.309 56.4 56.4 
I All cropland converted to no-till (alt. 18) 0.562 0.225 68.3 68.3 
J 27.1% of highest slope cells converted to grass (alt. 15) 0.495 0.198 72.1 72.1 
K All cropland converted to trees (alt. 19) 0.000 0.000 100 100 

1/ A minus sign indicates an increase. 
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Appendix A3. 2D-RUSLE2 
 
Following is a description of the RUSLE2 Grid Alternative for predicting ephemeral gully erosion, by Dr. 
Seth Dabney, USDA-ARS National Sedimentation Laboratory, Oxford, MS. 

Goal and Time Line.  
We propose a 2-D field-scale conservation planning tool that couples existing RUSLE2 technology with 
increasingly available LIDAR topographic data.  Unlike the current “representative hillslope profile” 
approaches, this approach will explicitly identify the locations of the highest erosion areas within a field 
or soil polygon.  
 
The tool will correctly determine slope length and steepness for RUSLE2 erosion computations, thus 
eliminating one of the greatest uncertainties and training requirements of using RUSLE2.   
The tool will reproduce current RUSLE2 results for fields without flow convergence or divergence, but 
will also allow RUSLE2 to handle those special situations. 
 
The tool will need no additional data, other than detailed topography, than is currently available within 
RUSLE2 databases, and will require only minor modifications to RUSLE2. 
 
Interface tools are needed to clean up DEMs, identify sinks and potholes, delineate channel networks, and 
delineate management zones. Agren, Inc. is working on the development of these interface tools.  
 
The tool could provide the framework for future refinements such as calculation of tillage erosion and 
ephemeral gully erosion.   

Approach 
We envision development of a web-based application that would access the NRCS Web Soil Survey and 
LIDAR gateways such as http://geotree2.geog.uni.edu/lidar/ which is currently being populated with data 
for the state of Iowa. At the recent SWCS meeting held in Tucson, AZ, presentations indicated that at 
least 16 states were currently in various stages of acquiring and making publically available LIDAR-
based topographic information.  
 
We propose the development of GIS-based tools for identifying and delineating management features and 
flow paths and a shell program that will manage erosion computations, utilizing RUSLE2 (with 
modifications) and its database. The user would follow these steps (Figure A3-1): 
 
Step 1. In a GIS-based interface, select a region of interest from graphical display and the underlying 
LIDAR data would be obtained.  
 
Step 2.  Use a GIS interface with high-resolution data to delineate local sinks (pot holes, tile outlets, 
culverts) and then determine flow paths with tools such as Topaz, TauDEM, or Tapes-G.  By identifying 
local sinks, excessive filling of pot holes and behind terraces can be avoided. An output of this process 
will be a raster network of flow vectors within the region of interest.  The GIS interface will provide tools 
for LIDAR data clean-up and to allow the user to draw lines representing features that modify flow 
patterns.  Flow channels will be determined based on flow accumulation criteria. These channels will 
represent the end of RUSLE2 hillslopes. 
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Figure A3-1.  Operational steps for the 2D field-scale conservation tool. 
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Step 3.  Intersect the final topographic grid with GIS polygons that identify (a) RUSLE2 soil type and (b) 
RUSLE2 managements so that each cell has a defined combination of soil and management.  The result 
will be a small number of zones with unique combinations of soil type and management that will be used 
in the computation of RUSLE2 factors.  
 
Step 4.  Determine the RUSLE2 profiles based on the intersection of flow paths with channels determined 
in step 2.  There will be one profile for each channel cell and each profile may extend upslope from both 
sides of the channel.  
 
Step 5.  Each profile will consist of a sequence of slope segments. Starting with cells that receive no 
runoff from upslope, flow is tracked following the directions determined in step 2 and cell-to-cell 
connectivity. 
 

 
    

0 

0 0 

0 0 

0 

0 0 
0 

0 

0 0 0 

0 

0 

0 

0 0 

0 

0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 0 

0 

0 

0 
0 

0 0 0 

0 

0 

0 0 

1 

1 

1 

1 

1 

1 1 

1 1 

1 

1 

1 

1 

1 1 

1 

1 1 

1 1 

1 

1 

0 

1 1 

1 4 

2 

3 

14 
2 4 7 

16 
20 1 

2 

2 4 

3 2 2 4 2 

3 4 10 19 23 35 
23 

25 
69 

79 
82 

88 

93 

103 

104 

119 
120 

2 

3 9 

2 

6 

5 
2 3 

2 

4 

6 

6 4 

3 

3 

 
Figure A3-2.  Accumulated runoff will be used to determine each cell “L” as the product of cell size and 
the ratio of runoff leaving the cell to runoff generated inside the cell. If soil and management are the same 
in every cell so that runoff per cell is everywhere equal to r, the runoff leaving any cell will be (n+1)*r  (n 
is the number of  upslope contributing cells illustrated in the figure) and L = (cell size)*(n+1). 
 
Step 6.  The equivalent slope length for each cell will be determined by multiplying the grid cell size by 
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the ratio of total runoff leaving the cell to the runoff generated within the cell. If the cell receives no 
runoff from any other cell, this ratio will equal one and the slope length will be equal to the cell size. If it 
receives runoff from upslope, an appropriate L factor will be determined that correctly accounts for 
variation in upslope soil type, upslope management, and topographic convergence/divergence on slope 
length. Figure A3-2 shows the process of runoff accumulation. This is the key step. If the slope is 
uniform, this procedure will return the same L factor that RUSLE2 currently calculates. RUSLE2 uses the 
10-year storm runoff amount to determine transport capacity and sediment deposition. We propose to also 
use it also to determine effective slope length.  
 
Step 7.  A shell program will call a modified version of RUSLE2 to determine erosion for each cell. The 
shell program will pass RUSLE2 the particular hierarchy of segments for each profile, including the cell 
size, steepness, soil, and management. The modified version of RUSLE2 will then compute erosion using 
standard RUSLE2 procedures, starting from the top of the domain, and will track the runoff and sediment 
transport from cell to cell following the flow path sequence specified. The key purpose of the shell 
program is to keep track of the information required by RUSLE2 on a geospatial basis and to set up each 
profile for RUSLE2 processing. RUSLE2 currently operates on the basis of a profile divided into linear 
segments, but the science allows just as well for treating things on a cell basis, if a program outside of 
RUSLE can keep track of the inputs and hierarchy of each cell.  RUSLE2 will then treat each cell as an 
ordinary uniform hillslope segment and compute sheet and rill erosion (or interrill erosion and sediment 
deposition if transport capacity is exceeded). RUSLE2 will use the local slope steepness and slope length 
to determine the P factors for ponding, contouring, and buffers.  RUSLE2 will return the amounts of 
erosion, deposition, and sediment load and characteristics leaving the cell.  
 
Step 8.  Outputs.  The shell program will write output to a GIS layer to display a distributed erosion map 
and will write summary results to specified text, PDF, or spreadsheet formats. These summary results 
could include average soil loss (for P-index and national reporting), and the highest 10% loss on soils 
making up 10% of the field (for conservation planning). 

Coding Requirements 
The above procedures require re-coding of RUSLE2 to allow external input of hillslope segment 
hierarchy.  
 
A GIS interface program will need to be developed to obtain soil and LIDAR data, add flow path 
connectivity (clean LIDAR, if needed), and define RUSLE2 management zones.   
 
The shell program will need to be developed to interface with RUSLE2 to generate profiles and format 
outputs. 

Anticipated Future Enhancements 
Tillage erosion could be calculated (and distributed tillage erosion outputs prepared) if the GIS interface 
allowed the user to specify the directions of tillage operations within the fields. 
 
Ephemeral gully erosion could be determined using procedures outlined by Dabney et al., (2008) by 
linking the runoff and sediment yield delivered to the channel network in step 8 with a channel erosion 
model. The development of the flow network in step 2 would provide the information needed to describe 
the slope and steepness of ephemeral gully segments. 
 
The run-time of the 2D-RUSLE2 could be reduced by computing erosion from a sequence of (10 to 30) 
events distributed throughout the year using procedures described by Dabney et al. (2008) rather than 
doing RUSLE2 erosion and sediment transport calculations for every day of the year. This has only minor 
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effects on computed sheet and rill erosion and makes it possible to directly couple the 2D model with an 
ephemeral gully model. 
 
The run-time of the 2D-RUSLE2 could be further reduced if RUSLE2 were optimized for batch 
processing. 

Reference 
Dabney, S.M., D.C. Yoder, and D.A.N. Vieira. 2008. Predicting ephemeral gully erosion with RUSLE2. 
In Proceedings, The National Sedimentation Laboratory: 50 Years of Soil and Water Research in a 
Changing Agricultural Environment. 3-5 September, Oxford, MS. 



 

44 
 



 

45 
 

Appendix A4. Literature Review Bibliography 

Review Concepts 
In trying to organize the abstracts into manageable groups, the following categories were set up to classify 
the work presented by each abstract.  Of interest to CEAP managers, researchers, model developers, and 
field personnel are: 
 

Category Description Number of 
Abstracts 

1 
Magnitude of the ephemeral gully erosion problem around the world, impacts of 
ephemeral gully erosion in watersheds, ephemeral gully erosion as affected by 
land use, and reporting the amount of ephemeral gully erosion. 

81 

2 Compare amount of ephemeral gully erosion to sheet and rill erosion. 12 
3 Techniques to measure ephemeral gully erosion in fields. 37 
4 Simplified modeling techniques. 19 
5 Complex modeling techniques and theoretical research. 163 
6 Treatment and prevention techniques. 59 

 
Some abstracts cross over into several categories.  Although each abstract was brief, information was 
generally sufficient to place it in the appropriate category.  Some abstracts were not placed in any 
category (these did not directly relate to any of the 6 category topics). 
 
Because identifying the degree of ephemeral gully erosion problems and amounts of ephemeral gully 
erosion around the world is very important, the 81 abstracts included in category 1 above were read in 
more detail, and certain characteristics of these studies were recorded.  If any of these issues need to be 
investigated more, the abstract number in the list of 403 is included in Sub-Appendix A4-1.  These 
abstracts describe specific problems and amounts of ephemeral gully erosion, sufficient to increase 
awareness of the critical situation in which much of the world’s agricultural lands are being damaged and 
deteriorated.   

Countries included in abstracts: 
North America United States 
South America Ecuador, Brazil 

Europe Poland, France, Spain, Russia, Belgium, Portugal, Hungary, 
Scotland, Norway, Germany, Sweden, UK, Italy 

Africa Ethiopia, Tanzania, Sudan, Namibia, Kenya 
Asia China, Japan, Nepal, Singapore 

Oceania Australia 
 
Based on the number of countries listed, ephemeral gully erosion is truly a recognized and researched 
world-wide problem.   

Scale of studies: 
Abstracts were classified as to whether they addressed large watersheds, small watersheds, or field-scale 
problems.  32 abstracts addressed ephemeral gully erosion at the field scale, relatively small drainage 
areas and ephemeral gully erosion networks.  24 abstracts addressed ephemeral gully erosion at the small 
watershed scale.  These were at the farm, multi-field, or small stream scales.  25 abstracts addressed 
ephemeral gully erosion at the large watershed scale. Some of these addressed sediment yield impacts of 
ephemeral gully erosion. 
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Quantitative or qualitative evaluation of ephemeral gully erosion: 
The majority of the abstracts (51) actually estimated a quantity of ephemeral gully erosion either in tons 
or volume. Abstracts reflect a variety of study approaches, measurement techniques, and reporting 
formats.  24 abstracts discuss a qualitative analysis of ephemeral gully erosion where the actual quantity 
was not estimated, but other ephemeral gully erosion characteristics were included, such as length, 
drainage network, description of formation processes, or growth over time,.  Two abstracts included 
estimates of ephemeral gully erosion from models.  Model verification and calibration were not described 
in the abstracts. 

Magnitude of the ephemeral gully erosion problem: 
34 abstracts indicate ephemeral gully erosion is a critical problem which significantly damages and 
deteriorates agricultural land in the study area.  Several abstracts refer to long term degradation of 
agricultural land, even to the point of removing the land from production.  However, based on the large 
number of abstracts and associated research focused on ephemeral gully erosion, a problem or potential 
problem was being investigated. 

What is the definition of an ephemeral gully? 
Nine abstracts (17, 21, 26, 49, 54, 55, 85, 104, 300) have a definition of an ephemeral gully implied but 
not specifically stated.  The nine abstracts refer to measuring and comparing sheet and rill to ephemeral 
gully erosion amounts.  The authors decided where the dividing point is.  Perhaps by reading the entire 
article, the definition will become evident. 
 
Another set of abstracts involve measurement techniques for field investigations. These address data 
collection and analysis in lieu of mathematical and physical process modeling.  These abstract index 
numbers are listed in Sub-Appendix A4-2.  The methods most used to measure ephemeral gully erosion 
are field measurements and from photogrammetry.  Other techniques include topographic analysis 
(DEM), photographs, airborne laser, relating size of ephemeral gullies to measured rainfall-runoff data, 
GPS, and fingerprinting erosion and sedimentation processes with isotopes of cesium and lead.   

Modeling Approaches 
Though the vast majority of the abstracts are qualitative and descriptive, or measure actual amounts of 
ephemeral gully erosion, several include modeling approaches.  Some are regression based, relating 
ephemeral gully erosion to watershed area, slope, etc.  Others consider physically based concepts.  
Several abstracts that could be investigated further are number 72 (EUROSEM), 161, 246 (no model 
name provided), and 249 (LISEM).  More may be learned from these to build a more comprehensive 
model, including greater definitions for inputs and outputs, assumptions and limitations, and their basic 
mathematical procedures. 

Summary 
Based on this cursory review of literature on ephemeral gully erosion, the magnitude of the problem 
around the world is evident.  With much recent research on ephemeral gully erosion, it seems the 
technology is still in the development stage.  Much more progress is needed and more cooperation 
between researchers.  Each abstract showed individual uniqueness and approach.  Several researchers, 
especially based in Belgium, have published significantly more than other research groups.  A number of 
researchers in China have also done extensive research.  The major factors related to ephemeral gully 
erosion seem to be so variable across the world that addressing ephemeral gully erosion from a physical 
modeling approach could have the most promise.  Modeling or predicting ephemeral gully erosion 
processes is extremely complex, recognizing the world-wide variations in climate, soil types, farming 
practices, and topography. 
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Sub-Appendix A4-1.  Index number for 81 abstracts included in category 1 above. 
6, 9, 14, 17, 18, 19, 20, 21, 23, 25, 29, 30, 31, 34, 35, 37, 38, 44, 48, 49, 54, 55, 56, 61, 65, 75, 77, 
79, 82, 83, 85, 90, 93, 94, 105, 108, 109, 110, 111, 122, 125, 132, 133, 138, 149, 150, 154, 155, 
159, 160, 162, 170, 176, 177, 178, 180, 181, 184, 199, 204, 209, 221, 225, 256, 259, 294, 296, 
298, 300, 307, 317, 328, 330, 338, 341, 343, 347, 350, 355, 356, 384. 
 
Sub-Appendix A4-2.  Index number for 37 abstracts included in category 3 above. 
1, 3, 4, ,5, 12, 16, 18, 22, 23, 25, 40, 41, 43, 45, 69, 70, 106, 121, 123, 129, 134, 148, 219, 235, 
236, 237, 238, 252, 264, 265, 266, 286, 343, 345, 355, 356, 365. 

Ephemeral Gully Literature Review Reference List Associated by Abstract Number 
1. Casali, J.; Loizu, J.; Campo, M. A.; De Santisteban, L. M., and Alvarez-Mozos, J. Accuracy of methods for field 

assessment of rill and ephemeral gully erosion. Catena: 2006 Oct; 67, (2): 128-138.  
2. de Oliveira, M. A. Adhesion flow and regressive gully-head expansion in southern Brazil: field experiment 

results. Ascough, J C and Flanagan, D C. Soil erosion research for the 21st century Proceedings of the 
International Symposium, Honolulu, Hawaii, USA, 3 5 January, 2001.  St Joseph, USA: American Society 
of Agricultural Engineers.: 2001: 603-606.  

3. Ritchie, J. C.; Jackson, T. J.; Everitt, J. H.; Escobar, D. E., and Murphey, J. B. Airborne Laser: A Tool to Study 
Landscape Surface Features. Journal of Soil and Water Conservation: 1992 Jan-1992 Feb 28; 47, (1): 104-
107.  

4. Ritchie, Jerry C. and Jackson, Thomas J. Airborne laser measurements of the surface topography of simulated 
concentrated flow gullies. Transactions of the American Society of Agricultural Engineers: 1989; 32, (2): 
645-648.  

5. Jackson, T. J.; Ritchie, J. C.; White, J., and Leschack, L. Airborne laser profile data for measuring ephemeral 
gully erosion. Photogrammetric Engineering & Remote Sensing: 1988; 54, (8): 1181-1185.  

6. Tamene, L.; Park, S. J.; Dikau, R., and Vlek, P. L. G. Analysis of factors determining sediment yield variability in 
the highlands of northern Ethiopia. Geomorphology: 2006; 76, (1-2): 76-91.  

7. Lei TingWu; Zhang QingWen; Zhao Jun, and Nearing, M. A. Analytic method for determination of detachment 
rate of concentrated flow in erosion rills. Acta-Pedologica-Sinica: 2002; 39, (6): 788-793.  

8. Zhang QingWen; Lei TingWu; Gao PeiLing, and Pan YingHua. An analytic method for determining transport 
capacity of concentrated flow in eroding rills. Scientia-Agricultura-Sinica: 2004; 37, (5): 699-703.  

9. Zgobicki, W. Anthropogenic changes of the relief and morphological processes in agricultural loess areas 
(Roztocze Szczebrzeszynskie): Antropogeniczne przekszlcenia rzez by i proceso w rzez botwo rczych na 
terenach lessowych uzythkowanych rolniczo (Roztocze Szczebrzeszyn?skie). Annales Universitatis Mariae 
Curie-Sklodowska. Sectio B: 1998(53): 305-321.  

10. Hanson, G. J. and Cook, K. R.  Apparatus, test procedures, and analytical methods to measure soil erodibility in 
situ. Applied Engineering in Agriculture : 2004; 20, (4): 455-462.  

11. Ionita, I. and Margineanu, R. M. Application of 137Cs for measuring soil erosion/deposition rates in Romania. 
Acta Geologica Hispanica: 2000; 35, (3-4): 311-319.  

12. Blijenberg, H. M. Application of physical modelling of debris flow triggering to field conditions: Limitations 
posed by boundary conditions. Engineering Geology: 2007; 91, (1): 25-33.  

13. Ionita, I. and Margineanu, R. M. Application of <sup>137</sup>Cs for measuring soil erosion/deposition rates 
in Romania. Acta Geologica Hispanica. 2000; 35( 3-4):311-319. ISSN: 05677505. 

14. Capra, A.; Mazzara, L. M., and Scicolone, B. Application of the EGEM model to predict ephemeral gully 
erosion in Sicily, Italy. Catena. 2005; 59(2):133-146. ISSN: 03418162 (ISSN). 

15. Auzet, A. V. ; Boiffin, J.; Papy, F.; Maucorps, J., and Ouvry, J. F. An approach to the assessment of erosion 
forms and erosion risk on agricultural land in the Northern Paris Basin, France. Boardman, J; Foster, IDL, 
and Dearing, JA. Soil erosion on agricultural land Proceedings of a workshop sponsored by the British 
Geomorphological Research Group, Coventry, UK, January 1989.  Chichester, UK: John Wiley & Sons 
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Ltd..: 1990: 383-400.  
16. Badger, J. Are we counting all of the erosion? Soil and water conservation news: 1984 Jan; 4, (10): 5.  
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19. Belyaev, V. R.; Sidorchuk, A. Yu; Golosov, V. N.; Wallbrink, P. J., and Murray, A. S. Assessing the 
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