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1 HISTORY 

1.1 The early years 

Erosion and sedimentation related watershed research is for the most part traceable to the calamitous 
events during the “Dustbowl” of the 1930s. At that time, large areas in the Plain States of the USA (Okla-
homa, Kansas, Western New Mexico, eastern Colorado, and western Texas) experienced serious wind 
storms which removed large amounts of surface soil from plowed-up and dried-out unprotected land. 
While this part of the USA suffered serious agronomic and ecological damage by wind and threatened 
and impoverished to a catastrophic degree the livelihood of the rural population, the south-eastern part of 
the USA suffered severe erosion problems by water from rainfall and runoff especially during severe 
rainstorms on cultivated unprotected sloping land. In response to these conditions, the U.S. Congress, en-
couraged by President Roosevelt, set in motion the legal and technical framework to address these prob-
lems (Bennett, 1939; Römkens, 2010; Burns, 2012).  

Wind erosion brought public attention to these problems in rural America far away from the denser 
populated eastern seaboard where most of the political cloud was concentrated. Water erosion, an equally 
severe problem and closer to home for most of America, received relatively more financial support to ad-
dress this problem. In this article, we will follow the development that took place in the water erosion re-
search area. The Soil Conservation Service (SCS) was established to perform research and to recommend 
and assist landowners and farmers with measures to control soil loss. Initially, the primary focus was on 
on-site monitoring and quantifying soil loss at different locations from natural runoff plots having differ-
ent soil types and different agricultural practices with sloping topography. Erosion control on agricultural 
land consisted mainly of mechanical practices such as contouring, strip cropping, and terracing, and of 
large scale reforestation on degraded gullied land. In the channel system of watersheds sediment move-
ment was monitored at suitable locations. Remedial measures to lessen flooding were channelization, 
thereby often planting the seeds of stream instabilities due to changes in the gradients. The main purpose 
of the SCS was to conserve the soil on upland areas, stabilize streams, and prevent flooding. 
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1.2 The intervening years (1940s-1990s) 

In the 1940s and 1950s SCS’ erosion and conservation research was expanded to include to a limited de-
gree process oriented research and to arrive at predictive relationships for the effect of hydrology, topog-
raphy (Zingg, 1940), soil type (Olson and Wischmeier, 1963), and agronomic and mechanical practices 
(Wischmeier, 1960). During this period the well-known Universal Soil Loss Equation (USLE), a regres-
sion equation based factor relationship, was developed that had a major impact on soil conservation prac-
tices and recommendations. The updated versions of this relationship are today the main tools for conser-
vation management programs on upland areas. Since 1954, the Agricultural Research Service (ARS) has 
been assigned the soil erosion and conservation research program, while the SCS maintained its role of 
implementing conservation practices at the farm and watershed level. The early research consisted of col-
lecting data at a multitude of locations without much national coordination.  

In the 1960s the USLE underlying factor relationships were developed and improved. The physics of 
erosion processes became the subject of many research projects. The use of rainfall simulators (Meyer 
and McCune, 1958; Swanson, 1965) became an important part in the erosion research program, which 
shortcut many of the otherwise long-term soil erosion studies and could evaluate in a relatively brief peri-
od the effectiveness of soil conservation practices. Also, the study of erodibility in relation to soil proper-
ties took center stage ( Olson and Wischmeier, 1963; Barnett et al., 1965; Wischmeier and Mannering, 
1969). It climaxed in the development of the soil erodibility nomograph (Wischmeier et al., 1971). 

In the 1970s soil erosion mechanics on upland areas, signifying the beginnings of process and analyti-
cal approaches in soil erosion research, became of major interest. Of particular significance were the in-
troduction of new concepts on upland areas such as rill and interrill erosion (Foster and Meyer, 1975) and 
the concepts of detachment and transport limiting processes, first introduced by Ellison (1947), and math-
ematically further developed by Meyer and Wischmeier (1969) and Foster and Meyer (1972, 1975). The 
advent of computer technologies for both statistical and deterministic analyses and calculations, facilitat-
ed model development of complex processes and provided better insight and interpretation of soil erosion 
and sedimentation processes. At the same time, the USLE was improved and has remained the primary 
tool for guiding and managing upland conservation practices in water erosion prone agricultural water-
sheds. The usefulness of the USLE was strengthened by its large database that was collected since the 
1930s and involved hundred thousands of data points representing many spatial and temporal conditions, 
details of hydrologic events, soil types, topographic conditions, cropping systems, etc. The 1970s was al-
so a period in which water quality issues became of concern and in which sediment, because of its volu-
minous nature was a large component (Stewart et al., 1975).  

In the 1980s process erosion models such as WEPP (Water Erosion Prediction Project) were developed 
within USDA-ARS (USDA, 1995). The premise was that a better scientific basis for predicting and con-
trolling soil erosion would be obtained for predicting soil erosion on upland areas and for conditions not 
or inadequately covered by the USLE. So, there was this parallel effort of improving the USLE as a land 
management tool while at the same time efforts were under way to develop processed based research 
models. The USLE and WEPP were primarily hill-slope models. The USLE was updated twice in 1965 
(Wischmeier and Smth, 1965) and in 1978 (Wischmeier and Smith, 1978) and became in 1997 the Re-
vised Universal Soil Loss Equation (RUSLE) with the publication of Agricultural Handbook 703 (Renard 
et al., 1997). Since that time, the more recent and scientifically improved and technically superior 2008 
version, known as RUSLE2 can be accessed on the Home page of the NSL. RUSLE2 has added capabili-
ties. The USLE can only be used in cases where erosion takes place and is not applicable to situations 
when sediment deposition occurs. RUSLE2 can be applied on upland areas with both erosion and sedi-
ment deposition problems. RUSLE does not address ephemeral or permanent gully erosion. The huge ad-
vantage of the RUSLE2 model is the large database that was used to developed this model, the scientific 
thoughts behind this model, and the simplicity of the model with look-up tables that readily can be used 
by field technicians trained in the use of this model.  

The 1980s was a period with great interest in developing agricultural watershed scale models for up-
land areas. That interest came to fruition through models such as AGNPS (Agricultural Non-Point Source 
Pollution Model) and AnnAGNPS (Annualized AGNPS). Also, the basin scale model SWAT (Soil Water 
Assessment Tool) was developed. These models were actually developed as water quality models but do 
contain erosion and sedimentation components. AGNPS (Young et al., 1985) is a continuous simulation 
surface runoff model designed to predict non-point source pollutant loadings within agricultural water-
sheds. AnnAGNPS is a distributed parameter, continuous simulation, watershed scale, pollutant loading 
computer model developed jointly by USDA-ARS and USDA-NRCS and written in standard ANSI 
Fortran 95. SWAT was developed by USDA-ARS and Texas A&M University to quantify the impact of 
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land management practices on water, sediment, nutrient and pesticide yields in large, complex watersheds 
(Neitsch et al., 2011). It is a direct outgrowth of the SWRRB (Simuilator for Water Resources in Rural 
Basins) model developed by Williams et al. (1985) and Arnold et al. (1990) and contains features from 
several ARS models such as CREAMS (Chemical, Runoff, and Erosion from Agricultural Management 
Systems (Knisel et al, 1980), GLEAMS (Groundwater Loading Effects on Agricultural Management Sys-
tems (Leonard et al., 1987)), and EPIC (Erosion-Productivity Impact Calculator (Williams et al., 1995)). 
These models are widely used. 

Another first of its kind research at the NSL was agro-ecological research in agricultural watersheds. 
This work was conducted in the drainage channels of the major flood control reservoirs in northern Mis-
sissippi and the Oxbow Lakes or cut-off arms of the Mississippi River and its tributaries in the lower Mis-
sissippi River Delta. This research related water quality to runoff, sediment, and associated agri-
chemicals and nutrients on ecology of plankton and benthic macro-vertebrate in the stream system of the 
Mississippi Delta agricultural watersheds. The Mississippi Delta agricultural watersheds are known to 
have received for many years large amounts of pesticides and herbicides during the cotton production era 
(Cooper, 1984). Many of the streams draining Bluff line watersheds along the Mississippi Delta were un-
stable and had severely eroded ever since these watershed were put into production during the 19th and 
first half of the 20th century. These channels were in many places silted up and created serious flooding 
and sedimentation problems in the Mississippi Delta. The remedies consisted of large scale reforestation 
of the slopes and degraded upland areas, channelization of the bottomland streams, and conservation 
measures on agricultural land. However, more vigorous measures had to be taken to stabilize the streams. 
The solutions consisted of hydraulic flow control structures, check dams, drop structures under the provi-
sions of the DEC (Demonstration Erosion Control) Project. This project created an opportunity to stabi-
lize the stream banks and utilize the pools constructed near the control structures to improve the habitat 
for fish and wildlife (Cooper and Knight, 1987; Knight and Cullum, 2014). Thus, what was designed to 
prevent flooding through stream stabilization, also had a beneficial effect of improving the ecology of the 
stream and channel system as a whole.  

Channel erosion research has not received the highly integrated, systematic, and sustained approach 
per se seen in erosion research on upland areas. Much of the SCS data of earlier years have not been 
summarized, published, or collectively analyzed as was done with the data from natural runoff plots on 
upland areas that were deposited in 1954 at the Runoff and Soil Loss Center at Purdue University. Sub-
stantial research efforts were made in sediment transport in laboratory flumes at the NSL. That work was 
mostly designed to obtain a better understanding of sediment movement in relation to flow regimes and 
sediment characteristics. Some research was done on stream bank stability and protection, control struc-
tures, and sediment deposition in lakes and the stream system. Most of this work was of an experimental 
nature and was designed to monitor sediment movement under various flow regimes and to arrive at im-
proved measurement techniques. Few readily useable transport relationships were obtained.  

1.3 The recent years (2000-present) 

In the 1990s and 2000s a number of erosion and transport research models were developed and improved 
that were aimed at special needs and involved different erosion and sedimentation issues. In the upland 
area, RUSLE2 received considerable interest when the utility and effectiveness of the erosivity factor was 
improved by introducing the concept of erosivity density. In this case, a huge variability that would be ob-
tained if erosivity for locations were computed based on extreme precipitation events at a given point in a 
measuring location. With the erosivity density concept, a more uniform value for an area could be ob-
tained (USDA, 2008).  

The soil erodibility evaluation for certain soils did not change very much. The soil erodibility nomo-
graph (Wischmeier et al., 1972) still is considered to be the best tool, although the bell-shaped erodibility 
relationship (Römkens et al., 1986; Römkens et al., 1997) expressed as a function of the geometric parti-
cle diameter may be preferred when dealing with global soils for which no direct or measured values are 
available. Its strength is related to the fact that the geometric particle of the soil diameter reflects a trans-
portability characteristic. Also, broadening RUSLE2 from a 1-dim. to a 2-dim. erosion equation ( Dabney, 
2012) will give RUSLE2 a greater degree of accuracy and relevancy. 

Other models and projects developed since the mid 1990s were mostly for applications at the water-
shed scale and emphasized water quality issues. These were MDMESA (Management Systems Evalua-
tion Area, CEAP (Conservation Effect Assesment Project), TMDL (Total Maximum Daily Load), MRB 
(Mississippi River Basin), and LTAR (Long Term Agro-ecological Research).  
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The MSEA projects, established in 1989, were applied to 8 important but diverse agricultural areas in 
response to a National Presidential Initiative on Water Quality to improve and conserve America’s water 
resources with as objectives: (1) to protect groundwater resources, and (2) to develop and seek water 
quality programs and alternative practices to address runoff contamination (USDA, 1994). The Mississip-
pi Delta was chosen because it represents an special physiographic area that is an open system in the win-
ter time and a closed system during the crop producing period, with a nearly level topography, high water 
tables, high rainfall (135 cm/annum) fertile medium to heavy soils, non-existent subsurface drainage, in-
tensively cropped with row crops, and high usage of agri-chemicals for pest and weed control. This pro-
ject was concluded in 1996.  

CEAP is a multi-agency U.S. Government project that was initiated in 2003 to quantify in a scientific 
manner the environmental benefits of conservation practices by landowners participating in USDA’s con-
servation programs (SWCS, 2006). After having spent hundred millionths of dollars on conservation pro-
gram, no reliable database was available to quantify the effectiveness of these programs. The program 
consisted of two components: (1) a National Assessment, and (2) small watershed studies involving ARS 
benchmark, special emphasis, and competitive grants watersheds. The program is still on-going.  

TMDL is a regulatory term defined in the U.S. Clean water Act of 1973, section 303(d) as the maxi-
mum amount of a pollutant that a water body may receive from all sources and still meets the water quali-
ty standards for its intended use. There may be TMDLs for pathogens, chemicals heavy metals, etc. in-
cluding sediment. A water body is said to be impaired if a TMDL is exceeded and remedial measures 
must be taken to address the situation. 

MRB is a 4-yr $ 320 million initiative by the U.S. Secretary of Agriculture to address water quality, 
wildlife, and natural resource conservation concerns in the 1.2 million mi2 Mississippi River Basin. Farm 
runoff is the most significant contributor to the 1.57 million metric tons of nitrogen flowing into the Gulf 
of Mexico annually. Nitrogen is the principal cause of the hypoxic zone (dead zone) development.  

LTAR represents a long-term agro-eco system research network of watersheds that will provide 
knowledge for sustaining agricultural productivity and eco-system services to society. This network will 
require and demand a productive and economically viable agriculture that is safe, environmentally sound, 
and socially responsible (Walbridge and Shafer, 2011). It is composed of watersheds that have research 
productivity, infra-structure capability, data availability and accessibility, geographic coverage, research 
partnerships, and institutional commitments.  

The above projects and programs involve to different degrees erosion, sedimentation, and conservation 
models, calculations, and practices. They are integrated with water quality and ecological objectives and 
goals. Some of them overlap, but together they express a dynamic agriculture sensitive to the sustainabil-
ity of food, feed, fiber, and fuel production in harmony with an ecological environment. 

With the onset of improved digital computer technology, sophisticated computational numerical solu-
tions and models have been developed that can approximate to a very reasonable degree the accuracy of 
sediment and water movement in a complex stream system and geomorphic conditions. Of particular sig-
nificance are the basic 1D-, 2D-, and 3D-NCCHE numerical computational models developed by the Na-
tional Center for Computational Hydroscience and Engineering (NCCHE) at the University of Mississippi 
which was established in 1982, continually supported since 1989 with Congressionally mandated funding, 
and administered under the auspices of the Agricultural Research Service by the NSL (Wang and Hu, 
1992; Jia and Wang, 2001). With this mandate, the scope of the research mission of the USDA-ARS ex-
panded greatly and entered into a new era heretofore unknown in the annals of ARS. These basic models 
and their problem-specific application derivative models are capable of predicting flow and sediment 
movement in stable and unstable stream systems with open boundaries and have the potential capability 
of predicting complex flow regimes and dynamic boundaries. Of immediate interest is their application to 
stream system of watersheds with a variety of flow and streambed conditions, including the simulation of 
flood waves and the concomitant movement of eroded and suspended sediment in cases of dam failure of 
both catastrophic (sudden collapse) or gradual failure in nature or in planned dam removals. Likewise, 
these models can be used to project and predetermine sediment movement in the upstream and down-
stream sections of the stream system during and following the removal of functionally outdated dams. Of 
particular value in this era of climate change are the ability of these models to predict the flow regime in 
real time, the capability to predict the progression of flow waves in terms of height, distance, and veloci-
ty, and thus the capability of offering under certain circumstances the possibility of developing an early 
warning system in case of dam or levee failure. The possibility of this capability is enhanced by the paral-
lel development of geo-technical methods by the National Center for Physical Acoustics of the University 
of Mississippi (NCPA), also funded by a Congressional mandate through the ARS NSL, to determine, 
among other things, the stability conditions of earthen dams, and ultimately to assess the potential for 
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failure (Hickey et al., 2014). The NCCHE-models also offer great potential in water quality research by 
following the movement of point and non-point pollutants through the watershed stream system, and es-
timating their abatement if combined with time dependent and natural decay rate processes. They are also 
very useful for Action Agency in devising policies regarding permissible discharges, evaluation of chem-
ical hazardous conditions and spreading of pollutants in surface waters. 

Other models that have been developed in-house in recent years and that address the stability and ero-
sion of the stream channels per se within watersheds, are CONCEPTS and BSTEM. CONCEPTS (CON-
servational Channel Evolution and Pollutant Transport System) is a computer model that simulates the 
evolution of incised streams and evaluates the long-term impact of rehabilitation measures of stream sys-
tems of reducing sediment yield (Langendoen, 2000). It simulates unsteady, one-dimensional flow, grad-
ed sediment transport, and bank erosion processes in stream channels. 

BSTEM (Bank Stability and Toe Erosion Model) can calculate critical conditions for stream bank sta-
bility and involves knowledge of the soil shear strength, effective cohesion, pore water pressures, and the 
effective internal angle of friction (Simon et al., 2011; Simon et al., 2000).  

2 SELECTED AREAS OF KNOWLEDGE GAPS AND RESEARCH NEEDS 

Tremendous progress has been made in soil conservation at both the field and watershed scale since the 
“Dustbowl” days of the 1930s. This is especially true, if one reflects at the magnitude and complexity of 
the problems that then existed and compare those with the current situation in the erosion prone areas 
where now fields are covered with crops and where streams are now incised stable systems. Nevertheless, 
continued vigilance is needed not to relapse into the situation ante the dust bowl. Now, water resources 
have become more scarce due to higher demand by a growing population, excessive harvesting of 
groundwater resources for domestic and industrial use, and for irrigation. Also, global climate change is 
affecting in many places the precipitation regime. Precipitation may change in intensity and become more 
irregular, causing longer and more periods of severe drought in some places and flooding in others. There 
are many other issues and impediments that affect the sustainability of agricultural production besides the 
efficiency in the application of conservation practices. Society should promote a holistic approach to our 
agricultural water resource problems at the watershed scale, such as the efficiency of water use in deficit 
areas, wider use of drip irrigation, groundwater recharge, plant breeding of water use efficient cultivars, 
use of water stored in reservoirs by improving controlled release and diversion to areas in need of water. 
In areas with surplus water, water should be stored in streams, reservoirs, lakes, or as groundwater, and 
only then to be discharged when a point of need or critical conditions are reached. Special areas of con-
cern are: 

2.1 Improved water management 

Crop production and erosion control are interlinked. The most desirable situation is one where optimum 
conditions exist in water supply to the crops during the entire growing season. In that case, biomass pro-
duction is at a optimum yielding the most cover through canopy development and potential residue for 
protecting the soil surface from the destructive impact of rainfall and runoff. Plant breeding research 
needs to be done to enhance biomass production of crops that would serve better erosion control. Pro-
posals to use biomass as an alternate fuel source, a common practice in the developing world, could be 
very detrimental to erosion control if the needs for fuels are not carefully balanced against the residue 
needs for protecting the land surface from erosion.  

2.2 Improved knowledge of surface-subsurface water relationships at the 2-dim. watershed scale 

Water is the vector in erosion processes, whether as rainfall, surface flow, or as seepage. It is important to 
know what fraction of incident rain is available for plant growth, what fraction accrues to groundwater, 
and how much of it contributes to erosion and sedimentation processes by rainfall, runoff, or seepage, and 
at what location on the field and in the watershed. 

2.3 Seepage and seepage gradients 

Relatively little research has been done on seepage erosion. Yet, the effect of seepage on erosion process-
es can be very substantial through gradients at the soil-water-air interface where soil particles may be de-

23



tached or in causing hydraulic pressures exerted on bulk soil (stream banks). Soil water pressures may es-
pecially be relevant in gully development and growth, a major mode of soil erosion on sloping land. 

2.4 Runoff on irregular surfaces 

Most erosion prediction models assume 1-dim. flow with uniform or segment-wise uniform slope gradi-
ents. The reality is quite different. The RUSLE2 prediction models is being modified to predict erosion on 
a 2-dim. surface using a spatial approach from cell-to-cell segments for runoff similar to the one used in 
the AnnAGNPS model in routing surface runoff . 

2.5 Gully erosion  

The most challenging aspect of upland erosion and sedimentation research is an inadequate understanding 
of the effect of surface and subsurface flow on ephemeral gully and gully development. EGEM (Ephem-
eral Gully Erosion Model (Merkel et al., 1988)) simulates a single ephemeral gully on a planar surface, 
which is not realistic in field applications. Surface discontinuities, concentration of surface flow, subsur-
face flow regimes, and tillage marks from implements makes it extremely difficult to come up with relia-
ble and consistent values of soil loss from upland areas .The recent development of LIDAR technology 
and improved photogammetry (Wells et al., 2013; Gordon, 2012) capable of measuring accurately x-, y-, 
and z- dimensions even on deeply incised and gullied watersheds, should facilitate the development of an 
improved gully erosion predictive relationship. 

2.6 Process specific soil erodibility values 

These values and soil variability are complicated factors in determining soil loss from fields. Depending 
on the erosion agent, the soil response varies and different soils react differently to different agents. No 
universal soil property has yet been identified though the geometric particle diameter is probably the most 
important one as it represents to a better degree the transportability characteristic of sediment in runoff. 
Besides intrinsic soil properties, soil surface conditions due to antecedent soil water history and manipula-
tion also affect the erodibility values. 

2.7 Freezing and thawing 

The effect of freezing and thawing on soil erosion has hardly been studied. Large portions of the northern 
hemisphere are covered by frozen soil for a substantive part of the season. While the underlying physico-
chemical principles have been known for many years, their relevancy in erosion processes, have not been 
considered.  

2.8 Sedimentary fluid mechanics 

Sediment movement is usually related to the flow regime and particle size characteristics in channel flow. 
Little is known how the interaction of sediment particles affects their movement. Experimental and ana-
lytical research by Prasad et al. (2009) of movement of coarse size particles in steady uniform shallow 
overland flow has indicated that the transport capacity is appreciable affected by the concentration of the 
transported particles and that the initial uniform movement degenerates into a wave and meander form. 
How finer size soil material affects sediment movement in shallow or bulk flow is unknown.  

2.9 Intellectual Input 

Progress to improve our prediction capability will become more and more dependent on a workforce that 
is capable of handling the challenging and difficult fundamental subjects. While modeling is the manner 
in which knowledge is put together and may ultimately be the tool one is looking for in conservation 
management, the understanding of the system in detail is a must if one wants to be able to relate outcome 
to cause. With the budget cutbacks that have been sustained time and again in the USA, with past re-
strictions on foreign travel, and with less than the needed intellectual input in our research program, the 
U.S. is losing its eminence and leadership in erosion and sedimentation research. 
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3 CONCLUDING OBSERVATIONS 

The complexity of erosion and sedimentation processes is self evident. Today, the focus in erosion and 
sedimentation research is for the most part on the development of predictive models that can be used for 
conservation practices, hazard prediction, environmental concerns, etc. at the watershed scale (AnnGNPS, 
SWAT, etc.) and ephemeral gully erosion and sediment transport in the stream system. Also, research 
emphasis is changing and is shifting from the 1-dim. situation for which most of the erosion and sedimen-
tation existing relationships have been derived to the 2-dim. case in which a concomitant increase in the 
complexity of the models is experienced.  

The professed policy and emphasis of USDA-ARS funding is to conduct research on problem solving 
in preference to fundamental aspects of erosion and sedimentation research. However, it would be illuso-
ry to think that one can conduct indefinitely problem solving research without studying the underlying 
fundamental aspects. In addressing the practical needs, two major impediments are encountered: 
(1) Inadequate research funding has been encountered in recent years with the prospect that this will not 

improve much in the near term. Funding shortfall is currently being experienced across all research ar-
eas traditionally funded by the U.S. Government. Therefore, it is expected that research progress will 
be severely hampered.  

(2) Inadequately trained scientists in the USA in the STEM (Science, Technology, Engineering and 
Mathematics) subjects that have the training and background to handle these complex research subjects 
in an increasingly complicated subject matter. 
The research thrust in the natural resources area of USDA appears to be changing. There is increasing 

concern about the adequacy of the water supply in many parts of the country, especially in the southwest-
ern U.S., but also elsewhere. Increases in population, increasing needs for water in agricultural, commer-
cial, industrial, and public use, and changes in the availability of water due to global climate change, will 
invariably further stress access to the limited supply. Erosion and sedimentation research may have to 
take a back seat in the competing interests for the limited financial research resources. On the other hand, 
the experiences learned in pursuing erosion and sedimentation research, the models that were developed, 
and agricultural practices learned in times past can also be used to a considerable degree in addressing 
water management needs.  
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