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History of erosion research at USDA-ARS

• Pre-ARS era: 
• Earliest erosion research experiments Sampson and associates, 1912 

overgrazed rangeland Utah; Miller, 1917 first plot experiments in Missouri
• 1930s Dust Bowl era, soil erosion brought to national attention under 

advocacy of Hugh Hammond Bennett, congress funds soil erosion research
• 1933, Soil Erosion Service (SES, USDOI)  1935, Soil Conservation Service 

(SCS, USDA), erosion control demonstration + assistance + research, etc.
• 1940s early equations linking erosion to slope, crop and conservation 

practices (i.e. Zingg, 1940; Smith, 1941)
• 1953, USDA-ARS as the primary research agency early work on 

erosion
• 1954, National Runoff and Soil Loss Data Center at Purdue University 

under the direction of Walt Wischmeier



History of erosion research at USDA-ARS

• 1965, empirical erosion equations developed:
• Complete Universal Soil Loss Equation (USLE) technology published by Wischmeier

and Smith
• Wind Erosion Equation (WEQ) by Woodruff and Siddoway

• Late 1970s, Early developments in process-based modeling of soil erosion 
by water (e.g., Negev’s equation in 1977, inception of CREAM model 1978), 
incorporates decades of fundamental research

• 1992, Revised USLE (RUSLE)
• 1990s – early 2000s, Transition from empirical to process-based models 

accelerated (RUSLE2 development initiated in 1993, Water Erosion 
Prediction Project – WEPP,  1995, Wind Erosion Prediction System – WEPS, 
2005, Rangeland Hydrology and Erosion Model – RHEM, 2006)



Current state of erosion prediction at USDA-
ARS
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Current state of erosion prediction at USDA-
ARS
• Vast body of fundamental and applied 

research on soil erosion processes 
disseminated in a variety of models

• Varied approaches  variability in 
predictions across models  challenges 
when predictions are used for policy

• At September 2019 meeting between ARS 
and stakeholders (NRCS, US Forest Service) a 
strategic plan was imagined  for a more 
integrated soil erosion research and 
modeling program



Goal1: Advance wind and water erosion 
science
• Dynamic soil erodibility concept (influence of 

time, subsurface hydrology, topography, 
extrinsic factors, etc.)

From Al-Hamdan (2012)



Goal1: Advance wind and water erosion 
science
• Sediment transport and 

deposition related to 
spillway and dam failure 
processes

• Improve understanding 
and incorporate scale 
processes (connectivity 
concepts), channel 
initiation, etc.



Goal1: Advance wind and water erosion 
science
• Unified wind and water erosion 

modeling framework
• Coupling between wind - water erosion



Goal1: Advance wind and water erosion 
science
• Wind and water erosion Interaction with nutrient cycling (effect on 

sink/source pools)
• Improve irrigation-induced erosion modeling
• Re-evaluation of the concept of soil loss tolerance 
• Short- and long-term 
data networks (e.g., LTAR)
integrating a range of 
novel technologies (tracers,
3D reconstruction, etc.)



Goal 2: Improve climate model for erosion 
prediction
• Must be able to simulate past, present and future climate conditions
• Integration of traditional weather stations, gridded products (remote 

sensing, ground-based radar, etc.) and AI / ML
• Backward compatibility with existing databases 
• Ability to separate long-term 
variability (e.g., Atlantic Multidecadal
Oscillation) from climate change and 
inter-annual variability

Source: https://climatedataguide.ucar.edu/climate-data/atlantic-multi-
decadal-oscillation-amo

USLE storm data



Goal 3: Quantify factors affecting erosion
• Natural and anthropogenic factors on wind and 

water erosion
• Tillage (random, oriented roughness)
• Vegetation-erosion coupling / grazing / improved plant 

growth models
• Fire effects short- and long-term
• Winter processes (e.g., snow melt, transient erodibility)



Goal 4: An integrated wind and water erosion 
prediction system
• Unify core science, process components and reporting
• Include wind-water interactions
• Temporal and spatial flexibility 
• Modular components for easy integration with other models (e.g., 

facilitate support for climate or plant growth model alternatives)
• Clearly quantify and communicate uncertainty
• Flexible interface to suit diversity of end users



Building future research capacity

• Identify and preserve continuity in wind and water erosion knowledge 
and expertise across the agency

• 50% of ARS scientists conducting wind and water research eligible for 
retirement as of 2020

• New scientists are needed across many disciplines
• Need to strengthen capacity in emerging technologies such as AI, ML 

and sensor networks for soil erosion modeling
• Need to enhance cooperation between ARS scientists, NRCS, 

University partners, Forest Service, and other national and 
international stakeholders



Building future research capacity

• Necessary research will be spread across multiple research units
• Teams to be formed around common goals
• New research project across different ARS National Programs

• Additional resource needs to succeed:
• 26 new scientist positions 
• US$12 million base fund increase 



Thank you
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