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For over 5 decades, ARS has been a leader 
in wind erosion model development

• 1965 – WEQ (Woodruff and Siddoway)
• 1998 – RWEQ (Fryrear et al.)
• 2008 – WEPS (Skidmore et al.)

These were cropland models for uniform 
bare, cropped, or residue covered fields



Rangelands are not uniform surfaces
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In the last decade rangeland wind erosion:
• Tripled in New Mexico 
• Quadrupled in Texas  
• Increased to a lesser degree in: Arizona, 

Colorado, Kansas, Nebraska, Utah,        
and Wyoming 
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Could this be due to shrub encroachment 
into arid and semiarid grasslands?



In April 2012 we initiated a study to measure 
horizontal mass flux and, hopefully, 
redistribution in SE New Mexico
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Big Challenges for Aeolian Research

How can aeolian research, including measurements, monitoring and 
models, be improved  to have greater relevance and impact for policy, 
planning and decision making?

Accelerated wind erosion, soil loss, croplands, dust emission, air quality, land 
use change, land cover change, desertification, climate change mitigation 
and adaptation, agricultural intensification, rangelands, transportation, land 
degradation, deserts, dust on snow, energy development, off-road 
recreation, military activity, drought…

Global dust emission, transport and deposition fluxes

[Shao et al. 2011]



Dust Emission Models
(generalizable, lower fidelity)

Wind Erosion Models
(high fidelity, not very generalizable)
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Output = Soil  Loss Output = Horizontal mass flux (Q)
Output = Vertical mass flux (F)

Processes related, but different. We currently have no robust models for predicting 
sediment flux AND soil loss across land use and land cover types.

No generalizable model that meets user needs.



Models not tested across land use and land cover types –
model uncertainty unknown.
• Data appropriate for calibrating and testing models available from few locations.
• Data represent point measurements, often in a bare agricultural field.
• Models rarely tested for different vegetation structures, distributions, and soil textures 

and surface conditions.



A Solution: Long-Term, Standardized and Networked Aeolian 
Research.

Implications for Management and Policy

• Robust models and monitoring methods are needed to support wind erosion 
management and policy decisions.

• Models and methods need to meet user needs:
• Provide relevant outputs
• Provide measure of uncertainty

• Supported by field measurements that enable:
• Improved understanding of process
• Using statistically robust sampling designs
• Long-term data collection and analyses
• Across land use and land cover types under different management 



winderosionnetwork.org

Motivation:  
• Establish a National Wind Erosion Research Network to address critical 

challenges for aeolian research and management in the US.

Objectives:
• Support basic research underpinning models and management.
• Improve availability of decision-support tools for managers/agencies.
• Facilitate collaboration to increase impact of science, planning and policy.

Implementation:
• Largest, most geographically diverse (LULC) network for long-term aeolian 

research.
• Standardized methods.
• Intensive and robust sampling design.
• Open access.

The National Wind Erosion Research Network



Network Partners
USDA Agricultural Research Service, Natural Resources Conservation Service
• Develop knowledge (science) and technologies to support sustainable agriculture and 

ecosystems.
• Investigate land use, land cover change, climate change impacts on soil resource and 

agricultural production.

Bureau of Land Management and US Geological Survey
• Managing soil loss, dust emission (air quality), impacts on ecology and society on 

multi-use public lands (grazing, energy development, recreational activities)

Department of Defense
• Decision support tools – numerical weather prediction.

Integrated with the USDA Long-term Agro-ecosystem Research (LTAR) network.



Current National Wind Erosion Research Network Sites





• A standard methods protocol was developed for the Network.
• The protocol defines:

• Site instrumentation
• Sampling design and data collection methods and frequencies
• Data storage and management.

Network Standard Methods Protocol

Standardisation of the measurement methods and data analysis is important for 
cross-site assessments of wind erosion controls and processes.



Network Standard Methods Protocol
Standard meteorological methods: 
• Consistent with WMO standards.
• Follow conventions adopted by the aeolian research community.

Standard vegetation and soil methods selection criteria:
• Simple, rapid and repeatable without bias.
• Nationally adopted by the NRCS (NRI) and BLM (AIM) for monitoring.

DIMA
Database for Inventory, Monitoring & Assessment

Supporting data collected at >30,000 
locations across the United States



A stratified random sampling 
design to measure the 
horizontal sediment mass flux 
(Q) at each site.

• Reliable estimate of 
transport rates to establish 
model uncertainty.

• Confidence in measure of 
transport within and among 
land use/land 
cover/management types.

• Spatial measure of transport 
needed to develop model of 
EN.

Site Instrumentation Layout and Sampling Design



10 m instrument mast on which are 
mounted:

• Six anemometers
• One wind vane 
• Three air temperature sensors
• Relative humidity sensor
• Data logger enclosure
• Solar panel
• Rain gauge (tipping bucket)
• Sensit – saltation flux sensor
• Time-lapse camera
• Communications antenna

Meteorological
Measurements



• Vegetation data:
• Cover
• Distribution
• Height

• Soil surface properties.
• Photo points.

• 3 x 100 m transects.

• Measured 4 times per year.

• Relate to directional 
aerodynamic roughness (z0) 
at each site.

Vegetation Transects – LPI, Canopy Gap, Height



Data Management and Data Portals

Network data managed at the 
Jornada Experimental Range, 
NM.

Meteorological data
• Wireless transfer
• Near real time availability
• Open access

All other data
• Access database – DIMA
• Available to collaborators
• Open access after 3 years

http://winderosionnetwork.org/data-portal/access-data
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Summary
• USDA-ARS is a leader in wind erosion 
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• Rangelands present unique challenges to 

wind erosion model development

• Currently, USDA-ARS is developing a 

wind erosion model for rangelands using 

NWERN data and MODIS images (albedo).

• We expect positive impacts to human and 

environmental health through improved 

land management decisions and early 

warning of potential severe dust storms.



Questions?


