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Outcomes from Two 2018 CIG Grants
Deploying RangeSat: Integrating satellite and field measures 
for improved grazingland management at ranch scales

A National Grazingland Information System: Expanding 
GlobalRangelands.org through a Grazingland Thesaurus and 
Mobile Content Access



RangeDocs: A Grazingland 
Information System

A project funded through NRCS Conservation Innovation Grant NR193A750008G003



RangeDocs: Science is now searchable

THE CHALLENGE
Technical references and scientific papers are often long and dense. 
With limited time and energy to read literature, finding specific 
information can feel impossible.

THE SOLUTION
Range Docs is an online tool designed to search technical references 
and other literature at the page level. Rangeland experts have read the 
documents and labelled common rangeland terms where they appear 
in the documents. Science is now searchable.



What sets RangeDocs apart?

Unique attributes of RangeDocs:
1. Contains the most relevant and useful resources 

as identified by agency staff and Extension 
specialists

2. Uses paragraph-level annotation of concepts to 
get users quickly to the most relevant 
information

3. Leverages a rangeland-specific thesaurus of 
terms harmonized from multiple sources



https://docs.rangelandsgateway.org



RangeDocs: Document 
Annotation

• Documents are 
annotated by 
rangeland 
professionals using 
concepts from the 
thesaurus



RangeDocs: Document 
Annotation

• Concepts are 
annotated at the 
page and paragraph 
level

• Allows search to 
direct user to 
specific parts of a 
document



RangeDocs Search Results



Saving results to collections



Curated Collections



Taking collections offline



Significance of RangeDocs

•Annotations leverage the collective knowledge 
of rangelands experts

•Targeted search results = faster, more efficient
•Organize and share information across 
documents



What’s down the road?
• Status and future of RangeDocs

• Available online now!
• Complete annotation of initial document set
• Fall 2021 launch and outreach

• Altar Valley Conservation Alliance – curated collections, marketing to producers
• RREA National Focus Funds grant

• Develop training and outreach materials



https://docs.rangelandsgateway.org

A project funded through NRCS Conservation Innovation Grant NR193A750008G003
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Uses of GPS Collars for Livestock Studies

• Most uses of GPS collars focus on understanding behavior of livestock
• Few collars per herd

• Can GPS Collars be used to estimate livestock use/utilization of entire 
pastures or ranges?

• If so, how many collars would we need to get a good estimate???



How many GPS collars to describe landscape 
use of an entire herd?

Potentially a lot.



How low (cost) can we go?

• Commercial GPS collars are expensive
• $300-$600 each
• Unnecessary features

• Existing DIY collars still too expensive
• $150-$200 each

• Individual electronics components are not that expensive
• Should be able to build a GPS collar for less than $50 each*.

*Original goal



Open Hardware
Physical objects for which the design 
information/specs are made available so the 
object can be:

Studied
Modified
Created
Distributed



GPS Collar Version 1 (2018)
Consumer 
Electronics 

Components

V1 Codename 
“Robot Turd”

Sophisticated 
Housing

Stylish Cow



GPS Collar Version 1 (2018)

• Proof of concept (n=25)
• Cost per unit = $54*

• Mostly successful
• REM Tech Note

• Problems encountered
• Battery holder
• Soldered connections 

between components
• $%^@$& Reset buttons!

* Not including labor costs



GPS Collar Version 2 (2019)

Custom 
Circuit Boards

Red Angus 
“Land Whale”

Starving 
Engineering 

Students
Same 

Sophisticated 
Housing

Bulk 
Electronics 

Components

Welded LiPo 
Battery Pack



GPS Collar 
Version 2 (2019)
• Measure grazing intensity

• 3 Study Areas 
• 10-min intervals
• Average unit life 4 weeks

• n=150
• Cost per unit $38*
• Much more reliable

• Some problems with 
soldering/
microcontroller chips

A C

B

D

* Not including labor costs



GPS Collar Version 3 (2020)



Labor Costs
• 2018 (pilot phase)

• Priceless
• 2019 (V2 Production)

• Engineering & Range 
Undergraduate Students

• Labor cost ~ 270 calories* per 
unit

• 2020 (V3 Production)
• SeeedStudios PCB assembly 

(~$4/unit)
• Plug/Play assembly (volunteer, 

interns) ~ $2 per unit UI Undergraduate Engineering 
Students working on the assembly line

* Approximately 2/3 piece of meat-lover’s pizza



Lessons Learned

• Be prepared to deal with 
challenges

• Success requires iteration
• Fail early, fail often



Next Steps

• COVID has caused extreme supply chain issues
• Increased prices
• Part availability
• Longer shipping times

• Next steps:
• Significant demand for inexpensive GPS collars
• Collaboration with researchers from other institutions 
• Develop versions using different microchip architecture
• Additional sensors (e.g., accelerometers) and features (e.g., wireless 

data transfer)
• Seek additional funding



Conclusion
• Inexpensive, reliable GPS Collars are 

possible
• Cost continues to decline with quantity

• Allows for much wider implementation 
of sensors than previously possible

• Ask new questions
• Value in open-source projects

https://github.com/Open-Source-Range/OSR_GPS_Collar
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Mapping Vegetation Amounts

Satellite Data

Field Data

https://www.mdpi.com/2072-4292/10/7/1057

Results
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From global data to ranch data

https://www.mdpi.com/2072-4292/10/7/1057


Tool 
creation

Science

Stakeholder 
feedback

Building RangeSAT: a collaboration
Going from the global to the ranch

Collaborative effort
• Ranchers
• Land managers
• Interdisciplinary Science 

team



RangeSAT Tools



RangeSAT Tools



RangeSAT Tools



RangeSAT Tools



• Created for ranchers and land managers 
interesting in vegetation amounts in 
relation to grazing

• Seeking ways to better integrate field 
and remotely sensed data for use-based 
monitoring

RangeSAT
• Tool limitations

• Limited geographic extent
• Model error
• Sometimes sparce data, and 

therefore not near-real time
• Alignment of RangeSAT data with 

desired data for management 
action





Results - Pasture Scale

GPS derived AUM/ha

Utilization Remote Sensing



Questions?
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