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THE DIGITAL REVOLUTION
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SOFTWARE GIVES US THE ABILITY TO 
MANAGE AGRICULTURAL COMPLEXITY ACROSS SCALES.

img src: Studio Ghibli, Laputa Castle in the Sky, 1986



CHALLENGES
Handling in-field spatial variability

Identifying weeds & pests
Improving soil health quality
Adaptive farm management

Empowering stakeholders
Enhancing food security

EXPLORATIONS
with variable rate technologies
via computer vision
through geospatial analytics
using realtime, site-specific data
with decision-support tools
by connecting people through tech



TEASING APART TECHNOLOGY

HARDWARE
Manipulate the world
Manipulate reality
Physical interactions
Augment human action
SOFTWARE
Manipulate information
Manipulate models
Hypothetical interactions
Augment human thought
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predictive analytics, real-time monitoring, problem diagnosis, decision
support, data driven insights, system-level analysis, communication,
coordination, and collaboration







https://usfarmersandranchers.org/wp-content/uploads/2021/02/USFRA-



Transformative-Investment-Report.pdf





Slattery et al., 2021, https://www.trustinfood.com/wp-
content/uploads/2021/05/Farmer-Perspectives-on-Data-2021.pdf



EVALUATING AG TECH QUALITY

1. Utility: how useful is it for users (farmers, managers, workers, etc)?
2. Usability: how easy is it to use?
3. Interoperability: can we move data across tools, devices, systems?
4. Trust: do users trust the tech with their data?
5. Resilient: are the tools robust, reliable, and adaptable? Will they stand the test

of time?



HOW CAN WE DESIGN EFFECTIVE DECISION SUPPORT TOOLS THAT
EMPOWER FARMERS AND ADVISORS TO IMPROVE SUSTAINABILITY IN
AGRICULTURE?



KNOWLEDGE WORK

Using historical sales data
Taking soil core samples

Viewing satellite imagery
Tracking cattle movements

Scanning in-field camera footage
Using photos #localfood at market

to choose what to plant this season.
to determine water availability.
to assess crop quality and quantity.
to calculate grazing capacity.
to evaluate wildlife buffers.
to understand consumer sentiment.



USING DATA TO
LEARN SOMETHING, 
SOLVE A PROBLEM,
OR MAKE A DECISION.



WHAT IS DATA?

"Data are symbols that represent the properties of objects and events."
Ackoff, From Data to Wisdom, 1989
"[R]ecorded information of any kind regardless of the form or method of the
recording[.]"
DEVCOM Army Research Lab, Legal Definition in General CRADA, 2020.
DATA ARE OBSERVATIONS!



Data: Observations

Rowley, The wisdom hierarchy: representations of the DIKW hierarchy, 2006.

Data Collection Tools, Transaction Processing Systems

Information: Processed data, i.e., formatted, structured, organized, and
contextualized

Management Information Systems

Knowledge: Explicit (know what). Tacit (know how). "[A] mix of information,
understanding, capability, experience, skills and values"

Decision Support Tools, Recommender Systems, Machine Learning

Wisdom: "[E]xpert knowledge and judgement about important, difficult and
uncertain questions[.]" What makes us human? Intelligence?

Expert Systems, Artificial Intelligence





"Decision Support Tools are interactive so!ware
tools used by decision-makers to help answer
questions, solve problems, and support or refute
conclusions." 

U.S. EPA, "Decision Support Tools - Development of a Screening Matrix for 20
Specific So"ware Tools". Available at:
https://frtr.gov/decisionsupport/PDF/DST%20Matrix%20Report.pdf



DST EXAMPLES: NRCS WORKSHEETS

Data: User-inputted, work through this with an advisor.
Decisions: Conservation planning with a focus on environmental and
economic tradeoffs



https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/econ/tools/?
cid=nrcs143_009735

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/technical/econ/tools/?cid=nrcs143_009735


DST EXAMPLES: PAM SPREADSHEET

Data: User-inputted, work through this with an advisor.
Decisions: Palmer amaranth management decisions and herbicide interactions
to enable weed management.

https://agribusiness.uark.edu/decision-support-so!ware.php

https://agribusiness.uark.edu/decision-support-software.php




DST EXAMPLE: CLIMATE STRESS MAPS

Data: Public climate data, consult only
Decisions: Likelihood of heat stress on cows to enable livestock management

https://www.ars.usda.gov/plains-area/clay-center-ne/marc/docs/heat-

https://www.ars.usda.gov/plains-area/clay-center-ne/marc/docs/heat-stress/main/


stress/main/

https://www.ars.usda.gov/plains-area/clay-center-ne/marc/docs/heat-stress/main/


DST EXAMPLE: CORN GDD WEB TOOL

Data: public data, research data, user input data
Decisions: growing degree day trend projections to enable activity planning,
climate risk assessment, and marketing.



https://mrcc.purdue.edu/U2U/gdd/

https://mrcc.purdue.edu/U2U/gdd/


COMET-FARM MODELING TOOL

Data: public data, research data, user input data
Decisions: farm management history enables whole farm carbon and GHG
accounting.



https://www.comet-farm.com

https://www.comet-farm.com/


FACTORS OF DST UPTAKE & USE

Rose et al., 2016, "Decision support tools for agriculture: Towards effective
design and delivery". Available:



https://www.sciencedirect.com/science/article/pii/S0308521X16305418



SPATIO-TEMPORAL SCOPE OF DECISIONS

Rossie et al., 2012, "Helping farmers face the increasing complexity of decision-
making for crop protection", Available: https://www.jstor.org/stable/43872334



INFORMATION DELIVERY MECHANISMS

Rossie et al., 2012, "Helping farmers face the increasing complexity of decision-
making for crop protection", Available: https://www.jstor.org/stable/43872334



THE DST DREAM!

https://usfarmersandranchers.org/wp-content/uploads/2021/02/USFRA-
Transformative-Investment-Report.pdf



CASE STUDY: COVER CROP DECISION SUPPORT TOOLS



SOIL HEALTH DECISION SPACE



COVER CROPS SERVICES

Erosion protection
Nutrient cycling
Good grazing
Improved water quality
Pollinator habitats
Increased soil organic matter
...and more.

OXFORD, MARYLAND - Aerial view of cover crops sitting next to the Chesapeake
Bay © Edwin Remsberg, SARE Cover Crop Image Library



Effective Cover Cropping is Knowledge Intensive





"DON'T BOTHER CORN FARMERS WITH POTATO QUESTIONS"

In conversation w/Chris, MyFarms.com



COMMUNITIES OF PRACTICE



COVER CROP DST USER GROUPS



DESIRE: FULL-STACK DECISION MAKING

1. Select species
2. Create mixes
3. Calculate seeding rates
4. Cost-share & economic evaluation
5. Plan termination
6. Nutrient management
7. Weed management
8. Assess performance of cover crops



GOAL: MODULAR ARCHITECTURE



WHAT LEADS TO *EFFECTIVE* COVER CROP DECISION SUPPORT?

DATA
High quality regional cover crop performance data + local field conditions

Behind the scenes
DESIGN
An improved user experience that reduces information overload

What you see on the screen



EXISTING DATA & TOOLS



DATA CURATION

50+ cover crop experts: Farmers, crop advisors, researchers, and more.



USER-CENTERED DESIGN



SPECIES SELECTOR TOOL: NECCC

http://covercrop.tools/



PARTNERS IN THE MIDWEST: MCCC TOOL

https://mccc.msu.edu/covercroptool/



SEEDING RATE CALCULATOR

MCCC + NECCC, a unified design effort. 
Tool ETA: 2022.



AN INVITATION TO COLLABORATE



THE AGRICULTURAL INFORMATICS LAB

Thinking about how
*people*
design, build, and use
technology to...
grow and distribute food & ag products,
manage natural systems,
coordinate and organize work, &
strategize for food & ag system resilience.



THE DESIGN FOR AGRICULTURAL SOIL HEALTH INFORMATION (DASHI)
PROJECT

Problem: How can we create seamless user experiences as farmers collect,
manage, and use agricultural, environmental, and operational data to improve
soil health outcomes?

Current Status: Design research (w/Farmers & Ranchers, Tool Developers, Data
Curators) to inform future development of appropriate technologies.

Project Partners: Farmer & Buyers (e.g., via Stoneyfield) Open Source AgTech
(e.g., OurSci, FarmOS), Model Developers (e.g., Cool Farm Tool, Comet Farm),
and an interdisciplinary team of researchers.



THE DESIGN FOR AGRICULTURAL SOIL HEALTH INFORMATION (DASHI)
PROJECT

What does it involve?
Farmer interviews and data mapping to explore data life cycles
Farmer reflection worksheets to understand technology context
Speculative design workshops w/soil health data stakeholders (farmers,
advisors, researchers) to envision next gen soil health tools.
Express interest: https://bit.ly/dashi-interest
Learn more: dashi.aginformaticslab.org



CO-DESIGNING DECISION TOOLS

How can we better support farmers and crop advisors in Indiana?
Imagine your at your favourite farm. You’re in the field, it’s a great day, but
your grower has a really hard problem that they’ve called out here for. As
you're talking, you get to the point where you whip out your phone and do
what? Do you calculate something? Look for information about what you see
in the field? Draw something? What is it you want this digital portal to
provide?

Draw out a storyboard and share it with us!





CONNECT
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