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• Piece-meal policies => unanticipated problems
– Ex. Fertilizers affect Water quality (e.g., Great Lakes, Mississippi River)
– Ex. Bio-fuel subsidy => Rise in food prices (2008)

• Crucial to understand interactions across Water, Food, Energy Systems
– National priority 

• Reports: USDOD/NIC, NSF, USDA USDOE, USGS, …
• Research Initiatives: NSF/USDA, USDOE

– Global priority with initiatives from U.N. University and many countries

Downside of Piece-meal Approach

Courtesy:	Wikipedia



Interactions among Food, Energy, Water Systems

• Piecemeal decisions in one 
affect the other

• Efficiency or abundance in 
one reduces scarcity in others!

• Chokepoint: Scarcity in one 
constraints growth in others!

• Stressors: 
• Population Growth
• Climate Climate
• Rising Economy
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• Reduce fertilizer run-offs, water use
• Improves yield
• Computing is critical

• Cyber-Physical Systems
• Data & Data Science Elements

Precision Agriculture



Support (Global) Decisions and Policy Making
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• Goals
– Develop visions, Identify gaps 
– Develop a research agenda

• At USDA NIFA, Oct. 5th-6th, 2015
• Co-organizers: Shekhar, Mulla, Schmoldt
• URL: www.spatial.cs.umn.edu/few

• Draft report available for comments:
http://www.spatial.cs.umn.edu/few/few_report_draft.pdf

• 55 Participants (Data-driven FEW & Data Sciences)

NSF INFEWS Data Science Workshop 

Food Energy Water DataSc.

14 10 11 20

Gov. Aca. Industry

26 24 5



Outcomes: F-E-W Nexus Data Gaps

• Water: Need US water census
• Equivalent of Ag. Census and US-EIA

• Other Data Needs:
• Energy, Food– consumption & FEW Interaction data
• A FEW nexus data community (BD FEW Spoke)
• Upper Latitude, e.g., Alaska DEM

• Data Integration Challenges
• Varied data collection (e.g., aquifer withdrawal meter in TX & CA)
• Heterogeneous data format (e.g., raster climate data, vector population)



Outcomes: Data Science Gaps
1. Methods to help stakeholders reach consensus on FEW issues 

– Social science methods: scenario-based discussion, design exercises, etc.
– Computational tools: visualization, explainable/interpretable models, interactive 

simulation and optimization

2. Spatio-temporal modeling
– Dealing with data collected multiple spatial, temporal scales, 
– missing values

3. Fusion of multiple model types 
– Data-driven, (causal) process-driven, economic, etc.
– (Spatial)-context aware

4. Lifecycle thinking for the FEW Nexus 
– modeling human behavior, understanding indirect effects of perturbations, supply 

chains, opportunity costs, agent-based modeling

5. Data uncertainty, incompleteness, bias 
– provenance, conflict of interest, capturing and visualizing uncertainty



Communicate with public and stakeholders

Global Population

Global Temperature

State

Nexus Dashboard

Sea-Surface Temperature Anomaly

Aral Sea Shrinkage (1978-2014) 
Due to Cotton Farms

Alerts

Global  Population

Trends

Monitor resources & trends to detect risks



Gap Example: Spatial Fragmentation in Optimization
Landscape geodesign 
• stakeholder collaboration (designs F, G, H, I) 
• linear programming (designs A, B, C, D, and E) – farmers dislike spatial fragmentation

Stakeholder Collaboration Linear Programming
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• Computing Challenges

• Related Events
– Dec. 2015: NSF INFEWS Solicitation
– Jan. 2016 : NCSE 
– Mar. 2016: Midwest Big Data Hub – FEW Spoke 
– Mar. 2016: Whitehouse Water Summit 
– Aug. 2016: ACM SIGKDD Workshop on FEW
– Dec. 2016: AGU session proposal


