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Feeding the world:  getting the data 

right for decision-making 
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But how stable are our food systems? How much more 

growth can they deliver without collapse?  

Agriculture and innovation in the 20th century 

We have achieved caloric per capita 

sufficiency… 



9 Billion People / 1 Planet    

Do we have a plan? 
Food, Water, Clean Air, Energy, Materials for our kind 

on a habitable beautiful planet 



Rabobank, 2012 

Modern food systems are dynamic, complex and 
fundamentally important to security and survival 





What will we call the boundaries of  

Safe(r) operating spaces for the food systems? 

Science 2012 

How will we 

name the system 

components and 

learn to manage 

them better?  

“food security” 

and “food 

resilience” 

means many 

things to many 

people 



Recommendation 1:  Integrate food security and sustainable 

agriculture into global and national policies  

Recommendation 2: Significantly raise the level of global 

investment in sustainable agriculture and food systems in the next 

decade 

Recommendation 3: Sustainably intensify agricultural production 

while reducing greenhouse gas emissions and other negative 

environmental impacts of agriculture 

Recommendation 4: Target populations and sectors that are most 

vulnerable to climate change and food insecurity  

Recommendation 5: Reshape food access and consumption 

patterns to ensure basic nutritional needs are met and to foster 

healthy and sustainable eating habits worldwide 

Recommendation 6: Reduce loss and waste in food systems, 

particularly from infrastructure, farming practices, processing, 

distribution and household habits 

*Recommendation 7: Create comprehensive, shared, 

integrated information systems that encompass human and 

ecological dimensions 
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Why is “Recommendation No. 7” so important? 

How much irrigated area in India? 

Intl. Water Management Inst. 

113 M ha (net) 

Government of India 

57-62 M ha 

Source: Thenkabail 2009; Slide courtesy of T. Hertel and G.C. Nelson  



Expect major spikes in demand from both 

familiar and new communities 

Next, a few 

examples of 

these new 

sources of 

demand 



Government can’t go it alone 

Public-Private Partnerships 
 

Working to create trusted information 

sharing environments in a pre-competitive 

space, across sectors, for collective benefit  



Risks and opportunities in food systems are 

being understood in new ways with new 
implications 



Selected Highlights: 

Creation of a Resilience Modeling and Mapping Forum 

Commitment to coordinate $100 million of annual investment into public science and 

open risk modeling platforms and facilities by 2016 
 



Robert Muir-Wood 

Chief Research Officer  

Risk Management Solutions, Inc.  
A focus on food 

systems in 

catastrophe modeling 

is long overdue. 

  

Applications of hybrid 

approaches, like 

catastrophe modeling 

shows great promise 

 

This will create new 

demands for data & 

analytics 



Working with the insurance industry to develop scenarios for multiple breadbasket 
failure. Stress testing these systems will require new data and models   

WHAT IF? 
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Food insecurity a significant risk  
 to “global society” 
 
Food safety/security issues create 
 “direct and indirect risks & 
 opportunities for businesses” 
 
Insurance can play a large role in 
 risk mitigation/management 
 as well as innovation/investment 
 
       March, 2014 



Ag ‘Bang’ 
Climate 
Events 

Responses FIPE Impact 

Reductions in Agricultural 
production 

 
 

Food Imports capability, Prices, 
Export (FIPE) capability 

“things that create impacts  
on food” 

“things that impact on ag” 

UK Science & Innovation Network/ Global Food Security Programme 
Taskforce on Resilience of the Agri-Food System to Extreme Events 
 

Could ESIP Ag / Climate and Disaster Clusters help? 



Multiple Breadbasket Failure Initiative 

http://miriadna.com/preview/wheat-field-at-the-sunset 

http://tamutimes.tamu.edu/files/2014/02/CaliforniaDrought.jpg 



Pre-Bang Post-Bang 

* 

* = multiple breadbasket failure 

Quantitative scenarios 

• Modeling of likelihoods 

of significant impacts, 

scope and scales of 

perturbations 

• Enhance our ability to 

reflect uncertainty with 

sophistication and link 

to decision-making 

under uncertainty 

• Assess opportunities to 

mitigate risks 

Qualitative analyses 

• Develop scenarios 

guided by 

interactions with 

regulators of 

systemic financial 

risks originating in 

food systems 



Public/Private Research Platforms 
Thomson Reuters Eikon 
 

Powerful tools, news & analytics at your fingertips  
 



Weather Analytics – Mapped to 

major crop regions 



Track vessels, weather 

conditions in interactive map 



Thomson Reuters Eikon 

Hurtling ourselves toward global transparency 

         in global food systems 



How can earth science data and analytics help make urban and 
rural areas more resilient to disasters? 



The R!SE Initiative is focused on collaboration and tangible action to achieve risk-

sensitive investment. In this way, R!SE will contribute to building the resilience of local 

communities and a more sustainable global economy.  

 

The R!SE Initiative seeks to build a strong alliance that spans the globe, connects 

countries and allows for open exchange within and between industries and sectors. 

Learn more at: www.theriseinitiative.org 



Finance and 

capital 

Water 

availability 

Biodiversity 

Ecosystem 

services 

Food security 

Climate change 

Raw materials  e.g. 

metals 

Energy 

systems 

Soil and land 

use 

Population and 

demographics 

How do we modularize and specify models and 

host model modules in workflows that are 

interactive and interoperable? 



Global Science stepping into partnership with 

business 



A next generation modeling approach? 



Managing complex data 
streams; knowledge assets 

•Trends through time 

•Geospatially referenced data 

•Multiple scales / sources 

•Reliance on cyberinfrastructure 
to hook assets together, 
repurpose existing assets 

•Integration into numerical 
models (productivity, ecological, 
economic) 

•Output information in relevant 
formats for different user groups 



NIEM—the National Information Exchange Model—is a community-driven, 
standards-based approach to exchanging information. NIEM connects 

communities of people who share a common need to exchange information in 
order to advance their mission. 



http://philmckinney.com/wp/wp-content/uploads/2013/03/HiRes.jpg 

What does the next 

generation of 

integrated earth 

and food systems 

models look like? 



Case Framework 

Case 

“A” 

 

Case 

“B” 

 

Case 

“C” 

 

Case Tracking 

The knowledge ecosystem for 21st century food systems 

User Interfaces and 

Learning Systems 

Modeling and 

Scenario Building 
Data, Information 

and Knowledge 



Photos: Yann Arthus-Bertrand 

Visualization 

approaches force 

better integration of 

our  communities:  

 

Visualizing the coupled 

food / water / energy 

systems 



Beyond massive data dumps from 

science to governments and business 

our path to a more secure and stable 

future requires these steps: 



+ 



• Public-private partnership on open data 

and open-source code modeling to 

enhance the climate-resilience of food 

systems 

• Evaluate seven novel nutrition and 

sustainability metrics of global food 

systems, including all of the world’s 

important staple and non-staple foods, 

through the year 2050 

+ + 



Nimble systems to scan integrated 

information assets for patterns that 

allow early detection and 

intervention--build new research 

capabilities focused on safer space 



Design of adaptive actions in 

“operations” mode.  Building 

experiments to design and test timely 

preparedness for extreme events 

while protecting human and civil rights 



Figure out how to deliver high-quality 

decision-relevant NRT information that 

recognizes food/water/energy nexus, 

that are relevant at the smallest 

scales, and that advances 

humanitarian commitments in all 

contexts 

http://mariadouglass.files.wordpress.com/2014/06/lightbulb-plant-water-nexus-istock_000020312449medium1-e1402754075877.jpg 



http://worldbank.mrooms.net/file.php/668/images/CC_agri.png 

Learn how to “see” outcomes/impacts 

of individual and collective choices on 

human systems, landscapes under 

climate change, conflict and other 

stress 



Census 

Gridded 

Day Night 

LandScan Global 

LandScan USA 

Academics leverage major investments in governments and private 

sector to create “shared pre-competitive space.” 

Partnerships are Key: Governments, 

universities and private sector have 

shared stake 



New combinations of skills in a post-disciplinary era: 
e.g., natural scientists and actuaries looking beyond short 

term returns:  Balancing and rebalancing to better manage 
returns and risk 

41 
Slide courtesy of Dave Ingram, WillisRe, IAA, Actuaries without borders 



Chapin et al 2009 Thanks to Dennis Ojima 



Intellectual trends from sustainability science with 

relevance to agriculture 

Landscape views required, major challenge to century-old university 

depts, static spreadsheet archives, late 20th century corporate 

structures/business models; yield, productivity still important but so are 

limits and outcomes 

Not just multi-, or trans-disciplinary, this post-disciplinary era requires new 

vocabulary, new taxonomies, new ontologies that describe features of 

systems we have historically disaggregated; implications for academic 

“rigor” and “excellence” 

Scientific frontiers include scaling and thresholds, reflecting/managing 

uncertainty and risk, and linking outcomes in human and environmental 

dimensions to our choices in agriculture and food systems  

Integrated multi-sector coalitions for research including for-profit, NGOs, 

universities and government, crucial roles for public sector players.  

Private sector finance, capital and risk will be key 

Toward science,  safe(r) space for food 

systems? 



A goal for the 21st century? 

We needWe need to learn toWe  live within our means. 

“We need to learn to live well within our means”      

Chad Waukechon, Menominee Nation 


