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Crop simulation modelsCrop simulation models
• “Ecophysiological models”
• Process-based

– Light interception
– Photosynthesis vs. respiration
– Partitioning
– Water & nutrient balances– Water & nutrient balances

• Complete life cycle of annual crops
• 50 years old: C.T. de Wit, R.S. Loomis
• Used for: crop management, plant breeding, ex ante impact 

assessment, futures trading, etc.
• Examples: CERES, EPIC, APSIM, ecosyst, CSM, etc.



Field location

Weather
Fertilizations
Irrigations
Tillage
Agrochemicals

Crop modeling requires Crop modeling requires diverse, accurate & abundant  diverse, accurate & abundant datadata

Field location
Soil
Cultivar
Planting info
Etc.

Etc



ICASA StandardsICASA Standards
ICASA: Int. Consortium for Agricultural Systems Applications
Goal: Standards provide a reliable and flexible structure for … 
• Documenting field experiments

– Environment: soils & weather
– Crop management
– Phenotypic responses – Phenotypic responses 

• Specifying realistic conditions for dynamic simulations or 
other applications.

Origin: minimum dataset concept for 
“agrotechnology transfer”
– Henry Nix
– 1983 ICRISAT workshop



• Incorporate state-of-the-art climate products as well as crop and 
agricultural trade model improvements in coordinated regional 
and global assessments of future climate impacts

• Include multiple models, scenarios, locations, crops and 
participants to explore uncertainty and impact of data and participants to explore uncertainty and impact of data and 
methodological choices

• Collaborate with regional experts in agronomy, economics, and 
climate to build strong basis for applied simulations addressing 
key climate-related questions

• Improve scientific and adaptive capacity for major agricultural 
regions in the developing and developed world

• Develop framework to identify and prioritize adaptation strategies
• Link to key on-going efforts with numerous partners globally,



AgMIP data interoperabilityAgMIP data interoperability

• AgMIP ensemble modeling 
activities required a flexible, 
extensible means of 
providing data to multiple 
models.

• Facilitate research 
collaboration, model 
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collaboration, model 
intercomparison and model 
improvement

• Make data available under 
the Creative Commons 
Attribution license



Wheat Pilot: 27 Simulation Models

Asseng et al., 2013
Uncertainty in simulating wheat yields 

under climate change 
Nature Climate Change

“This study  . . . breaks new 
ground in discriminating between 
the uncertainties ascribed to crop 

models and those due to 
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a–d, Simulated relative mean (30-year average, 1981–2010) grain yield change for 
increased temperatures (no change, grey; +3 °C, red; +6 °C, yellow) and elevated 
atmospheric CO2 concentrations for the Netherlands (NL; a), Argentina (AR; b), India 
(IN; c) and Australia (AU; d). For each box plot, vertical lines represent, from left to 
right, the 10th percentile, 25th percentile, median, 75th percentile and 90th percentile 
of simulations based on multi-models. e, Observed range of yield impacts with 
elevated CO2 (refs23, 24). Observed range of yield impacts with increased 
temperature10, 24 (extrapolated, based on separate experiments with 40–345 ppm 
elevated CO2 and 1.4–4.0 °C temperature increase, Supplementary Information).

models and those due to 
ensemble climate model 

projections. 

Timothy R. Carter
Nature Climate Change News 

and Views August 28, 2013

Responses to high 
temperature and high CO2 

still remain significant 
uncertainties
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“Treatments” section is the key!“Treatments” section is the key!
FACTOR LEVELS section links management FACTOR LEVELS section links management 
& field conditions& field conditions



ICASA Standards: Structured plain textICASA Standards: Structured plain text



Digital formats: AGNOSTIC
• Plain text (specific syntax)
• Spreadsheet
• Relational database
• noSQL database using JSON objects

ICASA Standards: ImplementationsICASA Standards: Implementations

• noSQL database using JSON objects
Architecture and vocabulary are what determine 

compliance!
Emphasis is on describing single experiments 

accurately.



 

The ICASA Standards 
provide the foundation 
for harmonizing data 
from different sources

Harmonized site-
based data

Harmonized 

AgMIP and ICASA

Harmonized 
model inputs

Harmonized 
model outputs



ICASA/AgMIP template



ICASA/AgMIP template



ICASA/AgMIP template



• Key-value pairs, 
(where key = ICASA variable)
stored in JSON objects

• Non-relational schema conforms to 
highly irregular data from diverse 
sources

ACE Harmonized data ACE Harmonized data 
formatformat

sources

• Efficient, flexible, open ended 
storage

• “buckets” for experiment / field, 
soils, and weather data

• Sub-structures for initial conditions, 
management events, soil layer 
data, etc.
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ICASA/AgMIP list of terms ICASA/AgMIP list of terms –– From a knowledge From a knowledge 
management perspective, what is it?management perspective, what is it?

Candidate terms
• Ontology
• Data dictionary
• Thesaurus
• Glossary

Content
• Name & synonyms
• Meaning
• Hierarchy of relations
• Units• Glossary

• Controlled vocabulary
• Units
• Data type 
• Validation criteria

Wikipedia : A data dictionary , as defined in the IBM Dictionary 
of Computing, is a "centralized repository of information about data 
such as meaning, relationships to other data, origin, usage, and 
format."



ICASA/AgMIP Data Dictionary:ICASA/AgMIP Data Dictionary:
Next StepsNext Steps

• Need to provide the Dictionary with a more intelligent 
interface than Google Sheets:
– Searchable (not “Ctrl-F” among spreadsheets)
– Allow users to submit questions and suggest terms
– Hide information used only by developers

• Expand to meet community needs:• Expand to meet community needs:
– Sub-daily time scales
– Life Cycle Analysis
– Pest and disease evaluations Protocols/assays
– More complete information on variables 

• Harmonize with other resources
– GRACEnet/REAP (USDA research databases)
– CropOntology.org and AgTrials



The ICASA Data Dictionary:The ICASA Data Dictionary:
www.tinyurl.comwww.tinyurl.com \\icasaicasa --mvlmvl


