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Part(1): EO in Crop models: Mechanistic and/or Empirical



Plant system and yield complexity
Yield estimation and EO systems

Empirical models
Mechanistic models
Combined models

Models Classification
EO sensors for plant monitoring
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DAP          : Days after plantingStage        : 0: before/after plantingStage        : 1: emergence or transplant recoveryStage        : 2: vegetative stageStage        : 3: floweringStage        : 4: yield formation and ripeningGD           : Growing degreesZ           : Effective rooting depthStExp : Percent water stress reducing leaf expansionStSto : Percent water stress inducing stomatal closureStSen : Percent water stress triggering early canopy senescenceStSalt : Percent salinity stressCC           : Green Canopy CoverKc(Tr)       : Crop coefficient for transpirationTrx : Maximum crop transpirationTr : Crop transpirationTr/Trx : Relative crop transpiration (100 Tr/Trx)WP           : Crop water productivity adjusted for CO2, soil fertility and products synthesizedStBio : Percent temperature stress affecting biomass productionBiomass      : Cumulative biomass producedHI  : Harvest Index adjusted for failure of pollination, inadequate photosynthesis and water stressYield Part   : Yield (HI x Biomass)Brelative : Relative biomass (Reference: no water, no soil fertility, no soil salinity stress)WPet : ET Water productivity for yield part (kg yield produced per m3 water evapotranspired)

Yield Part : Yield (HI x Biomass)
Biomass : Cumulative biomass produced





Crop Growth models Crop SimulationCrop Yield Simulation
Crop Growth/Production

 Weather Conditions
 Soil Conditions
 Crop Management
 Biotic Factors 
 Stress

Empirical/Statistical 
Models

Functional Models

Mechanistic Models



Empirical/Statistical Models
Empirical models are simply a regression analysis between factor(s)  that affect 
the plant growth and crop yield

Linear Regression 
Growth Indices
Principal Component 
Markov Chain



Mechanistic Models

Functional models are
simulating crop growth using
graphical interpretation of
the fundamental processes
(System Dynamics)

Functional Models

Mechanistic models are
simulating the fundamental
mechanisms governing the
crop growth and yield



Earth observation potential in crop yield estimation?
Several satellites has a capability to measure the land reflectance at spectral range that can be used for plant monitoring
Major ranges for plant monitoring are “Red” and “Infrared”

However, the ranges in the shortwave infrared and Thermal inferred (TIR) are also valuable for developing several plant growth indicators related to moisture content in plant and soil. 

(Lobell et al., 2015)

Scalable Satellite-based Crop Yield Mapper
Based on statistical relationship between 
NDVI and ground data at 29,000 samples.
Model run under Google’s Earth Engine



(Richter et al., 2016)



Basic parameters that has impact on crop growth and can be monitored by satellite are including:
Growth: 
 Biomass production
 Leaf area
 Vegetation indices and chlorophyll content

Water:
Evapotranspiration
Water deficiency (Dryness index)
Water Use Efficiency

Nutrients:
 Leaf N (kg/ha) 



(Rocha et al., 2012)









PLEIADES 
(Participatory multi-Level EO-assisted tools for Irrigation water 

management and Agricultural Decision-Support)




