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Context

� Use of crop models
• to predict yield of year
• for tactical decision
• to evaluate management strategies 

� Example 1 : irrigation
� Example 2 : choice of variety

• …

� But how accurate are the results ?

� A collaborative project of RMT modélisation
• “Associate a level of error in the predictions of 

mathematical models for agronomy and livestock.” (AC TA 
2010-2012)

• 10 studies cases



Two crop model studies cases

�MODERATO. Decision crop model for maize

�SUNFLO. Crop model for Sunflower
• simulate genotype-

specific performance 
of the sunflower crop 
in contrasting 
environments

• evaluate irrigation 
strategies taking into 
account weather 
uncertainty



An operational approach to associate a level of 
uncertainty to model outputs.

� Definition of requirements and constraints
1) specification of the variables of interest
2) selection of indicators of uncertainty
3) identification of sources of uncertainty
4) characterization of information available

� Uncertainty Analysis
5) quantification of sources of uncertainty
6) propagation of uncertainty
7) point estimate (mean value)
8) value of the indicators of uncertainty

� Analysis of results – Verifying Hypothesis
9) Analysis of the contributions to uncertainty
10) verification with data
11) specification and analysis of assumptions
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1) specification of the variables of interest

� MODERATO
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2) selection of indicators of uncertainty

� For each situation
• Complete uncertainty distribution for variables of interest
But, more useful
• Confidence interval for each prediction

3) identification of sources of uncertainty

 

Entrées du modèle 
Incertaines 
- variabilité climatique 
- incertitude paramètres 
Fixes 
- scénario (ex. sol) 
- autres paramètres 

Modèle (Xfixe, Xincert, θfixe, θincert) + εr 

Sortie du modèle 
Brutes 
(rendement, LAI) 
Variables d’intérêt 
(rendement moyen, variance 
rendement) 

Incertitude forme modèle 
(formalismes inadéquats, limites 
système modélisé, …) 

� SUNFLO and MODERATO



4) characterization of information available

� Literature
• for a priori information on parameter distribution

� Important experimental databases
• context information (Soil, weather, sowing date…)
• yield (and oil content for SUNFLO)
• biomass and LAI  at several dates
• MODERATO : 81 simulations units with data

(place X year X irrigation management)

• SUNFLO : 167 simulations units with data
(place X year X management X genotype)
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5) quantification of sources of uncertainty

�Always a costly step
�MODERATO : Bayesian parameters calibration
(Metropolis-Hastings within Gibbs algorithm)

Experimental data

Prior information
on parameter
uncertainty

Posterior
distribution

for parameter

Bayesian 
Method



MODERATO : Example for uncertainty distribution

prior distribution posterior 
distribution 

Abbrevation units 

lower 
bound 

upper 
bound 

std dev mean std dev 

A2sen - 0 1 0.29 0.25 0.042 
A3sen - 1 2 0.29 1.79 0.093 
himax - 0.45 0.55 0.029 0.51 0.021 
P1logi - 0.65 0.99 0.098 0.66 0.013 
P1sen - 0.0011 0.0021 0.00028 0.0019 0.0002 
P2logi (°C days)-1 0.007 0.013 0.00087 0.0086 0.00007 
P2sen - 4.2 7.8 1.04 5.9 0.11 
R1hi - 1 2 0.29 1.8 0.13 
R1rue - 0.0001 1 0.029 0.83 0.093 
R1sf - 0.4 1.2 0.23 0.96 0.19 
R2hi - 1 2 0.29 1.1 0.068 
R2rue - 0.0001 1 0.029 0.95 0.040 
R2sf - 0.4 1.2 0.23 0.63 0.12 
rue1 g/MJ 3 4 0.29 3.0 0.019 
rue2 g/MJ 3 4 0.29 3.03 0.037 

2
1σ  (t/ha)²    1.3 0.11 
2
2σ  (t/ha)²    2.3 0.11 
2
3σ  -    0.81 0.032 

 



SUNFLO: Example of uncertainty distribution

� Genotypic parameter estimated from specific 
greenhouse experiment

0.09940.7090-7.13200.11220.4770-4.2520Prodisol

0.08370.4730-5.65100.07720.2940-3.8100Melody

0.15121.1030-7.29300.13290.6110-4.5970INRA6501

0.17710.9250-5.22300.19661.0260-5.2190Heliasol

0.06500.4700-7.23500.34342.3310-6.7880Frankasol

0.21331.3100-6.14100.28784.4810-15.5720Euroflor

0.13240.9040-6.83000.25210.6870-2.7250Airelle

CV a_TRsd a_TRa_TRCV a_LEsd a_LEa_LEVariétés



6) propagation of uncertainty

 

Entrées du modèle 
Incertaines 
- variabilité climatique 
- incertitude paramètres 
Fixes 
- scénario (ex. sol) 
- autres paramètres 

Modèle (Xfixe, Xincert, θfixe, θincert) + εr 

Sortie du modèle 
Brutes 
(rendement, LAI) 
Variables d’intérêt 
(rendement moyen, variance 
rendement) 

Incertitude forme modèle 
(formalismes inadéquats, limites 
système modélisé, …) 

Weather uncertaintyWeather uncertainty
(use of past series)(use of past series)

Parameter uncertaintyParameter uncertainty

Residual errorResidual error

Uncertainty on Uncertainty on 
variable of interestvariable of interest



MODERATO : Example of output with uncertainty



7) point estimate (mean value)
8) value of the indicators of uncertainty

strategy mean sd Conf. Int. 90%

flowering 4.2 1.8 1-7
rain-fed 42.7 1.9 39-46
late 10.9 2.5 7 -15
early 14.8 2.4 11-19

number of years (out 49) 

with yield < 6t/ha

flowering 2.0 0.2 1.7-2.4
rain-fed 2.1 0.2 1.8-2.4
late 2.3 0.2 2.0 -2.7
early 2.8 0.2 2.5-3.1

standard deviation of
yield

flowering 8.9 0.2 8.5- 9.3
rain-fed 3.6 0.3 3.1- 4.0
late 7.9 0.3 7.5-8.3
early 7.6 0.2 7.2-8.0

yield averaged over
years

flowering 8.9 2.0 5.5-12.1
rain-fed 3.6 2.1 0.3-7.4
late 7.9 2.3 4.1-11.6
early 7.6 2.8 2.9-11.9

yield for weather chosen 
at random

random yearC

poorC

sdC

aveC
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9) analysis of the contributions to uncertainty

� MODERATO : testing confidence intervals using exper imental data

10) verification with data

11) specification and analysis of assumptionsspecification and analysis of assumptions

9565biomass

8951LAI

9153Yield

percent of cases in 
90% credible interval

percent of cases in 
50% credible interval

response variable

� Sensitivity analysis…

� Model of error…



Conclusion

�Generic approach, important to promote for 
model used for agronomy and livestock

�Estimating uncertainty sources is time 
consuming

�Uncertainty results depends on chosen 
variable of interest
• Less uncertainty to predict average yield among 

years than for individual prediction
=> Important to well define variable of interest


