
Sensitivity analysis

Uncertainty in sensitivity analysis

• Sensitivity analysis methods have their own parameters

e.g., levels and trajectories for Morris, number of executions 

for all other methods
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Sensitivity analysis

Uncertainty in sensitivity analysis

• Sensitivity analysis methods have their own parameters

 Concordance among rankings (Top-Down Concordance 

Coefficient, TDCC):

𝑇𝐷𝐶𝐶 =
 𝑖=1
𝑁  𝑗=1

𝑛𝑆𝐴 𝑆𝑆 𝑆𝑀𝑖𝑗 − 𝑛𝑆𝐴
2 ∙ 𝑁

𝑛𝑆𝐴2 ∙ 𝑁 −  𝑖=1
𝑁 1
𝑖

where

 𝑛𝑆𝐴 is the number of sensitivity analysis results to be 

compared

 𝑆𝑆 𝑆𝑀𝑖𝑗 is the Savage Sore of 𝑥𝑖𝑗
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Sensitivity analysis

Uncertainty in sensitivity analysis

• Sensitivity analysis methods have their own parameters

 Concordance among rankings is considered NON significant

for p-values > 0.05.

 with p-value calculated according to the statistic T, which 

approximates a 𝜲𝟐 distribution with N-1 degrees of freedom:

𝑇 = 𝑛𝑆𝐴 ∙ 𝑁 − 1 ∙ 𝑇𝐷𝐶𝐶

 Null hypothesis is absence of concordance.
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Sensitivity analysis

Uncertainty in sensitivity analysis

• Most methods are very sensitive to parameter distributions
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Sensitivity analysis

Uncertainty in sensitivity analysis

• Sensitivity analysis is situational!
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Sensitivity analysis

Uncertainty in sensitivity analysis

• Sensitivity analysis is situational!

 WOFOST model, rice

 10 locations, three diverging seasons per location

 Output: aboveground

biomass

• Crucial for ideotyping

• District-specific ideotypes
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In silico ideotyping

1. Define ranges/statistical distributions for trait values

2. Identify most

relevant traits

 Global sensitivity

analysis 

3. Define “optimal” values for those traits                                       

(targeting specific objective functions)

 Trial and error/grid search
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Trial and error

• Once most relevant parameters have been identified

• Calibration of model parameters
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../../../Program Files (x86)/WARM/WARM 1.9.6.exe


Grid search

• Once most relevant parameters have been identified
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In silico ideotyping

1. Define ranges/statistical distributions for trait values

2. Identify most

relevant traits

 Global sensitivity

analysis 

3. Define “optimal” values for those traits                                       

(targeting specific objective functions)

 Trial and error/grid search

 Automatic calibration

algorithms
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Optimization

• There are different optimization algorithms

 The downhill simplex is often

considered as one of those

with the best “value for money”

 Parameters with a biophysical                                                                      
meaning use a                                                                        

bounded simplex

 Evolutionary shuffled simplex,

developed to reduce the risk

to fall in local minima

 Easy to implement

 Fast
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In silico ideotyping

1. Define ranges/statistical distributions for trait values

2. Identify most

relevant traits

 Global sensitivity

analysis 

3. Define “optimal” values for those traits                                       

(targeting specific objective functions)

 Trial and error/grid search

 Automatic calibration

algorithms

 From sensitivity analysis

results
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Ideotype definition

• From sensitivity analysis results

 Deriving putative ideotypes considering both performance

and extent of the improvement required

 Avoiding local minima

Development of crop ideotypes

𝐼ideo =  

𝑖=1

𝑛
𝑥𝑖 −𝑚𝑖
𝑚𝑖

∙ 100 ∙
1

𝑆t𝑖
∙
1

𝑛
∙ 1 −

𝑌𝑣
𝑌𝑣𝑚𝑎𝑥

o n: number of parameters defining the ideotype;

o xi : value of the ith parameter

o mi : distribution mean of the ith parameter

o Sti: Sobol’ total order for the ith parameter

o Yv: economical yield from the ideotype (e.g., grain 

quality)

o Yv/Yv max: yield of the ideotype (€ ha-1) normalized to the 
maximum of all ideotypes under evaluation

• Ideotype profile:

average values of 

the best 1%

extent of the improvement

performance



In silico ideotyping

• Sample results

 WARM rice model

 Traits involved with different processes

 growth

 sterility due to cold/heat shocks around flowering

 plant-pathogen interactions

 grain quality

 5 sites
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In silico ideotyping

• Sample results

 WARM rice model

 Traits involved with different processes

 growth

 sterility due to cold/heat shocks around flowering

 plant-pathogen interactions

 grain quality

 5 sites

 Different climate scenarios

 supporting the development of new varieties suitable in 

the mid-term
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In silico ideotyping

• Climate scenarios

 4 20-year time frames: 1986-2005 (baseline), 2030, 2050, 2070

 2 IPCC AR5: RCP2.6, RCP8.5

 2 GCMs: HadGEM2, GISS-ModelE2 

 WG: CLIMAK

• Ideotyping

 Sensitivity analysis method: Sobol’ – total order effect

• Variable analyzed: Value ha-1 → YL· V - YL· [(1-HR)+C]·V/2

 YL (t ha-1): yield limited by biotic/abiotic factors

 V (euros t-1): value of entire and non chalky grains

 HR (-, 0-1): head rice yield

 C (-, 0-1): chalkiness
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More than 6.6 

million simulations


