Validation purpose

Purposes for validation: establishment of overall credibility in the model assessment of how right or wrong a model is in a given application support that a specific configuration of input data, parameter sets and model structure are appropriate for a particular application Reliability (ability of the calculations involved to reproduce the conceptual model) versus usefulness (ability to reflect the behaviour of actual systems)

Interpretation of phenomena

Modelled and actual variables must have the same definition, e.g. Does leaf area expansion accounts for the expanded part of a leaf (lamina) only, or for the stem-like structure that is attached to the stem (base and petiole) as well?

Importance of meta-data associated with original observations and development of model parameters and variables

Model comparison

When two or more models are constructed for the same system or purpose, it is possible to make comparisons in order to select the best one When either field or reference modelled data are not available, attempts can be made to determine the proximity of one model to the other, also known as covalidation

Extra capabilities of one model compared to another should not be used in co-validation, e.g. nitrogen stress effects to plant growth should not be part of the comparison between two models where only one model includes nitrogen processes

Model complexity

Process-based models reflect the same complexity as the system being represented The comparison of model results with measured data is usually done at the system level (result of both the feedbacks within and between each of the sub-models making up the whole) ideal validation should take place both at the level of sub-models and of the complete model

Model robustness is its reliability under different sets of experimental conditions

Lack of robustness in model results may reflect absence of explicit reference to physical processes in the mathematical relationships Indicators of model robustness, e.g. Confalonieri et al., 2010, Ecol. Modell.: 

ratio between model performance and agrometeorological conditions

The validation of a sugarcane model by Keating et al., 1999, Field Crop. Res. gives an example of sound test of robustness for the following reasons:

Large number of data sets (19) for crop growth are used Broad range of conditions with differing locations, irrigation treatments, and nitrogen fertility treatments are explored Seasonal evolution of individual components (leaf area index, green biomass, millable stalk biomass, stalk sucrose, and nitrogen accumulation) is compared with observed results Deviations between simulated and observed results are discussed, and hypotheses presented to stimulate further research

Time histories

When simulating energy transfer or mass transformation in dynamic models, a time delay/anticipation frequently occurs if estimated versus measured values are compared: peak synchronization between estimates and measurements most often will not occur If synchronous comparison between estimates and measurements is applied, models which produce no response with respect to a specific process can yield better results, compared to models which show a time mismatch in the response

Issues on model validation: summary

Basic ideas about validation are virtually applicable to any model, and are equally consistent with modelling in a variety of fields Validation is purpose-dependent, based on equivalent definition of modelled and observed phenomena, to be substantiated over a variety of conditions (robustness), and possibly run at the level of individual processes in complex models Data quality raises the need of a system for grading the relative quality of the input and the relative importance of the variables to be fit Concerns regard specific aspects such as predictions in the far future and synchronization of modelled and observed peak values 

  Model comparison is complementary to proper validation VALIDATION OF MODELS (Bellocchi et al., 2010, Agron. Sustain. Dev.; ) A range of statistical measures and visual techniques can be used to assess goodness-of-fit of a model and to compare the performances of more models, depending on the problem context Indices difference-based indices (RMSE, EF, CRM, ...) association-based indices (slope, intercept, r, r 2 hierarchical, fuzzy logic based indicators

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Data accuracy and quality

The accuracy of a model is determined by the authenticity of the algorithms describing the processes of the real world the quality of both its input data and data used to evaluate its outputs Model validation must be accompanied by critical examination of the source and nature of the data used ------= --------------------=