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Difficulties

• Models are often overparameterised 

• Impossible to identify parameters 

• Extrapolation:
– Location
– Boundary conditions
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Data Based Mechanistic Modeling (Young, 2003)

1. Definition of modelling objectives  

2. Model structure identification

3. Constant parameter estimation 

4. Nonparametric time variable or state dependent 
parameter estimation

5. Parameterization of state dependency and
optimization of non-linear model 

6. Physical interpretation of model structure

7. Testing, „Validation“ – uncertainty and sensitivity 
analysis



1. Modelling Objectives   
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2. Model Structure Identification

Generic class of Transfer Function Models (TFM):
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2. Model Structure Identification

0. SbzwRE n∝λ )()()( ttREFtE En λξλ +⋅=

Evaporative Fraction (EF):
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2. Model Structure Identification
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3. (Constant) Parameter Estimation

λE, Havard Forest 1998-99:
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3. (Constant) Parameter Estimation

CO2, Havard Forest 1994:
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4. Time and State Dependence

)()()( 0 ttSEFtE Eλξλ +⋅=

non-stationary, dynamic

2
( ) ( )CO PbPb t LUE PAR t= ⋅ + ξ



4. Time and State Dependence

)()()( 0 ttSEFtE Eλξλ +⋅=

non-stationary, dynamic

Dynamic Linear Regression  (Young, 1999)
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4. Dynamic Linear Regression   
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4. Dynamic Linear Regression   
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4. Time and State Dependence   
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4. Time and State Dependence   
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5. Model Optimization   
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4. Time and State Dependence

non-stationary, dynamic

2
( ) ( )CO PbPb t LUE PAR t= ⋅ + ξ



4. Time and State Dependence

CO2, Havard Forest 1994:

0 50 100 150 200 250 300 350
-5
0
5

10
15
20

LU
E(

t)
[g

 M
J-1

] Parameter
Standardabweichungerror bounds

Time [days]



4. Time and State Dependence

CO2, Havard Forest 1994:

error bounds
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4. Time and State Dependence

CO2, Havard Forest 1994:

error bounds
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4. Time and State Dependence

CO2, Havard Forest 1994:

error bounds
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5. Optimzation 

CO2, Havard Forest 1994:
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6. Physical Interpretation
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7. Testing – “Validation”
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Conclusions

• Data-based modelling strategies allow for identification:
– Simplest possible structure 
– Effective parameter values 

• Advantage for regionalization within PUB  
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