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3 Hänninen, 1990 



Progress in science – Hänninen, 1990 
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• State – rate approach: Sarvas (1972) 
• Competence function: Pelkonen, Hari 

(1972, 1980, ...) 



Progress in science - Hänninen & Kramer, 2007 

 

6 

S – state 

R – rate 

C – competence 

E – environment 

pot = potential 

• E-models 

• ES-models 
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Models of ontogenetic development 

fixed sequence fluctuating 

Pelkonen 

Hari 

Leinonen 

Kellomaki 



coupled fixed-sequence – fluctuating 

development model 
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Leinonen 

Kellomaki 



Characteristics fixed sequence- vs 

fluctuating development 
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Fixed- 
Sequence 

Fluctuating 

Driving force environment fluctuations in 
environment  

Genetics rate of 
ontogenetic 
development, 
thresholds 

stationary 
states, time 
constants 
 

Development irreversible Reversible 



10 

Modelling annual cycle of development to assess: 

• timing of bud burst (fixed-sequence) 

• timing growth cessation (fixed-sequence) 

• seasonality frost hardiness (fluctuating) 

• seasonality of photosynthetic capacity (fluctuating) 

Kramer & Hänninen, 2009 



assess importance of frost hardiness 
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LA – effect of frost damage on leaf area 

Amax – effect of frost hardiness on photosynthetic capacity 

 

|<         growing season     >| 

Kramer & Hänninen, 2009 



Implications for gas exchange 
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Kramer & Hänninen, 2009 



Long-term implications on growth & yield 
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Kramer & Hänninen, 2009 
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25 years of collaboration HH – KK on 

phenology modelling – what did we learn? 

• there is still a lot to be learned considering 

the ontogenetic development of plants, and 

trees in particular 

• we have developed a nice conceptual 

framework, yet our models are still a strong 

simplification of reality 
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