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Phenology is governed, or limited, by: 

 Temperature 

 Day length 

 Water availability 

 NPP (net primary productivity) 

Two approaches for phenology not depending on NPP adopted from: 

  Polcher, J. (1994), Thèse de doctorat, Univ. Pierre et Marie Curie, Paris 

  Knorr, W., et al. (2010), J. Geophys. Res., 115, G04017 
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Land surface scheme 

TERRA 

Layers for temperature and 

soil water content 

 

 

 

Experiments: 
 

 Use atmospheric forcing to run 

TERRA in offline mode 

 Here, observed forcing from DWD 

observatory Lindenberg is used 

(Falkenberg site) 

Heise et al. (2006) 
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T(t) =
TS(t + t )et t dt
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Phenology determining temperature 

This is equivalent to an exponentially declining memory of the plants for the surface 

temperature TS.     is the averaging period for TS. t
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LAI(t) =

LAImin if T(t) £ T1

LAImin +
T(t)-T1

T2 -T1

(LAImax - LAImin ) if T1 < T(t) £ T2

LAImax if T2 < T(t)

ì

í

ï
ï

î

ï
ï

Phenology as function of temperature 
based on Polcher (1994) 

T1 : minimum limiting temperature 

T2 : maximum limiting temperature 

LAImin , LAImax : minimum and maximum value of LAI 
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Inter-annual variability at Lindenberg 
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based on Polcher (1994) 



J.-P. Schulz: TERRA developments 4 Mar. 2015 10 

dLAI(t)

dt
=

kgrow(LAImax  - LAI(t)) if T(t) ³ Ton/off

kshed(LAImin  - LAI(t)) else

ì

í
ï

îï

Phenology as function of temperature 
based on Knorr et al. (2010) 

Ton/off : leaf onset and offset temperature 

kgrow , kshed : growth rate and shedding rate 

LAImax , LAImin : maximum and minimum value of LAI 
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based on Knorr et al. (2010) 
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Conclusions 

 With the current parameterization TERRA can not account for the inter-annual 

variability of the phenology. 

 Two approaches based on Polcher (1994) and Knorr et al. (2010) for simulating 

the seasonal cycle of phenology as function of temperature were implemented. 

 The first one improves the simulations, the second one even gets very close to 

the observations of latent heat flux. 

 The approach by Knorr et al. (2010) appears to be favourable due to the use of 

the concept of growth and shedding rates. 

 The next steps are the extension of the scheme to more vegetation types, 

e.g. trees (deciduous and evergreen), and the implementation into the 

three-dimensional coupled model code. 

19 



J.-P. Schulz: TERRA developments 4 Mar. 2015 

Conclusions 

 With the current parameterization TERRA can not account for the inter-annual 

variability of the phenology. 

 Two approaches based on Polcher (1994) and Knorr et al. (2010) for simulating 

the seasonal cycle of phenology as function of temperature were implemented. 

 In addition, the approach by Stöckli et al. (2008, 2011) was implemented, 

including functions of temperature, but also of day length and water availability. 

 It combines the concepts of threshold values (Polcher 1994) and of growth and 

decay rates (Knorr et al. 2010). 

 The next steps are the inclusion of the full 35 plant functional types, and the 

implementation into the three-dimensional coupled model code. 

20 



4 Mar. 2015 

WG EVAL: Coordinated Evaluation Project 

21 J.-P. Schulz: TERRA developments 

Aim of this WG task is to carry out a coordinated parameter testing of the new 

reunified version COSMO5.0-CLM and give a recommendation on the parameters 

to the users. We would like to end in an evaluated community version including an 

evaluation report. 

 

For most of the simulations the following facts have been defined: 

 

• domain: CORDEX-EU 

• simulation period: 1979-2010 (currently only until 2000) 

• evaluation period: 1981-2010 (1981 - 2000) 

 

Reference simulation for all tests is CON502, done by Klaus Keuler. 
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Parameter test: 
 

Bare soil evaporation: 

 Replace BATS by ISBA 

 This reduces the bare soil 

evaporation 

Geyer et al. (2014) 
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BSS T_2M 

BSS TOT_PREC 
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Conclusions 

In the experiment the parameterisation for the bare soil evaporation was changed 

from BATS to ISBA. This reduces the bare soil evaporation. 

 2-m temperature and total precipitation are improved on average over 

European domains. 

 Cold and wet biases mainly in spring are reduced. 

 Cold bias of maximum 2-m temperature is reduced, but warm bias of minimum 

2-m temperature is enhanced. 
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