
Multimodel parameter optimisation of JSBACH conductance, GPP and 

ET formulations against micrometeorological flux data at boreal sites 

We study the effect of using different stomatal conductance formulations on the parametrization of 

JSBACH, which is the land surface component of the Earth System model of Max Planck Institute 

for Meteorology (MPI-ESM). The results in this poster are from calibrating the chosen JSBACH 

model parameters with Bayesian methods on six measurement sites on the boreal zone. 
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Methods 
 

We use a Monte Carlo method called adaptive population 

importance sampler (APIS) to sample the joint probability 

distributions of our chosen parameters. The algorithm cycles 

throught the conductance formulations and thus the estimates 

for the the ”general” parameters are affected by each 

conductance model. 

 

This method minimises cost function, which calculates errors 

in modelled and observed quantities of evapotranspiration 

(ET), gross primary production (GPP): 
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Measurements 
 

The model calibration is done on six boreal evergreen 

needleleaf forest sites. The measurement interval is 30 minutes 

but the model is run (and cost function calculated) on a daily 

level. The measurements are looped to generate a 20 year 

spin-up for the model to reach a (semi) steady state. The first 

year of the calibration period is discarded. 

The conductance models 
 

The JSBACH model has been fitted with six different stomatal 

conductance formulations, following Knauer (2015). Four of 

these are emprical Ball-Berry type models and the other two 

are the standard JSBACH conductance formulation (baseline) 

and the Bethy approach (Knorr 2000). 

 

In baseline model version (Knorr et al. 2000) the potential 

stomatal conductance is first calculated without water stress 

and then scaled by the water stress factor β. 
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The Bethy approach (Knorr 2000) assumes that transpiration 

rate is limited by either atmospheric demand or water supply. 

The potential transpiration is then reduced by the stronger of 

these restictions.  

  

The Ball-Berry type models have empirically fitted parameters 

g0 and g1 (as well a and b).  
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Friend (and Kiang 2005): 𝑔𝑠 = 𝑔0 + 𝑔1𝛽
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Site Lat Lon Elev. Calib. 

CA-Obs 53.9872 -105.1178 629 (m a.s.l) 1999–2003 

CA-Ojp 53.9163 -104.6920 579 (m a.s.l) – 

CA-Qfo 49.6925 -74.3421 382 (m a.s.l) 2004–2008 

FI-Hyy 61.8474 24.2948 180 (m a.s.l) 1999–2003 

FI-Ken 67.9872 24.2430 337 (m a.s.l) 2003–2007 

FI-Let 60.6418 23.9597 119 (m a.s.l) – 

FI-Sod 67.3619 26.6378 179 (m a.s.l) 2001–2005 

RU-Fyo 56.4476 32.9019 265 (m a.s.l) 2001–2005 

RU-Zot 60.8008 89.3508 121 (m a.s.l) – 

US-Prr 65.1237 -147.4876 210 (m a.s.l) – 

Parameter Units Description 

α - Farquhar model efficiency for photon capture at 25 degrees C. 

Ci - Ratio of C3-plant internal/external CO2 concentration. 

Vc,max * Maximum carboxylation rate at 25 C (coupled with a factor 1.9 to 

maximum electron transport rate). * mol(CO2) m-2 s-1 

cb - Adjustment parameter used in stability functions for momentum and heat. 

qa - Adjustment parameter for scaling β factor. 

pint - Fraction of precipitation intercepted by the canopy. 

θwilt - Fraction of soil moisture at permanent wilting point. 

θcrit - Fraction of soil moisture above which transpiration is not affected by soil moisture stress. 

θhum - Fraction depicting relative humidity based on soil dryness. 

θdr - Critical fraction of field capacity above which fast drainage occurs for soil water content. 

Talt °C LoGro phenology: alternating temperature. Cutoff temperature used for calculating heatsum to 

determine the spring event and the number of chill days since the last autumn event. 

Tdecay - LoGro phenology: memory loss parameter for chill days. 

Tps °C LoGro phenology: memory loss parameter for calculating pseudo soil temperature 

Smin °C LoGro phenology: minimum value of critical heat sum. 

Srange °C LoGro phenology: maximal range of critical heat sum. 

Ssm m Depth for correction of surface temperature for snow melt. 

wskin m Maximum water content of the skin reservoir of bare soil. 

𝐴𝑛  Net assimilation rate 

𝐶𝑎  Atmospheric CO2 concentration 

𝐷  Vapour pressure deficit 

𝐺𝑎  Aerodynamic conductance 

𝐺𝑐   Canopy conductance (integral of 𝑔𝑠) 
𝑔𝑠  Stomatal conductance 

ℎ𝑠  Relative humidity at leaf surface 

𝑞(𝑠𝑎𝑡)  (Saturation) specific humidity 

𝜃  Volumetric soil water content 

Γ   CO2  compensation point 

 

 

Conclusion 
 

• The optimisation for the separate conductance formulations proved effective although some of the parameters were 

constrained to the edge of the given range. 

• There is a large variation on the different parametrisations and they have a significant impact on the results. 

• There is no clear indication as to which of the conductance models is the ”best” with regards to our parametrisation. 

• The use of jointly estimated parameters reduces the agreement between the model and observations. 

• Further analysis with separate validation periods (and sites) are underway. 

Fig. 1. Parameter posterior probability distributions for apis 

(cycling all conductance formulations) and for each conductance model separately. 

The distributions are scaled with the relative cost function values. 

Fig. 2. Daily values of observed and modelled evapotranspiration (ET) and gross primary production (GPP) as well as water use efficiency (WUE). The 

four columns on the left are calculated using the posterior parameter values from the joint apis run (fig. 1.) and plotted for each calibration site separately. 

The four columns on the right are calculated with the conductance specific optimised parameters and plotted with the site mean. 

Site specific results Conductance model specific results 


