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To assess forest productivity drivers and forest ecosystem responses along an 

extended environmental gradient and changing conditions across Central Europe

Long-term goal



Model 

Biome-BGCMuSo version 6.2
(Hidy et al. 2012, 2016, 2022) 

http://nimbus.elte.hu/bbgc/

MuFfin Framework Data - Central Europe

Network

Gradient of site and management

Regional forest 

adaptation
ELTE, NLC Zvolen, TU Zvolen, SL 

TANAPu, IBLES, CFRI, 

VULHM Opocno



Biome-BGCMuSo version 6.2
(Hidy et al. 2012, 2016, 2022) 

http://nimbus.elte.hu/bbgc/

Model

= an extension of Biome-BGC model
(Thornton et al. 1998, 2002, Thornton 2000)

http://www.ntsg.umt.edu/project/biome-bgc

- a „big-leaf“ process-based model

simulates a representative ecosystem area of 1m2 

at a daily time step

The model simulates:

- 3 primary biogeochemical (=BGC) cycles of 

carbon, 

nitrogen, 

water, 

through vegetation and soil in terrestrial 

vegetation types = biomes

- primary physiological processes: 

photosynthesis, evapotranspiration, respiration, 

decomposition, allocation of photosynthetic assimilate, 

mortality

http://www.ntsg.umt.edu/project/biome-bgc


Biome-BGCMuSo novel features

Many upgraded or new features:

- More detailed specification of soil – Multiple layers in soil –
specific soil texture, pH, and soil bulk density

- More detailed soil hydrology - groundwater

- Phenology module - seven phenophases, 
phase-specific carbon allocation

- Drought related plant senescence

- Management modules – thinning, 
harvesting, 
sowing, 
irrigation, 
mowing, grazing, ploughing



Data

Highly instrumented sites
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Fagus sylvatica

(Caudullo et al. 2017)



Simulations across the spatial domain
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(Grüneberg et al. 2019)

Robust Robust Plausible
(Welbrock et al. 2017,
modified)
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*** * *** *** ***R2

Beech production optimum
(Czajkowski et al. 2006; Pagan 1996; Paule 1995)

Carbon stock in aboveground wood
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Beech production optimum

(Schieber et al. 2013)
Optimum VPD range for plant growth 

(Noh and Lee 2022)
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Carbon stock in aboveground wood



*** *** *** *** *** *** *** *** ***

Carbon stock in soil

=



Carbon stock in soil
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Relationships between stocks and fluxes

(Čater and Ogrinc, 2011)

Mort

(Hidy et al. 2022)
x

x

(Meier and Leuschner 2010)



Summary

Simulations across the geographical domain were robust

Absolute values of examined carbon stocks were plausible

Majority of patterns and trends along environmental gradients of

carbon stocks and fluxes were consistent with literature

Discrepancies revealed future directions of model development

• water seems to play a minor role in affecting the simulated carbon-

related output

• coarse woody debris is overestimated due to the accumulaton

during the self-initialisation procedure

• impact of soil texture needs to be examined in more detail
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Biome-BGCMuSo v. 6.2
(Hidy et al. 2012, 2016, 2022) 

http://nimbus.elte.hu/bbgc/
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Original Biome-BGC 

(Thornton et al. 1998)

4 forest and 3 non-forest terrestrial 

types of vegetation (biomes)

(White et al. 2000)

BOKU Species-specific 

parametrisation

Pietsch et al. (2005)

for 6 Central European tree species

Norway spruce, European beech, 

Scots pine, oak spp., European larch, 

Cembran pine

Ecophysiological parameters

Biome-BGCMuSo

(Hidy et al. 2012, 2016)

New ecophysiological parameters

NAME INDEX ABREVIATION UNIT DEPENDENCE min max

biome type flag (1 = WOODY 0 = NON-WOODY) 0 flag_WonW integer 0 1

woody type flag (1 = EVERGREEN 0 = DECIDUOUS) 1 flag_EoD integer 0 1

photosyn. type flag (1 = C3 PSN 0 = C4 PSN) 2 flag_C3oC4 integer 0 1

phenology flag (1 = MODEL PHENOLOGY 0 = USER-SPECIFIED PHENOLOGY)3 flag_MoU integer if management, only 0 0 1

transferGDD flag (1= transfer calc. from GDD 0 = transfer calc. from EPC)4 flag_transfGDD integer 0 1

q10 flag (1 = temperature dependent q10 value; 0= constans q10 value)5 flag_Q10dep integer 0 1

acclimation flag (1 = acclimation 0 = no acclimation) 6 flag_ACC integer 0 1

CO2 conductance reduction flag (0: no effect, 1: multiplier) 7 flag_CO2 integer 0 1

use GSI index to calculate growing season (0: no GSI, 1: GSI)8 flag_GSI integer flag_MoU = 1 0 1

soil temperature calculation method (0: Zheng, 1: DSSAT) 9 flag_STCM integer 0 1

soil hydrological calculation method 10 flag_SHCM integer 0 1

discretization level of SWC calculation 11 flag_DL integer 0 1

 photosynthesis calculation method (0: Farquhar, 1: DSSAT)12 flag_photosyn integer 0 1

evapotranspiration calculation method (0: Penman-Montieth, 1: Priestly-Taylor)13 flag_ET integer 0 1

radiation calculation method (0: SWabs, 1: Rn) 14 flag_RAD integer 0 1

yearday to start new growth 15 YSG yday flag_MoU = 0 0 364

yearday to end new growth 16 YEL yday flag_MoU = 0 0 364

transfer growth period as fraction of growing season 17 GP prop flag_transfGDD = 0 0 1

litterfall as fraction of growing season 18 LP prop flag_transfGDD = 0 0 1

base temperature 19 T_base Celsius

minimum  temperature for growth displayed on current day 20 pnow_minT Celsius pnow params: double OR -9999 (no T-dependence of allocation) pnow_minT <= pnow_opt1T <= pnow_opt2T <= pnow_maxT

optimal1 temperature for growth displayed on current day 21 pnow_opt1T Celsius pnow params: double OR -9999 (no T-dependence of allocation) pnow_minT <= pnow_opt1T <= pnow_opt2T <= pnow_maxT

optimal2 temperature for growth displayed on current day 22 pnow_opt2T Celsius pnow params: double OR -9999 (no T-dependence of allocation) pnow_minT <= pnow_opt1T <= pnow_opt2T <= pnow_maxT

maxmimum temperature for growth displayed on current day 23 pnow_maxT Celsius pnow params: double OR -9999 (no T-dependence of allocation) pnow_minT <= pnow_opt1T <= pnow_opt2T <= pnow_maxT

minimum  temperature for carbon assimilation displayed on current day24 assim_minT Celsius assim params: double OR -9999 (no assim.limitation) assim_minT <= assim_opt1T <= assim_opt2T <= assim_maxT

optimal1 temperature for carbon assimilation displayed on current day25 assim_opt1T Celsius assim params: double OR -9999 (no assim.limitation) assim_minT <= assim_opt1T <= assim_opt2T <= assim_maxT

optimal2 temperature for carbon assimilation displayed on current day26 assim_opt2T Celsius assim params: double OR -9999 (no assim.limitation) assim_minT <= assim_opt1T <= assim_opt2T <= assim_maxT

maxmimum temperature for carbon assimilation displayed on current day27 assim_maxT Celsius assim params: double OR -9999 (no assim.limitation) assim_minT <= assim_opt1T <= assim_opt2T <= assim_maxT

annual leaf and fine root turnover fraction 28 LRTF 1/yr 0

annual live wood turnover fraction 29 WTF 1/yr flag_WonW = 1 0

annual whole-plant mortality fraction 30 WPM 1/yr flag_WonW = 1 0

annual fire mortality fraction 31 FM 1/yr 0 1

C:N of leaves 32 CN_lv kgC/kgN 0

C:N of leaf litter 33 CN_li kgC/kgN CN_li > CN_lv 0

C:N of fine roots 34 CN_ro kgC/kgN CN_ro > CN_lv 0

C:N of fruit 35 CN_fr kgC/kgN CN_fr > CN_lv 0

C:N of softstem 36 CN_ss kgC/kgN CN_ss > CN_lv 0

C:N of live wood 37 CN_lw kgC/kgN flag_WonW = 1 0

C:N of dead wood 38 CN_dw kgC/kgN flag_WonW = 1 0

leaf litter labile proportion 39 LLaP prop LLaP + LCeP <= 1 0 1

leaf litter cellulose proportion 40 LCeP prop LLaP + LCeP <= 1 0 1

fine root labile proportion 41 RLaP prop RLaP + RCeP <= 1 0 1

fine root cellulose proportion 42 RCeP prop RLaP + RCeP <= 1 0 1

fruit labile proportion 43 FLaP prop FLaP + FCeP <= 1 0 1

fruit cellulose proportion 44 FCeP prop FLaP + FCeP <= 1 0 1

softstem labile proportion 45 SLaP prop SLaP + SCeP <= 1 0 1

softstem cellulose proportion 46 SCeP prop SLaP + SCeP <= 1 0 1

dead wood cellulose proportion 47 WCeP prop flag_WonW = 1 0 0

canopy water interception coefficient 48 CWIC 1/LAI/d 0 1

canopy light extinction coefficient 49 CLEC dimless 0 1

potential radiation use efficiency 50 potRUE g/MJ flag_photosyn = 1 0

radiation parameter1 (Jiang et al.2015) 51 rad_param1 dimless flag_RAD = 1

radiation parameter1 (Jiang et al.2015) 52 rad_param2 dimless flag_RAD = 1

all-sided to projected leaf area ratio 53 SLA:PA dimless 0

ratio of shaded SLA:sunlit SLA 54 shSLA:suSLA dimless 0

fraction of leaf N in Rubisco 55 FLNR dimless 0

fraction of leaf N in PeP 56 FLNP dimless flag_C3oC4 = 0 0

maximum stomatal conductance 57 MSC m/s 0

cuticular conductance 58 CC m/s 0

boundary layer conductance 59 BLC m/s 0

rel. SWC: limitation1 (prop to field capacity) 60 relSWCcrit1 prop double (only if SWPcrit2 = -9999) OR -9999 (if SWPcrit2 = -9999 -> saturation, else SWPcrit2 is used)0

rel. SWC: limitation2 (prop to saturation) 61 relSWCcrit2 prop double (only if SWPcrit1 = -9999) OR -9999 (if SWPcrit1 = -9999 -> field capacity, else SWPcrit1 is used)0 1

rel. soil water potential: limitation1 (prop to field capacity) 62 SWPcrit1 prop double (only if relSWCcrit1 = -9999) OR -9999 (if relSWCcrit1 = -9999 -> saturation, else relSWCcrit1 is used)0

rel. soil water potential: limitation2 (prop to saturation) 63 SWPcrit2 prop double (only if relSWCcrit2 = -9999) OR -9999 (if relSWCcrit2 = -9999 -> saturation, else relSWCcrit2 is used)0 1

vapor pressure deficit: start of conductance reduction 64 VPDS Pa 0

vapor pressure deficit: complete conductance reduction 65 VPDC Pa 0

maximum height of plant 66 MPH m 0

stem weight at which maximum height attended 67 MSW kgC/m2 flag_WonW = 1 0

maximum depth of rooting zone 68 MRD m 0

root distribution parameter 69 RD prop 0

rootlenght parameter 1 (estimated max root weight) 70 rootlenght_par1 kgC/m2 0

rootlenght parameter 2 (slope) 71 rootlenght_par2 prop 0

growth resp per unit of C grown 72 GRC prop 0

maintenance respiration in kgC/day per kg of tissue N 73 mrpern kgC/kgN/d 0

theoretical maximum prop. of non-structural and structural carbohydrates74 NSC_SC_prop dimless 0 1

prop. of non-structural carbohydrates available for maintanance resp75 NSC_avail_prop dimless 0 1

symbiotic+asymbiotic fixation of N 76 Nfix kgN/m2/yr 0

Allocation

Crop specific

Growing season

CH4

Phenological

Plant functioning

Rate scalars

Senescence

Soil



1. Plausible ranges of individual parameters 

for main temperate forest tree species

2. Sensitivity analysis - Monte Carlo approach (Verbeeck et al. 2006)

3. Statistical calibration –

Generalised likelihood 

uncertainty estimation

Regional adaptation of Biome-BGCMuSo

• Beech

• Oak

• Spruce
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Other stocks and fluxes

(Čater and Ogrinc, 2011)

Soil water content 

(Kaufmann and Cleveland, 2008)

(Hartley et al., 2021)

x x

(Čater and Ogrinc, 2011)



Relationships between stocks and fluxes

(Hartley et al., 2021)

x

(Čater and Ogrinc, 2011)

(Vesterdal &

Raulund-Rasmussen, 1998)

Mort

(Hidy et al. 2022)
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