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1 Supplementary informations to the description of the LPJmL4 model

Fig. 1 gives a schematic overview of the model structure represented in LPJmL4. Fig. 2 to 4 pro-

vides further information of implemented processes in LPJmL4. Furthermore, we provide a list of

applications which have used the LPJmL model (Table 1). This represents not a complete list of

all references with LPJmL applications, but it illustrates the range of fields for topical, spatial and5

temporal use of the model. Complementary to the associated Schaphoff et al. (submitted) we give a

comprehensive list of parameters (Tables 2 to 12) used by the model and are described in Schaphoff

et al. (submitted). Additionally, we provide a list of equations (Table 13), which are described in

detail by the associated manuscript.
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NIR
net irrigation requirements

• soil water deficit 
  in upper 50 cm
• for each CFT
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NC
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++
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Applied 
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if soil moisture <
irrig. threshold (IT)
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-
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GIR
gross irrigattion requirements

GIR =
NIR+AR− Store

conveyance efficiency

Sprinkler
• above canopy
• lateral runoff,
  percolation

Surface
• below canopy
• surface + lateral
  runoff, percolation

Drip
• below surface
• soil evaporation 
  reduced by 60%

Figure 2. Irrigation water flows in LPJmL4 from plant-specific net irrigation requirement to actual field appli-

cation. Variables represented in grey-shaded boxes depend on system-specific parameters that are presented in

Table 2, adopted from Jägermeyr et al. (2015).
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no seasonality

precipitation seasonality

both seasonalities and
temperature of coldest
month > 10°C

temperature seasonality

both seasonalities and 
temperature of coldest
month <= 10°C

Figure 3. Seasonality types for sowing date calcula-

tion.
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Figure 4. Leaf carbon (x-axis) that is remaining after

harvest (solid line) and being harvested (between solid

and dashed lines).
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Table 2. Model PFT-specific bioclimatic limits similar as in Sitch et al. (2003).

PFT Tc,min Tc,max GDDmin

(◦C) (◦C) (◦C)

TrBE 15.5 - -

TrBR 15.5 - -

TeNE -2.0 22 900

TeBE 3.0 18.8 1200

TeBS -17.7 15.5 1200

BoNE -32.5 -2.0 600

BoBS - -2.0 350

BoNS -46.5 -5.4 350

TrH 7.0 - 6500

TeH -39.0 15.5 -

PoH - -2.6 -

Table 3. PFT-specific albedo and light extinction values.

PFT βleaf βstems βlitter k αa

TrBE 0.14 0.10 0.10 0.5 0.4

TrBR 0.13 0.07 0.060 0.5 0.4

TeNE 0.137 0.04 0.01 0.4 0.4

TeBE 0.15 0.04 0.10 0.5 0.4

TeBS 0.15 0.04 0.10 0.6 0.4

BoNE 0.13 0.10 0.10 0.4 0.4

BoBS 0.18 0.10 0.10 0.5 0.4

BoNS 0.12 0.05 0.01 0.6 0.4

TrH 0.21 - 0.10 0.4 0.4

TeH 0.20 - 0.10 0.4 0.4

PoH 0.21 - 0.10 0.4 0.4

BTrT 0.13 0.04 0.10 0.6 0.8

BTeT 0.14 0.04 0.10 0.6 0.8

BGrC4 0.21 - 0.10 0.6 0.8

All crops 0.18 - 0.06 0.5 1.0

βleaf is leaf albedo, βstems is the albedo of stems, βlitter is albedo

of litter, k is the light extinction coefficient in Lambert-Beer

relationship, αa is a scaling factor from leaf to ecosystem level

(Haxeltine and Prentice, 1996). βleaf as suggested by Strugnell et al.

(2001), βstems and βlitter parameters are determined by a tuning

process described by Forkel et al. (2014).
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Table 4. Global parameters and constants similar as in Sitch et al. (2003) and Schaphoff et al. (2013).

Symbol Value Units Description

Energy balance

cwater 4.2× 106 J m−3 K−1 heat capacity of water

cmin 1.9259× 106 J m−3 K−1 heat capacity of mineral soil

cice 2.1× 106 J m−3 K−1 heat capacity of ice

Vegetation

structure

kallom1 100 Parameter for allometric relation ship Eq. 50

kallom2 40 Parameter for allometric relation ship Eq. 49

kallom3 0.67 Parameter for allometric relation ship Eq. 49

kla:sa 4000 leaf area to sapwood area Eq. 47

WD 20000 gC m−3 wood density Eq. 51

krp 1.6 Reineke parameter Eq. 50

Photosynthesis

[O2] 20900 Pa O2 partial pressure

KO25 30000 Pa Michaelis constant for O2 at 25°C

KC25 30 Pa Michaelis constant for CO2 at 25°C

τ25 2600 τ at 25°C

Q10KO
1.2 Q10 for temperature-sensitive parameter KO

Q10KC
2.1 Q10 for temperature-sensitive parameter KC

Q10τ 2.1 Q10 for temperature-sensitive parameter τ

αC3 0.08 intrinsic quantum efficiencies for CO2 uptake in

C3 plants

αC4 0.053 intrinsic quantum efficiencies for CO2 uptake in

C4 plants

θ 0.7 Co-limitation (shape) parameter

Plant respiration

bC3 0.015 rate per day leaf respiration as fraction of Vm for C3 plants

bC4 0.035 rate per day leaf respiration as fraction of Vm for C4 plants

CNsapwood 330 C:N ratios for above-ground tissue

CNroot 30 C:N ratios below-ground tissue

rgr 0.25 share of growth respiration

k 0.0548 rate per day respiration coefficient Eq. 42

Establishment

and mortality

kest 0.12 saplings m−2 establishment rate

kmort1 0.03 yr−1 asymptotic maximum mortality rate

kmort2 0.2 coefficient of growth efficiency for mortality

twPFT 400 ◦C Parameter for heat damage function

Soil and litter

decomposition

τ10root,litter 0.3 yr−1 mean residence time of roots in litter Eq. 91

τ10root,fastSoil 0.03 yr−1 mean residence time of roots

in fast soil carbon pool Eq. 91

τ10root,slowSoil 0.001 yr−1 mean residence time of roots

in slow soil carbon pool Eq. 91

12



Table 5. PFT-specific parameters of litter turnover rates suggested by Brovkin et al. (2012).

PFT τ10leaf,litter τ10wood,litter Q10wood,litter ksoc

(yr−1) (yr−1) (-) (-)

TrBE 0.93 0.039 2.75 0.38009

TrBR 1.17 0.039 2.75 0.51395

TeNE 0.70 0.041 1.97 0.32198

TeBE 0.86 0.104 1.37 0.43740

TeBS 0.95 0.104 1.37 0.28880

BoNE 0.76 0.041 1.97 0.28670

BoBS 0.94 0.104 1.37 0.28670

BoNS 0.76 0.041 1.97 0.28670

TrH 0.97 - - 0.46513

TeH 1.20 - - 0.38184

PoH 1.20 - - 0.38184

BTrT 0.93 0.039 2.75 0.38009

BTeT 0.95 0.104 1.37 0.28880

BGrC4 0.97 - - 0.46513

All crops 0.97 - - 0.40428

Table 6. PFT-specific parameters.

PFT βroot gmin αleaf τleaf τroot τsapwood rPFT lrmax

(mm s−1) (yr) (yr) (yr) (yr) gC gN−1

day−1

TrBE 0.962 0.5 2.0 2.0 2.0 20.0 0.2 1.0

TrBR 0.961 0.5 0.65 1.0 1.0 20.0 0.2 1.0

TeNE 0.976 0.5 4.0 4.0 4.0 20.0 1.2 1.0

TeBE 0.964 0.5 1.0 1.0 1.0 20.0 1.2 1.0

TeBS 0.966 0.5 0.5 1.0 1.0 20.0 1.2 1.0

BoNE 0.943 0.3 4.0 4.0 4.0 20.0 1.2 1.0

BoBS 0.943 0.5 0.5 1.0 1.0 20.0 1.2 1.0

BoNS 0.943 0.5 0.5 1.0 1.0 20.0 1.2 1.0

TrH 0.972 0.5 0.5 1.0 2.0 - 0.2 0.60

TeH 0.943 0.5 0.5 1.0 2.0 - 1.2 0.60

PoH 0.943 0.5 0.5 1.0 2.0 - 1.2 0.60

βroot is the root distribution slope parameter for water availability, gmin is the minimum canopy

conductance, αleaf is the leaf longevity, τleaf,root,sapwood is the compartment specific turnover times,

rPFT is the respiration coefficient for maintenance respiration of sapwood and root, lrmax is the

maximum leaf-to-root mass ratio
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Table 7. PFT-specific parameters for the SPITFIRE module.

PFT αp ρb me Φw scorch height crown

length

rCK p

TrBE 0.0000334 25 0.3 0.4 0.1487 0.3334 1.0 3.00

TrBR 0.0000334 13 0.3 0.4 0.0610 0.1000 0.05 3.00

TeNE 0.0000667 25 0.3 0.4 0.1000 0.3334 1.00 3.75

TeBE 0.0000334 22 0.3 0.4 0.3710 0.3334 0.95 3.00

TeBS 0.0000667 22 0.3 0.4 0.0940 0.3334 1.0 3.00

BoNE 0.0000667 25 0.3 0.4 0.1100 0.3334 1.0 3.00

BoBS 0.0000667 22 0.3 0.4 0.0940 0.3334 1.0 3.00

BoNS 0.0000667 22 0.3 0.4 0.0940 0.3334 1.0 3.00

TrH 0.0000667 2 0.3 0.6 - - - -

TeH 0.0000667 4 0.3 0.6 - - - -

PoH 0.0000667 4 0.3 0.6 - - - -

αp defines the slope of the probability risk function, ρb is the fuel bulk density,me is the moisture of

extinction,Φw is the windspeed dampening , rCK is the resistance factor, p is the crown damage parameter
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Table 10. Model parameters describing biomass plantation management.

BFT Corresponding biomass crop Harvest interval Plant density (ha−1)

BTrT Poplar, Willow 8 years 8000

BTeT Eucalyptus 8 years 5000

BGrC4 Miscanthus, Switchgrass (Multiple) annual harvest n.a.

Table 11. Overview of BFT parameter values and constants in model equations.

Parameter Description BTrT BTeT BGrC4

gmin Minimum canopy conductance 0.3 0.2

LAIsapl Leaf area index of saplings (-) 1.6 1.6

αa fraction of PAR assimilated at

ecosystem level, relative to leaf

level (-)

0.8 0.8 0.8

Tlim,CO2 lower and upper temperature limit

for CO2 (◦C)

4, 55

Tlim,opt,photo lower and upper limit of temper-

ature optimum for photosynthesis

(◦C)

15, 30 25, 38 15, 45

Tlim,cold,month lower and upper coldest monthly

mean temperature (◦C)

-30, 8 7, 1000 -40,

1000

ρb Fuel bulk density 13

τleaf,root,sapwood Turnover leaf, sapwood, root 1, 10, 1 2, 10, 2

CAmax Tree maximum crown area (m2) 1.25 2

Csapwood,sapling sapling carbon (gC m−2) 2.3 2.2

kallom1 Allometry parameter 1 110 110

kallom2 Allometry parameter 2 35 35

kallom3 Allometry parameter 3 0.75 0.75

kest Saplings per m2 0.8 0.5
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