APPENDIX 3A

LPJmL Dynamic Global Vegetation Model*
Standard Outputs
and

Inventory of Process Equations

! Excerpted from Schaphof 2018 (equation sources and authorities are provided in the technical supplement to cited paper, available at GMD - LPJmL4 —a
dynamic global vegetation model with managed land — Part 1: Model description (copernicus.org)).
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https://gmd.copernicus.org/articles/11/1343/2018/
https://gmd.copernicus.org/articles/11/1343/2018/

Standard Outputs Computed by LPJmL 4

Variable Units
Soil carbon gCm~ !
Carbon pools Litter c;llrbon ¢Cm 1
Vegetation carbon ¢Cm
Above ground biomass gCm™!
Monthly net primary production ¢Cm " month ™!

Carbon fluxes

Monthly gross primary production
Monthly soil respiration
Annual fire carbon emissions

¢Cm™* month™

¢Cm ™! month™
—1

eCm™

1

d

1
1

Water fluxes

Monthly interception
Monthly transpiration
Monthly evaporation

Monthly runoff

mm month !
mm month ™!
mm month ™!
mm month !

Monthly discharge hm™2 day ™!
Monthly grid cell albedo -
Monthly fraction of absorbed PAR -
Foliage projected cover -
Crop yields gCm~ta™?

Sowing dates

day of the year
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Equation Table Describing the Different Processes Represented in the LPJmL4 Model

Parameter/Variable

abbreviation | unit

| Equation

Energy balance

Photosynthetic active radiation

conversion factor from J to mol for solar radiation
at 550 nm

daily incoming solar irradiance

potential evapotranspiration
equilibrium evapotranspiration

daily surface net radiation
latent heat of vaporization
slope of the saturation vapour pressure curve

psychrometric constant

Priestley-Taylor coefficient

net surface radiation

incoming solar irradiance (downward) at the sur-
face

outgoing (upward positive) net long-wave radia-
tion flux at the surface

albedo

albedo bare soil

albedo snow

plant compartments specific albedo
coverage of bare soil

coverage of snow

empirical constant

empirical constant

mean daily air temperature

net outgoing daytime long-wave flux
angular distance between the sun’s rays and the
local vertical

proportion of bright sky

empirical constant

PAR

18 soil
13 Snow
B PFT
£ bare
Fanow
b

A
Tair
Ry,

z

ni
C

mol m—2 day—!

Im=2day—!

mm day—!

mm day—!
Im~2 day—!
Tke!
PaK~!
PaK-!

W m—2
W m—2

W m—2

Oc‘
ITm=2 day—!

PAR=05-¢;-R
cy=4.6-10""F

Sday

Rey = (c+d-ni)-Qq-(sin(lat)-sin(d) - ky 9 +cos(lat) -
cos(9) - hy/2)
PET =PT- Eqq

s R”day

e s+ D)

A =2.495 % 10% + 2380 - T,,;,

5=2.502 % 10 - exp[17.269 - Ty;,/(237.3 + (237.3 +
Tir))]/(237.3 4 Tuir)?

7 = 65.05 + 0.064 - Ty

R, = (c+d-ni)-Qq-cos(z) or as input

Ry = (b+(1—0) ni)- (A — Ty, ) or as input

‘3 = EQFF?T=1 ?SFF'T N FPCPFT + Fbm'c * (anow . ﬁsnow +
(1 - anow) " .Ssoil)

see Prentice et al. (1993)
see Prentice et al. (1993)

R, = R - daylength - 3600

ni = 1 — cloudiness
see Prentice et al. (1993)
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Parameter/Variable abbreviation unit | Equation
empirical constant d see Prentice et al. (1993)
solar constant Qo W m—2 Qo =Qoo-(1+2-0.01675-cos(2-7-1/365))
solar zenith angle z cos(z) = sin(lat) - sin(d) + cos(lat) - cos(d) - cos(h)
latitude lat radians
hour angle h
solar declination a radians §=—-234-7/180-cos(2-m- (i + 10)/365)
half-day length hisa angular units hq o = arccos(—(sin(lat) - sin(d))/(cos(lat) - cos(d)))
duration of sunshine of a single day daylength hours daylength = 24 - hf_;'?
Soil temperatures Tooit °C oot — @ - %
thermal diffusivity a=A/c m?s!
thermal conductivity A Wm ! K!
soil layer l
time step t
stability criterion r r= (z—%f;r
Heat Capacity C ] K_l m_3 € = Cmin * Mmin T+ Cwater * Mwater T Cice * Mice

soil minerals Cinin

soil water content Cwater

soil ice content Cico
corresponding shares of ¢yin. Cwaters Cice m m?

Plant physiology
absorbed photosynthetically active radiation APAR mol m—2 day—1! APARppr = PAR - FAPARprT - 0Vappr
fractional absorbed photosynthetically active radi- FAPARppt FAPARppT = FPCppr - ((pheonT —Fsnowae) - (1—
ation _
Brear.pr) — (1 — phenprr) - Crtem - .dstcm.FFT))
scaling factor to scale leaf-level photosynthesis in cappr
LPJmL4 to biome level
daily phenological status phenppr
fraction of snow in the green canopy Fsnowac
foliage projective cover of the respective PFT FPCppr FPCppr =CAjnq- P-FPCig
masking of the ground by stems and branches  cgtem
without leaves
gross photosynthesis rate Aga eC m—2 day~! Agg = (JE,- +Je—(Ug+Je)2—4-0-Jg- J(_") /(2-
) - daylength

light-limited photosynthesis rate Ji mol Cm~2 hour=! | Jp=0C4 - %

for C3-Photosynthesis Cy=acy  Taress - (L;ZFF)
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Parameter/Variable abbreviation unit Equation
for C4-Photosynthesis C1 =acy  Tairess (Am::m )

internal partial pressure of COy P Pa Pi=A-Pa )
ambient partial pressure of COq Pa Pa
parameter describing the ratio of the intercellular A
to the ambient CO5 concentration
PFT-specific temperature inhibition function Tetress
intrinsic quantum efficiencies for CO, uptake in  ag,
C;3 plants
intrinsic quantum efficiencies for CO uptake in  a¢,
Cy plants
CO9 compensation point I, I.= [20_2]
specificity factor T T = 3’ Rfo
Michaelis-Menten constant of CO2 Ke
Michaelis-Menten constant of Oy Ky
partial pressure of Oq 05 Pa
Rubisco-limited photosynthesis rate Je molCm~2hour™! | Jo=C4-V,,
maximum Rubisco capacity Vin gC m=2 day —! Vin = % : g—; ((2-0-1)-s—(2-0-5—C3) -0)- APAR

o= 1- (%2:925

s s = 24/daylength - b
— pi—T.

leaf respiration Rieat 2C m~=2 day ! Rioar = Vi - b
daily net photosynthesis Ana eCm—2 day !
dark respiration Ry gCm~2 day —! Ry = (1 —daylength/24) - Ricar
daily net daytime photosynthesis Agae eC m~2 day —! Agj=Aa+ Ry
canopy conductance Je mms~’ e = Gmin + %
PFT-specific minimum canopy conductance Jmin mms—!
daily phenology status phenppr phenppr = feold * flight * fwater * fhcat
limited by cold temperatures feold
relation to light Slight
relation to waler availability Twater
limited by heat stress Theat
inflection point of the respective logistic function b,
slope of the respective logistic function sl,
change rate parameter Te
CN ratio of above-ground tissue CNaapwood
CN ratio of below-ground tissue CNioot
Temperature T (Tair, Tsont) | °C
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Parameter/Variable abbreviation ‘ unit Equation

phenology phenpyrr

autotrophic respiration aboveground tissue Reapwood eCm~? day—! Repwooa = P -rppr - k- % ~q(Toir)
autotrophic respiration belowground tissue Rooot gCm~? day—! Rt =P -rppr - k- Lcmitnti - 9(Tsoin) - phenppr
respiration rate rpET eC oN—! day —!

temperature function 9(T) g(T) = exp {308.56- (T.loz — m)]

leaf respiration Rioar Rigasr =V ' b

static parameter b

daily net primary production NPP eCm~? day—! NPP =0.75 - (GPP — Ryionr — Runpwood — Froot)

Plant functional types (PFT)

leaf mass

fine rool mass

sapwood mass

heartwood mass

average individual leaf area

ratio of leaf to sapwood area
sapwood cross-sectional area

grass leaf biomass

leaf-to-root mass ratio

maximum leaf-to-root mass ratio
tree height

stem diameter

Crown area

constant wood density

individual leafl area index

specilic leal area

leaf longevity

parameter for SLA calculation
parameter for SLA calculation

dry matter carbon content of leaves
foliar projective cover

mean number of individuals per unit area
establishment rate

background mortality rate

yearly growth efficiency
asymplotic maximum mortality rate

Cloaf,ind
Cl‘oot._ind
Csapwood,iud
Chca.rtwood,ind
LAing

kla:sa

SAind

Cloaf

Ir

]-r max

H

D
CAina
WD
LAL,q
SLA
Mleaf

Bo

b1
DM,
FPCina
P

kc:.t
mortg g
greff
r]Icmn:;rtl

oC-ind™!
¢C-ind ™!
gC-ind~!
eC-ind~1
m?- ind—!

eCm~2

m

m

m?- ind—!
eCm—?

m? gC—!
months

ind m—2
saplingsm—2 a—!
indm~—2a~1

LAind = kla:sa ' SAind

Cleaf = Irmax - @ - Croots
Ir= ]rp . H"ysupply/ Waemand

H = kallomZ . [kalloma

krp

CAind = kalloml - D

H— Ceapwood.ind ‘Kla:sa
— WD-Cleaf inaSLA

Cleaf,ind -SLA
LALina = CAina
SLA = 2% 10 % ) 1[][,’3(]—.51 log(aear )/ log(10)
DMe

Kattge et al. (2011)
Kattge et al. (2011)
Kattge et al. (2011)
FPCind =1- eXp(f.IL‘ - LAIind)

k
mort — P . mortl
greff T+ Fmort2-greff
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Parameter/Variable abbreviation unit ‘ Equation
parameter governing the slope of the relationship  kmort2
between mortality and growth efficiency
heat stress MOTtpent indm=2a~! Mortyent = P - f‘f}::;
parameter value of the heat damage function tWppT
temperatures above threshold (accumulated) gdd,,, eC
Nesterov index NI(Ng) NI(Ng) = Zi}dp(d)qmm Tax (d) - (Timax(d) — Taew (d))
daily maximum temperature Tnax °eC -
dew-point temperature Tiew °C
positive temperature day d

- . ) 1= wosme
probability of fire spread Pipread Popread = { 0. wo>m,
litter moisture wo
moisture of extinction Me
fire danger index FDI FDI = max {0, 1— L exp (—NI Sy “—) }
slope of the probability risk function ay,
Human-caused ignitions Nh g Nhie = Pp - k(Pp)-a(Np)/100
population density Pp ind km—2 E(Pp)=30.0-exp(—0.5-Pp)
propensity of people to produce ignition events a(Np) ignitions a(Np) = %

individual =" d—! e
average number of human-caused fires Nh.obs
observation years tobs
erid cell area A m? Ap =min(E(nig) - FDI- Af, A)
_T_ . D2
mean fire area ag ha ay = Alp T
10000

independent estimates of the numbers of lightning — ny ju
human-caused ignition events Nhig
forward rate of spread ROS; curface m min~—? ROS curface = "”pi(eil:gi“)
reaction intensity In kJ m—2 min—?!
propagating flux ratio ¢
multiplier that accounts for the effect of wind o,
fuel bulk density b kg m—3
effective heating number €
heat of pre-ignition Qig kl kgt
fire duration Lfive min e = 1+24D-cxp%47111‘06-FDI)
length to breadth ratio of elliptical fire Lpg
length of major axis Dr m D71 =ROSj curface - tire + ROSp surface - tre
surface as the backward rate of spread ROS,
crown damage CK P,,(CK) =rcg - CK¥

3A-vii



Parameter/Variable

abbreviation | unit

Equation

resistance factor rOK | 0-1
Crop functional types (CFT)
phenological heat unit PHU PHU = —0.1081 - (sdate — keyday)? + 3.1633 - (sdate —
keyday) 4+ PHUy,
harvest indices HIgpe
heat units HU
heat units accumulated HU.um HU.um = Z:,=Sdmo HU - vpr - pos
phenological development stage fPHU fPHU = HU,,,,n, /PHU
reduction factor for vernalization Urf vpf = (vdsum — 10.0) /(PVD — 10.0)
reduction factor for photoperiod et Prf = (1 —Psens ) -min(1, max(0, (daylength —py) /(ps —
Pu ))) + Psens
day of solstice keyday
minimum base temperature for the accumulation Ty,
of heat unit
20-year moving average annual temperature atempag
CFT-specific scaling factor plapr
Vernalization requirements PVD PVD = verngateon —sdate —pPVDqpp, 0<PVD <
60
CFT-specific vernalization factor pPPVDpr
julian day of the year of sowing sdate
multi-annual average of the first day of the year  verngate2o
when temperatures rise above a CFT-specific ver-
nalization threshold
effective number of vernalizing days vdsum
parametrized sensitivity to photoperiod Peens
duration of daylight (sunrise to sunset) daylength hours
base photoperiod Db hours
aturation photoperiod Ds hours
maximum leaf area index LALax
fraction of total biomass that is allocated to the  froot froot = 5 dﬁi;é?;’ii%%g;’;; a0
roots
ratio between accumulated daily transpiration and ~ wdf
accumulated daily water demand
onset of senescence ssn
turning points in the phenological development fPHU,,
fPHU},
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Parameter/Variable abbreviation unit ‘ Equation
corresponding fraction of the maximum green fLATa.., fLAL o = P o
LAI fLALax, fPHU+-c( ) PRV —TPHT:
onset of senescence as point in the phenological fPHUg,
development
daily increment LAL et LALye = (fLALyax, — fLAL e, ) - LALpax
maximum green LAI fLAT, .
LAI LAI LAL = 3 _gate LALine,, - w
harvest index HI HI= fHIope - Hlopt, i HI"plt 21
fHI,pe - (HIgpe — 1.0) + 1.0, otherwise
fHIp. fHI,p = 100 - fPHU /(100 - fPHU + exp(11.1 — 10.0 -
fPHU))
storage organ Ceo gCm—2 Cso = HI- (Cleas + Cso + Cpool)
Excess biomass Chool ¢C m—2

Soil and litter carbon pools

heterotrophic respiration R, gC m~2 day~! R, = Ry, tivier + B tastSoil + B slowsoil
. . . . dc,
carbon pool size of soil or litter per layer & eCm~2 layer—! o+ =—kuy-Cyy
decomposition rates for litler k a~!layer™! Eapy = # -g(Teonr) - £(8)
(r)
mean residence time T10 a
soil volume fraction of the layer f
fraction of soil organic carbon per layer Cf; Cfy = 10Fseclog10(d0))
relative share of the layer [ dy
soil layer depth coc mm
. . spp gRsoc
total amount of soil carbon - aC Cuy =S pprty d’(l) FET i
mean annual decomposition rate Emean eC a~!
mean decomposition rate for each PFT Emeanppr Emeanper = Z?;‘f‘(kmmnm . Cf”_pFT))
if -1 Cfu.prT) Fmean
annual carbon shift rates Cinirt d Canift g prr), = E
. A—
P . . . . . SW (g, —WPW
infiltration rate of rain water into the soil infil mm infil = Pr- \/1 - u‘t@ﬁ%
=atpy )
Water balance
soil water content at saturation Waat mm
soil water content at wilting point Wowp mm
total actual soil water content SwW mm
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Parameter/Variable abbreviation unit \ Equation
daily precipitation Pr mm routed in 4 mm portion in the infiltration equation
soil water content between saturation and field ca- FW mm
pacity
soil layer l
) " ‘ _ FW
travel time through the soil layer TT hours TT = T
(O} _ .
hydraulic conductivity HC mm h—! HC; =K, - (ﬁ,‘t—t‘:;])
saturated conductivity K mm h—?!
percolation perc mm day—! percy) =FW, ;- {1 — exp ({,ﬁi )]
Interception T mm day—! I =570 Ippr - LAlppr - Pr
PFT-specific interception storage parameter Ippr
PFT-specific leaf area per unit of grid cell area LATppp
daily precipitation Pr mm day—!
Soil evaporation E, mm day—!
vegelation cover fu Yo
evaporation-available soil water Wevap
plant transpiration Er mm day—! Er =min(S,D)- f,
daily water stress w
Soil water supply S S = Eax - w, - phenppr
PFT-specific maximum water transport capacity Elax mm day—!
water accessible for plants w, w, = Z?:“'l“_l w; - rootdist;
relative water content at field capacity w
fraction of roots from surface to z rootdist rootdist =1— 37,
soil depth z mm
root distribution parameter Broot
fraction of water that corresponds to their foliage  Spp Sprr =5 -FPCppr
projected cover
root biomass bmygot eCm—2
Atmospheric demand D D= (1.0—wet) Eoq- /(14 01 /0c)
maximum Priestley-Taylor coefficient (a7,
conductance scaling factor Jm
fraction of Foq that was used to vaporize inter-  wet
cepted water from the canopy
homogeneous segments of length L
1 : n—1
outflow of a linear reservoir cascade Qout Qout (t) = Qin - m (f) -exp(—t/K)
instantaneous inflow (7
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Parameter/Variable abbreviation unit Equation

gamma function ['(n)

storage parameter K

linear reservoir segment of length L km K= %

flow velocity v ms~!

CFT-specific irrigation threshold it

amount of water required in the upper 50 cm soil NIR mm NIR = Wee —wy — Wice, NIR =0
available soil water Wa mm

frozen soil water Wice mm

water at field capacity W mm

conveyance efficiency E,

application requirements AR mm AR=W — Wi —Wip) - dy —wg,, ARZ>0
gross irrigation requirements GIR mm GIR = ME+AR-Stere

storage buffer Store

water distribution uniformity scalar dy,

available free water Wiw mm

annual variation coefficients for precipitation CVirec

annual variation coefficients for temperature CViemp

biomass after the last harvest event MCeat aCm~—?
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