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1 Supplementary model description

Vascular plants consisted of three functional parts: roots, photosynthetically active biomass
(i.e. green leaves and green stems that are labelled as leaves in equations and parameter
names), and photosynthetically passive biomass (i.e. brown, senescent leaves and woody
stems that are labelled as stems). Mosses were considered to consist of two parts: an upper,
photosynthetically active part (labelled as leaves) and a lower, photosynthetically passive part
(labelled as roots) representing pale or brown, belowground leaves and stems that are still

living. Each plant constitutes a biomass pool for each of its parts.

Plant development started every spring when the accumulated sum of air temperatures above
a threshold value reached a certain value. The accumulation of temperatures started when the
day length (geometric estimated time of sun above horizon) exceeded 10 hours. Snow cover
hindered leafing-out by reducing the radiation supply to the plant, while low soil temperatures

reduced plant water uptake.

Senescence and litter fall differed between the two plant types. For vascular plants, beside a
small amount of litter fall occurring during the whole plant growth period (cf. Fulkerson and
Donaghy, 2001), senescence was assumed to start after the plant reached maturity and
therefore depended on growth stage (cf. Thomas and Stoddart, 1980) and dormancy
temperatures (cf. Davidson and Campbell, 1983). New assimilates were constantly allocated
to the roots and to the photosynthetically active part. After maturity, existing green biomass
was reallocated to the photosynthetically passive part. A third stage of litter fall was
configured depending on a temperature threshold: Five consecutive days in the autumn with
day lengths shorter than 10 hours and with temperatures below a threshold temperature
parameter terminated the growing season; Increased litter fall took place and vascular plants
went to dormancy. During vascular plant litter fall, part of the carbon was stored in the mobile
pool, which could be then reused for leafing-out in the next year (cf. White, 1973; Wingler,
2005). The litter from above ground biomass was inserted to a surface litter pool, while root
litter was inserted to the corresponding litter pools of the soil layers in which the roots were
located. The litter in the surface pool was inactive and transferred with a constant rate to the

litter pool of the uppermost layer.

A different approach for senescence and litter fall was applied for mosses, as they largely

differ in these processes from vascular plants: Sphagnum mosses produce new leaves in the
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top (capitula), while litter fall occurs on the lower leaves, when they become shaded and die
(cf. Clymo and Hayward, 1982). This leads to a permanent moss cover and a litter fall that is
proportional to assimilation. In the model, this was realised by keeping the photosynthetically
active part of mosses to a fixed static value. Any losses (i.e. respiration and litter fall) or gains
(incorporation of assimilates) were restricted to the belowground moss parts. Therefore a
higher range for the parameter scaling growth respiration of mosses was calibrated (cf. Table
S1). Moss litter was produced with a constant rate coefficient throughout the year and was

directly inserted to the corresponding soil litter pools. The dormancy period for mosses was
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initiated in the same way as for vascular plants, but affected only assimilation.

2 Supplementary tables

Table S1. Calibrated parameters
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Azeoy  CritDepthSn m 4.7 Snow coverage The thickness of mean snow 1:10° 0.02 0.01 (default value)
owCover height that corresponds to a
complete cover of the soil.
Mermin ~ MeltCoefGl kg 4.10 Snow melt Coefficient in the global 231 3-107 1.5-10-7 (default value)
obRad I dependency on radiation response of the 07
radiation empirical snow melt function.
Jan MeltCoefSo 4.8 Snow melt Scaling coefficient for the 0.3 0.7 0.5 (default value)
ilHeatF dependency on  contribution of heat flow
soil heat from ground on the melting

of the snow in the empirical
snow melt function.
Mass coefficient in the 0.6 1
calculation of snow density as
a function of liquid and ice
content in the "old" snow
pack.

Saw DensityCoef m™' 4.5
Mass

Snow: density
coefficient of
old snow

0.5 (default value)

Sal DensityCoef kg 4.5 Snow: density Liquid water coefficientin 160 210 200 (default value)
Water m? dependence on  the calculation of snow
liquid an ice density as a function of liquid
content and ice content. The snow
density increase with this
value when the liquid water
content in the snow pack
becomes equal to the total
retention capacity
Dsmin DensityOfN kg 4.3 Snow: density Density of new snow. 90 120 100 (default value)
ewSnow m? of new snow
mr MeltCoefAi kg 4.9 Snow: melting Coefficient for temperature 2.5 4 A value of 2 is normal for
rTemp °oC™! dependency to  dependance in the empirical forests. Similar as for
m? temperature snow melt function. MeltCoefGlobRad a two or
day” three fold increase is

expected if adaptation to an
open filed is to be done
(Jansson and Karlberg
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2010).
Train.  OnlyRainPr 4.4 Snow: Above this temperature all 1.7 2.2 2 (default value)
ecTemp temperature precipitation is rain.
treshold for
rain:snow
Deom Common mm 6.11 Soil hydraulic Unsaturated matrix 0.01 100 10 (default value)
value day” conductivity conductivity dependency on
! under saturated total saturated conductivity
conditions
Va Air Entry(l) cm 6.8 Soil hydraulic Air-entry tension. As this 1(3) 8(10) Range received by
properties: was the only calibrated comparing resulting pF
shape of water ~ parameter defining the shape curves with curves
retention in the pF-curve, it determines measured in peatlands
upper horizon  unsaturated water distribution (Kellner and Lundin,
in the soil including capillary 2001); Values in bracket
rise. were used for soil horizons
<-30cm
d, DrainSpacin  m 6.12 Soil Characteristic distance 30 330 site specific estimation
g hydrology: between drainage pipes,
drainage denominator when estimating
distance the gradient necessary for the
calculation of the horizontal
water flow to drainage pipe
Zmax, ~ Conduct m’>  2.10  Transpiration Transpiration coefficient for 0.02 0.1 Results from a pre-study
vase Max(1) st efficiency vascular plants: the maximal calibration with the site
conductance of fully open data
stomata in the Lohammar
equation (Lohammar et al.,
1980) for calculating leaf
conductance and surface
resistance.
Zmax, ~ Conduct m’>  2.10  Transpiration Transpiration coefficient for 0.01  0.03 Results from a pre-study
moss Max(2) st efficiency mosses: the maximal 7 calibration with the site
conductance of fully open data
stomata in the Lohammar
equation (Lohammar et al.,
1980) for calculating leaf
conductance and surface
resistance.
Gnawin  CondMaxW  m 2.10 Transpiration Maximal conductance of 0.00 0.03 Results from a pre-study
inter s efficiency fully open stomata to 1 calibration with the site
outside the calculate the potential data
growing transpiration of plants during
season winter
twa TempCoefA - 2.13  Transpiration Temperature coefficientin 0.8 10 Results from a pre-study
stress due to the temperature response calibration with the site
limited water ~ function. data
availability
under low
temperatures
Ve CritThresho cm 2.12  Transpiration Critical pressure head for 1 330 Results from a pre-study
1dDry wat stress due to reduction of potential water calibration with the site
er too low water  uptake. A wide range (100- data
content 3000 cm water) of values has
been reported in the literature.
Lower values are expected
for sandy soils with low root
densities and higher values
are expected for clayey soils
with high root densities
i DemandRel day 2.12 Transpiration Coefficient for the 03 2 0.3 (default value)
Coef ! stress due to dependence of potential water

too low water
content

uptake in the reduction
function. The dependence of
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the potential uptake rate has
frequently been reported as
an important phenomenon for
reduction of water uptake
Weq EquilAdjust - 3.7 Vapour Factor to account for 0 2 1 (default value)
Psi pressure at the  differences between water
soil surface tension in the middle of top
layer and actual vapour
pressure at soil surface
Cho, WindLessE  m 2.6 Aerodynamic Roughness length used in 1-100 0.1 0.001 (default value)
canopy  XchangeCan st resistance of the calculation of r, for each ~ *
opy canopy: plant, corresponds to z in
minimum Equation 2.6.
exchange
under stabile
conditions
Famavs WindlessEx s Aerodynamic Minimum turbulent 0 1-10* Results from a pre-study
now-1 ChangeSno resistance of exchange coefficient (inverse calibration with the site
w SNOW: of maximum allowed data
minimum aerodynamic resistance) over
exchange snow. Avoids exaggerated
under stabile surface cooling in windless
conditions conditions or extreme stable
stratification.
Falai Ralncrease s 3.5 Aerodynamic The contribution of LAI to 100 800 Results from a pre-study
WithLAI m’! resistance: the total aerodynamic calibration with the site
contribution of  resistance from measurement data
LAI height (reference level) to the
soil surface.
Zomsmo RoughLMo m 2.7, Aerodynamic Roughness length for 1-100 0.001 Results from a pre-study
w mSnow 2.8 resistance: momentum above snow. calibration with the site
roughness data
length of snow
Sk SThermalC W 4.1 Soil Thermal conductivity 121 2861 Results from a pre-study
ondCoef m’ temperature: coefficient for snow. 0¢ 0¢ calibration with the site
oc™! thermal data
kg™ conductivity of
Snow
h; OrganicC2 - 6.3 Soil Empirical constant in the 0.00 0.0075 0.005 (default value)
temperature —  heat conductivity of the 45
thermal organic material at the
conductivity surface
Tumean TempAirMe °C 6.5 Soil Assumed value of mean air 5.5 8 Based on results from a
an temperature —  temperature for the lower pre-study calibration with
lower boundary condition for heat the site data. Should be 1.5-
boundary conduction. 5°C higher than annual
mean temperature (Metzger
et al. 2015) which was 2.3
°C at Deger6 during the
simulation period
Apgrain AlbedoGrai % 2.1 Radiation Plant albedo during grain 20 31 Dry grass and straw up to
nStage(1) interception: stage 29 and 33, respectively
plant albedo (Kondratiev et al., 1964)
pre, AlbedoVeg % 2.1 Radiation Plant albedo of vascular 10 25 12-22 for Carex; 12.5 for
vase Stage(1) interception: plants during vegetative bog, raised edge; 17.8 for
vascular plant  stage bog, depression (Petzold
albedo and Rencz, 1975)
pre, AlbedoVeg % 2.1 Radiation Plant albedo of vascular 10 30 11-16% in a Sphagnum-
moss Stage(2) interception: plants during vegetative sedge bog (Berglund and
moss albedo stage Mace, 1972), 16.4 for
Sphagnum, 17.5 for Carex,
17.9 for Pragmites (Zhao et
al., 1997)
e, vase RadEfficien gD 1.1 Plant Radiation use efficiency of 1.05 1.31 Based on results from a
cy(1) w assimilation vascular plants for pre-study calibration with
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M efficiency photosynthesis under the site data. Ranges were
! optimum temperature, selected in that way, that
moisture and nutrients mosses and vascular plants
conditions can contribute
approximately similar to
photosynthesis during
summer (Vermeij, 2013).
Actual values differ due to
the different plant
coverage.
&L, moss RadEfficien gD 1.1 Plant Radiation use efficiency of 0.1 0.2 Based on results from a
cy(2) w assimilation mosses for photosynthesis pre-study calibration with
M efficiency under optimum temperature, the site data. Ranges were
! moisture and nutrients selected in that way, that
conditions mosses and vascular plants
can contribute
approximately similar to
photosynthesis during
summer (Vermeij, 2013).
Actual values differ due to
the different plant
coverage.
Do, T LMin(1) °C 1.2 Plant Minimum mean air -6 5 -6 reported for some
vase assimilation: temperature for alpine plants (Korner,
temperature photosynthesis for vascular 1999),
response plants 5 (default value)
D, T LMin(2) °C 1.2 Plant Minimum mean air -6 5 -6 reported for some
noss assimilation: temperature for alpine plants (Korner,
temperature photosynthesis for mosses 1999),
response 5 (default value)
Pol, T LOptl(l) °C 12 Plant Lower limit mean air 8 14 Need to be higher than T
Jase assimilation: temperature for optimum LMin, but lower T LOpt2
temperature photosynthesis for vascular
response plants
Doz, TLOpt2(1) °C 1.2 Plant Upper limit mean air 20 32 23-32° C for different
vase assimilation: temperature for optimum Poacea-species (Wohlfahrt
temperature photosynthesis for vascular et al., 1999); 12-22 °C for
response plants Carex and Eriophorum
(Kummerow and Ellis,
1984)
Pol, TLOptl(2) °C 1.2 Plant Lower limit mean air 5 14 Need to be higher than T
noss assimilation: temperature for optimum LMin, but lower T LOpt2
temperature photosynthesis for mosses
response
Doz, TLOpt2(2) °C 12 Plant Upper limit mean air 18 32 Sphagnum: 18 °C
noss assimilation: temperature for optimum (Clymo and Hayward,
temperature photosynthesis for mosses 1982); depending on water
response content, at least 27 °C
(Grace, 1973)
Sfsnowre  SnowReduc Plant LAI Minimum fraction of 1-100 0.01 Results from a pre-study
aucers;  €LAIThresh reduction due canopy above snow surface to 3 calibration with the site
old to snow cover  allow transpiration or data
interception evaporation
el LeafRatel(1 day 1.10, Plant litter fall: Rate coefficient for the leaf 2.5-1 0.01 Results from a pre-study
) ! 1.12 leaf litter fall litter fall before the first 0* calibration with the site
rate during the  threshold temperature sum #;; data
season is reached
Iis C Leaf to - 1.8, Plant litter fall: Scaling factor for 0.02 0.03 Results from a pre-study
Stem(1) rate for leaf reallocation of C from the calibration with the site
yellowing at photosynthetically active to data
the end of the  the passive pool after the
vegetation plant reached maturity growth
period state
e, RootRatel( 1.12 Plant litter fall 2.5:1 0.0025 Results from a pre-study
moss 2) 0* calibration with the site
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Irea, RootRate2( 1.12 Plant litter fall 2.45-1 0.0025 Calibrated relative to lre
moss 2) 0°
Tvanre Mature °C Plant Temperature sum beginning 320 330 Metzger et al., 2015
Sum Tsum(1) phenology: from grain filling stage for found best values leading
start of plant reaching maturity stage to grain filling start around
senescense mid to end of July, which
corresponds to 320-330 at
this site
kgresp,  GrowthCoef 1.6 Plant 0.2 0.6 A wider range was
moss 2) respiration selected for mosses
compared to vascular
plants, as due to the
selected conceptual model,
moss respiration was only
growth depending, while
there is an additional LAI
depending component for
vascular plants. Fraction of
assimilates, lost by
respiration according to
Rice et al. 2008 for
different Sphagnum
species: 33-62%
kgresp, ~ GrowthCoef day 1.6 Plant Rate coefficient for growth  0.14 0.4 Results from a pre-study
Jase (1) ! respiration respiration of the plant calibration with the site
(respiration relative to data
amount of assimilates)
toro RespTemQl - 1.7 Plant response to a 10 °C soil 1.8 3 Dark respiration in
0 respiration: temperature change on plant Eriophorum: 1.1-3.7 (van
temperature maintenance respiration de Weg et al., 2013)
response
Pzoo,  ROOt m 1.13 Plant rooting Maximum root depth inthe -0.5 -0.14 Estimated maximum
vase LowestDept depth — function for calculating the rooting depth for this site is
h(1) important for  actual root depth 30-45cm (Peichl, 2015,
water uptake personal communication).
and root litter
input within
the soil profile
Dzroo,  ROOt 1.13 Plant rooting Maximum root depth in the -0.1  -0.01 Estimation
moss LowestDept depth — function for calculating the
h(2) important for  actual root depth
water uptake
and root litter
input within
the soil profile
Myewin  Mobile Allo - 1.14 Plant storage Coefficient for determining 0.2 0.6 0.01-0.4 was found in
Coef(1) pool for ratio of leaf carbon, allocated Metzger et al., 2015 for
regrowth in to the mobile storage pool several peatland sites,
spring during leaf litter fall however pre-study results
suggested higher values for
this site
ki RateCoefLit a! 5.1 SOC Rate coefficient for the 2:100 0.02 1-10-5 to 0.03 by
terl decomposition decay of SOC in the plant 4 calibration (Metzger et al.,
litter pools for mosses 2015)
kn RateCoefHu day 3.8 SOC rate coefficient for the 1100 2-10° 1-107° (default value)
mus ! decomposition  decay of C in the slow SOC ~ °
pools
onin TempMin °C 5.3 SOC The temperature in the -10 0 -8 (default value)
decomposition Ratkowsky function at which
— temperature  microbial activity is 0% .
response
nax TempMax °C 5.3 SOC The temperature in the 20 30 20 (default value)

decomposition

Ratkowsky function at which
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— temperature  the response on microbial
response activity is 100%.
Posaace  SaturationA  vol 5.4 SOC Parameter in the soil 1-100 0.01 A very low value was
ctivity % decomposition moisture response function ¢ chosen to get a strong
— water defining the microbial response to drougths.
response activity under saturated
conditions
Porow  ThetaLower vol 5.4 SOC Water content interval in 3 20 13 (default value)
Range % decomposition  the soil moisture response
— water function for microbial
response activity,
mineralisation—immobilisatio
n, nitrification and
denitrification.
poupp  ThetaUpper vol 5.4 SOC Water content interval in 6 10 8 (default value)
Range % decomposition  the soil moisture response
— water function for microbial activity
response
ki RateCoefLit a! 5.1 SOC Rate coefficient for the 2:100 0.002 Calibrated relative to k;;
ter2 decomposition decay of SOC in the plant >

litter pools for vascular plants




Table S2. List of main equations used in this study

Equation No Definition
Plant biotic processes
—g -p- . . 1.1 Rate of photosynthesi 2 day™
CAtm—)a =&,N f(];) f(Em /Exp) Rs,p[ (1.1) ate of photosynthesis (g C m ~ day )
where & is the radiation use efficiency and # is the conversion factor
from biomass to carbon. RS, pis the global radiation absorbed by
canopy and f(7}) .and f(E, /E,) limitations due to unfavourable
temperature, nitrogen, and water conditions.
0 T<p (1.2)  Temperature response function for
" photosynthesis
(];_pmn)/(pol_pmr1) pmnS];Spol
f(T['): 1 pol<7;<p02
1_(7—;_p02)/(pm_p02) poZS];Spmx
0 5> P
where p,.., Po1, Po> and p,,, are parameters and 7} the leaf temperature.
E (1.3)  Response function for transpiration
J(E,1E,)=—5
)
tp
where E, (Eq. 29) and E,, (Eq. 23) are actual and potential
transpiration.
Ca—)Leqf = ch .Ca (1.4)  Allocation of new assimilates to the leaves
where /., is a parameter and C, the new assimilated carbon.
15 Allocation of new assimilates to the roots,
C:l SRoot — (l—ld)'ca (1.3) respectively to below ground parts in case
of mosses
where [, is a parameter and C, the new assimilated carbon.
C =k L A(T)-C . +k -C _ (1.6)  Plant growth and maintenance respiration
respleaf ‘mrespleaf f ( ) leaf gresp a—> Leaf (g C m72 dayfl)
where ki eqieqr 15 the maintenance respiration coefficient for leaves,
kgresp 1s the growth respiration coefficient, and f{T,) is the temperature.
The equation calculates respiration from stem, roots, and grains by
eXChanging kmresplea_f to kmrespstem> kmresproots kmrespgraim and uSing the
corresponding storage pools. Respiration from the old carbon pools is
estimated with the same maintenance respiration coefficients as for
respiration from new carbon pools.
F(T)=t (T=tg10545)/10 (1.7)  Temperature response function for
Q0 maintenance respiration (—)
where tg19 and togpss are parameters.
C =]..C . (1.8)  Reallocation of C from leaf pool to stem
Leaf —>Stem LS Leaf
pool — here used as pool for senescent
where ;¢ is a parameter and Cj.,, the carbon in the leaf pool. leaves.
CLMQL[MSW e = f(T,,) f(4)- S vt .Cme (1.9)  Leaf C. entering the surface litter pool is
depending on the temperature sum and leaf
Where $,,104r 18 @ scaling factor. Stem C is calculated analogously with area index.
Snewstem-
(1.10)  Leaf litter fall dependence of temperature

f(ch) = [Lcl + ([ch - [Lcl) -min [17

maX(O, T:S'um B tLl )
max(1,¢,, —¢,,)

|

sum




where #;, t1,, I;.; and [, are parameters and Tg,, is the so called
“dorming” temperature sum, 7 p,.msum- 1 pormsum 18 calculated at the end
to the growing season when the air temperature is below the threshold
temperature 7p,,..7i, as the accumulated difference between Tpyri
and Ta. Tpy,mry 1 @ parameter.

The stem litter rate is calculated analogously with the parameters zg;,
ts2, ls.; and [g.,, the root litter rate with the parameters /., to tz;, tz,
ch] and chz.

f(4) = el (1.11)  Litter fall dependency of LAI

where I} iz, is a parameter and 4, the leaf area index

Croorstiner = L) Croos * Sowroor (1.12) Root C entering the soil litter pool of the
corresponding layer

where $,,.,,00: 1S @ scaling factor. The root litter rate function, f{I.), can

be calculated with Eq. (10) by exchanging the parameters #;;, t;5, I

and /;¢; t0 tgy, tro, Iges and Igco.

(1.13)  Root depth
ZV = pZ)’OOl -
Br + @
p incroot

where p_,,o; and pj,e00r are parameters and B, is the mass of roots (i.e.

the carbon content in the roots, Cryois TCoiroors)-

CMohi[e = (CLeafﬁLitterSurﬁzce + COldLeafﬁLinerSurface) : mretain (1'14) AllOCatiOn to the mObile C pOOl fOr

’ ’ ’ developing new leaves during litter fall
where m,.,;, s an allocation coefficient.
1 (1.15)  Fraction of the whole Cpjyzeqr pool that will
CRemainLeq/ = C()IdLea/ (1 _—l _ 1) be excluded from the calculation of the
life litterfall from the old leaves

where [, is a parameter

CMOWHLM = Chronite " Maponr (1.16)  Allocation from the mobile C pool at
leafing (between GSI 1 and 2) as an

where mg,,,, is an allocation coefficient and Cj,;. the carbon in the additional supply. This process goes on as

mobile pool. long as there is carbon left in the mobile
pool.

Plant abiotic processes

A 2.1 Plant interception of global radiation
—(1_ " fee V. _

RS,[J/ - (1 e ) f‘ca (1 apl )Rix (MJ m’z day’l)

where k,, is the light use extinction coefficient given as a single

parameter common for all plants, f.. is the surface canopy cover, a,, is

the plant albedo and R, is the global qion.

The plant albedo is calculated from the parameters: albedo vegetative

stage, apveg, and/or albedo grain stage, apgrain, depending on plant

development.

(22)  Surface canopy cover (m”> m™)

xfCL’ = pcmax (1 - e_pdAl )

Where p.... is a parameter that determines the maximum surface
cover and p. is a parameter that governs the speed at which the
maximum surface cover is reached. A4, is the leaf area index of the
plant.




B (2.3)  Leaf area index (m®> m™) as function of
4 = ! leaf mass
p 1,sp
Where p, , is a parameter and B is the total mass of leaf.
(e.—e) 2.5) Potential transpiration £, (mm day’l)
S a
AR, +p,c, o
LUEtp = S
s
A+y| 1+
T
where R, is net radiation available for transpiration, e, is the vapour
pressure at saturation, e, is the actual vapour pressure, p, is air density,
¢, is the specific heat of air at constant pressure, L, is the latent heat of
vaporisation, 4 is the slope of saturated vapour pressure versus
temperature curve, y is the psychrometer ‘constant’, r, is ‘effective’
surface resistance and r, is the aerodynamic resistance.
z  —d (2.6) The aerodynamic resistance r, as
In?| =< calculated without stability correction
rﬂ = kzu + AZS)IDW
where the wind speed, u, is given at the reference height, z,. k is von
Karman‘s constant, d is the displacement height and z, is the
roughness length.
20 = Zomax 20> Zomax 2.7) The roughness length, z,, is calculated
. according to the function derived from
z,=(H » =Nz, min(fy, ) +HAZ,00 Zomin > 20> Zoma Shaw and Pereira (1982)
20 = Zomin 20 < Z0min
where z,,,, and z,,;,, are parameters, f; and f; are functions describing
the dependency on leaf area index and canopy density, 4z, is the
snow depth and H, is the canopy height.
)38 Displacement height d, as calculated by
Zrp — 0.5 2.8) the Shaw and Pereira function
d =min| ((0.80+0.11p,,,.. )- +Az,
(0.46 -0.09p, )e‘<0-16+0.28p,z,,.\,,, ) (H, =4A2,,,)
Pdensm 18 density maximum of canopy in relation to the canopy height,
AZg,0, 1 the snow depth. PAI is the plant area index, 1, is the canopy
height.
Stomatal resistance (s m™')
1 @9
y =
* max(4 g,,0.001)
where g; is the leaf conductance and 4, the leaf area index.
R g (2.10)  Stomatal conductance per leaf area
&= - - !
Rs+gns 1+(ex_ea) (ms )
gvpd
where g, Zmax and g,,; are parameter values, g,qwin corresponds to
gya In winter. R, is the global radiation and (e, — e,) the vapour
pressure deficit.
« 0 (2.11)  Actual transpiration without flexibility of
£, = EfP J z / (V/(Z) )(T(Z) )r(z) water transportation within the root
system.

10



2, is root depth (Eq. 16), [ (l//(z)) and f(T(z)) are response functions

for soil water potential, and soil temperature and r(z) is the relative
root density distribution which is exponentially decreasing from soil
surface to the root depth.

PE,+p, (2.12)  Transpiration response to water stress
_| Y.
f(v(@)=
y(2)

where p;, p, and w. are parameters. If the soil water potential is

reaching the wilting point, ,,;,, the uptake is assigned to be zero from

that horizon.

f ( T (Z)) ] 0T ()T N (2.13) Transpiration response to temperature as
proposed by Axelsson and Agren (1976)

where ty,4 and ;3 and the trigging temperature 7},,, are parameters.

Surface Energy balance

R =LE +H +q, 3.1 The physically based approach, for
calculating soil evaporation, originates
from the idea of solving an energy balance
equation for the soil surface. According to
the law of conservation of energy the net
radiation at the soil surface, R, is
assumed to be equal to the sum of latent
heat flux, L,E,, sensible heat flux, H; and
heat flux to the soil, ¢;. The three different
heat fluxes are estimated by an iterative
procedure  where the soil surface
temperature, T, is varied according to a
given scheme until the equation is
balanced

(T -T) (3.2)  sensible heat flux, H
H =pc,——
as

where air density, p, and the specific heat of air at constant pressure,

¢, are considered as physical constants, r, is the aerodynamic

resistance calculated as a function of wind and temperature gradients

ro=r,+r, (3.3)  Aerodynamic resistance above the soil
surface, r,,, is calculated as a sum of two

where r,, is a function of wind speed and temperature gradients, which components

is corrected for atmospheric stability, and r, is an additional

resistance representing the influence of the crop cover,

(3.4)  Stability function for aerodynamic

1 ngf _d Zref _d ZOM
r =—<In|-= - ' + X
‘K ( Zom ] V/M( L, i L,
z . —d z . —d z
x{In| ZL— |- L Zod
[ Zon ] V/H[ L, ] ‘//H[ L, ]

where u is the wind speed at the reference height, z,, d is the zero
level displacement height (c.f. potential transpiration of plant), k is the
von Karmans constant and zj, and zj; are the surface roughness
lengths for momentum and heat respectively. If z, is exchanged to
Zom.snow the equation can be used for snow surfaces. L is the Obukhov
length and w,,and y,; are empirical stability functions for momentum
and heat respectively.
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Furthermore, an upper limit of the aecrodynamic resistance in extreme
stable conditions is set by the “windless exchange” coefficient,

ra,soil,max-
vy =Ty, (3.5)  Additional aerodynamic resistance
representing the influence of the crop
where 7, is an empirical parameter cover
p.c (e ,—e ) 3.6) Sum of latent heat flux, L,E|
LV E\, _ a7p sy a
7/.]/215'
Where ey, is the vapour pressure at the soil surface and e, is the
actual vapour pressure in the air.
VM yi1er 8 Coorr (3.7)  Vapour pressure at the soil surface
— T R(T + Tapseero
esmf - es ( s)e
where R is the gas constant, M, is the molar mass of water, g is the
gravity constant and e, is the vapour pressure at saturation.
The empirical correction factor, e.,,, depends on an empirical
parameter y,, and a calculated mass balance at the soil surface, dy,s
which is allowed to vary between the parameters s o, and Seycegs given
in mm of water.
(T -T) (3.8)  Heat flux to the soil, .
qh = kh A—1-'-qu s
Aq
2
where k; is the thermal conductivity of the top soil layer, Lv, as well as
the psychrometer constant, y, are considered as physical constants;
qy.s» 1s the vapor flow from the soil surface to the central point of the
uppermost compartment
c,—c.) (3.9)  Vapor flow from the soil surface to the
=—d f D (T) v Vs .
q, vapaJ o 2o ) =3 central point of the uppermost
— compartment
2
where d, is the tortuosity given as an empirical parameter, D, is the
diffusion coefficient for a given temperature, f, is the fraction of air
filled pores (6,—6,) and c,, and c,; are the concentrations of water
vapour at the soil surface and at the middle of the uppermost
compartment respectively.
Snow
k=5 (4.1)  Thermal conductivity of snow
snow kp snow
where s, is an empirical parameter.
0,z +p A, (4.2)  Density of snow is a weighted average of
ow = E - the old snow pack (i.e. the density of snow
snow remaining from the previous day p,;) and
precipitation density, p,..
(1_Qp) (4.3)  Density of new-fallen snow as a function

pprec :psmin +181

ligmax

where p,,;, is the density of new snow, Q, is the thermal quality of
precipitation and fj;... is a parameter that defines the maximum liquid
water content of falling snow that is automatically put to 0.5.

of air temperature, 7,
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. ]:1 _T ain,
min [1: (1 - ﬁiqnzav ) + ﬁiqmw: 7} _RT 2 ] T; s TR‘”"’L
nowL RainL
0 I,>T;

ainl,

O =

where fligmax is a parameter that defines the maximum liquid water
content of falling snow and is automatically put to 0.5. Tgy,r and
Tsnowe are the temperature range where precipitation is regarded as a
mixture of ice and liquid water.

4.4

Thermal quality of precipitation (its
fractional frozen water content)

S, (4.5)  Density of the old snow pack increases
Potd = Ponin T Sa o TS0 e with the relative amount of free water in
wimax the pack and with overburden pressure,
where 54 and s, are parameters, S, 1S the retention capacity and €. 'w1th fnereasing .water equt valent.
S, i the water equivalent of the snow Density also generally increases with age.
res ' The age dependency is accounted for by
updating density as the maximum density
of the previous time step
S, (4.6)  Depth of old snow pack
Az, =
,0 old
(4.7)  The fraction of snow free ground is used
the estimate the average soil surface
Az A <Az temperature, and the average surface
fio=1 Az snow cov albedo, during conditions of "patchy"
bare oV SNOW COVer.
O AZS}’!OW 2 AZCOV
where 4z,,, is a threshold parameter.
S,19,(0) (4.8)  The fundamental part of the
M =M;T, + MR, +—L empirically based snow model is the
4 melting- freezing function, which
where 7. is air temperature, Ris is global radiation, fgr is a combines the mass and heat budgets.
scaling coefficient and Lyis the latent heat of freezing. Melting The amount of snow melt, M’ is made
will affect the whole snow pack, whereas refreezing will only up by a temperature function, Mr, a
affect a limited surface layer. function accounting for influence of
solar radiation, Mg, and the soil
surface heat flow, ¢n(0):
m, 7,20 (4.9)  Refreezing efficiency is, inversely
M. = m proportional to snow depth, [1zsnow:
T — T <0
Azsnowm f
where Tuis air temperature and mr And myare parameters.
My =My, (145, (1= 7)) (4.10)  Global radiation dependence of snow melt
where mrmin, s1and s2 are parameters.
Age of surface snow, sage, is determined by the number of days
since the last snowfall. To reduce the influence of mixed
precipitation and minor showers, snowfall is counted in this
context only for snow spells larger than a critical value, psamin,
and for precipitation with thermal quality, Op, above a
threshold value
Soil carbon and nitrogen processes
C (5.1)  Decomposition of the SOC pools for plant

‘Decompl. :kl f(T)f(e)Cngr

litter (g C m ™ day™)
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Where k; is a parameter and f(T") and f(6) are response functions

for soil temperature and moisture in the certain layer.

Crecompr =51, F(T)- £(0)- Crrppis (5.2)  Decomposition of the SOC pools for more
stable material (g C m™ day ")
Where £, is a parameter and f(7) and f(6) are response functions
for soil temperature and moisture in the certain layer.
(=1 T>t (5.3)  Response function for soil temperature
) according Ratkowsky.
T—-t¢
f(T) = (—mj tmm < T < tmax (7)
max  “min
f(M=0 T<t,,
Where t,,;, and t,,, are parameters and 7 the soil temperature in the
certain layer.
=0 5.4 Response function for soil moisture (—
Do P
satact s
Pop
0,-6\"
p (1 - p&mta(‘t ) + pﬂ\'amct >
f(0)=min| * " 0,1, <0<0,
9 — Hwih‘ ]pel)
D OLow
O 9 < ewill
where poupps PoLows Posaacr and pg, are parameters and the variables, 0,
6,..» and 8, are the soil moisture content at saturation, the soil moisture
content at the wilting point, and the actual soil moisture content,
respectively.
C. =] .C. , (5.5)  Litter from inactive surface litter pool,
LiterStafuce—>Litter] 11 - LiterSuface entering the fast SOC pool at a continuous
where /;; is a parameter and Cjyersusace the carbon in the surface litter rate.
pool.
C. =(1- .C, (5.6)  Amount of decomposition products from
sier—0, = (1= o) Covanpr the fast SOC pools being released as CO,
where f,; is a parameter
C. =f -f.-C_ (5.7  Amount of decomposition products from
vitr->tioms = Jea " Deconpl the fast SOC pools entering the slow
where f,; and f;; are parameters decomposition pools
C. = 1— .C (5.8)  Amount of decomposition products from
vttt = Jer (1= Ju) Corom the fast SOC pools being returned to the
where £, and f;; are parameters fast decomposition pools
C = .C (5.9)  Amount of decomposition products from
Hums=>CO, fe’h Decompl. the slow SOC pools being released as CO,
where f, ;, is a parameter
Soil heat processes
or (6.1)  Soil heat flux (J m~ day ™)
9, =—k,—
Cz
where k;, is the conductivity, 7 is the soil temperature and z is depth.
(T.-T) (6.2)  Upper boundary condition for soil heat
— 2
q, (0) = kho ASZ—/z + Cw (T; ) [/ + quvo flow (Jm day )
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where £, is the conductivity of the organic material at the surface, 7}
is the surface temperature, 7 is the temperature in the uppermost soil
layer, g, is the water infiltration rate, q,, is the water vapour flow,
and L, is the latent heat.

k= hl + hzg (6.3)  Heat conductivity of the organic material
ho at the surface
where /; and 4, are empirical constants
T +aT, (6.4) Soil surface temperature under the snow
. =1—” pack, during periods with snow cover (°C)
+a
where the index 1 means the top soil layer, and the snow surface
temperature is assumed to be equal to air temperature. a is a weighting
factor depending on snow thickness and conductivity in the snow pack
and in the uppermost soil layer.
z (6.5)  Temperature at the lower boundary for
— d, z heat conduction (°C
TLowB - Tamean _Taanwe cos (t_tph ) a)_z ( )
a
where Teqn and Ty, are parameters, ¢ is the time, #,, is the phase
shift, o is the frequency of the cycle and d, is the damping depth.
Soil water processes
oy oc (6.6)  The total water flow, g,, is the sum of the
q,=—K,| ——— —DV - matrix flow, ¢,,, and the vapour flow, ¢,,
o4 &z (mm day™)
where £, is the unsaturated hydraulic conductivity,  is the water
tension, z is depth, ¢, is the concentration of vapour in soil air and D,
is the diffusion coefficient for vapour in the soil
o0 oq (6.7)  The general equation for unsaturated water
—=——"+s, flow follows from the law of mass
ot oz conservation and eq. (30)
where @ is the soil water content and s,, is a source/sink term for e.g.
horizontal in and outflow or root water uptake.
-2 (6.8) Water tension y according to Brooks and
S = v Corey (1965), between the threshold
€ v, values w, and .,
where y, is the air-entry tension, A is the pore size distribution index
and S, the effective saturation.
9-60 (6.9)  Effective saturation S, between the
S, = ﬁ threshold values w, and .,
where 6; is the porosity, 6, is porosity content and 4 is the actual water
content.
Kk v, e (6.10) Unsaturated hydraulic conductivity k:V
w T Vmat v (mm day™") according Brooks and Corey.
Where the matrix conductivity k,, is a function of the total
conductivity, n is a parameter accounting for pore correlation and flow
path tortuosity and / is the pore size distribution index.
6.11) Matrix conductivity as function of total
y

k= 10(10g Kyt =108 g Vg Hlog ki
mat

where Acom and Aisens are parameters and ksar is the total saturated
conductivity.
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qm) = s

z,

dudp
where d, is the unit length of the horizontal element i.e. 1 m, z, is the
lower depth of the drainage pipe i.e. the drainage level, zy, is the
simulated depth of the ground water table and d, is a characteristic
distance between drainage pipes. Note that this is a simplification
where the actual flow paths and the actual gradients are not
represented. Only flows above the drain level z, are considered

et (0,0, )+ % 1og(7k o )D
kw — 10 wiY% " Ym
where k,,, is the saturated total conductivity, which includes the macro
pores, and k,,*( 6, - 8,) is the hydraulic conductivity below 6; - 6,, (i.e.
at ¥, ) calculated from Eq. (51)

*
kw = (rAOT + rAlT ]:' ) ITBX(kw, kminuc)
where ryor, ryr and k. are parameter values. k,* is the
conductivity according to eqs (51) and (52)

(6.12)

(6.13)

(6.14)

The horizontal flow rate, g,,, is assumed
to be proportional to the hydraulic gradient
and to the thickness and saturated
hydraulic conductivity of each soil layer

Total conductivity close to saturation
(above the threshold y,), to account for the
conductivity in the macro pores.

Actual unsaturated hydralic conductivity
after temperature corrections
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Table S3. Fixed parameters used in the main equations.

Symbol  Parameter Name Unit Eq. Module Definition Value Literature or default value
n Biomass tocarbon molC 1.1  Plant biomass:C Conversion factor from biomass ~ 0.45 Default value
gldw ratio to carbon
Pmx PhoTempResMax  °C 1.2 Plant Maximum mean air temperature 45 Based on results from a
assimilation: for photosynthesis pre-study calibration with
temperature the site data.
response
Ll Leafcl(1) gC' 14, Plantallocation Fraction of new assimilates 0.545 Metzger et al., 2015
1.5 ofassimilates to ~ which is allocated to the leaves
the leaves
Kresplea  MCoefLeaf(1) day’1 1.6  Plant respiration Rate coefficient for maintenance  0.002 Based on results from a
vase respiration of vascular plant leaves 5 pre-study calibration with
(respiration relative to leaf the site data.
biomass)
komresproor,  MCoefRoot(1) day’1 1.6  Plant respiration Maintenance respiration 0.002 Metzger et al., 2015
vase coefficient for vascular plant root 5
(respiration relative to root
biomass)
Knrespstem,  MCoefStem(1) day’1 1.6  Plant respiration Maintenance respiration 0 No respiration, as this
moss coefficient for vascular plant stem represents brown,
= photosynthetically inactive senescent biomass
biomass like e.g. senescent leaves
that are still attached to the plant
(respiration relative to stem
biomass)
Kresplea  MCoefLeaf(2) day’1 1.6  Plant respiration Rate coefficient for maintenance 0 No leaf respiration for
moss respiration of moss leaves mosses to allow a fixed
(respiration relative to leaf moss capita
biomass)
kmresproo,  MCoefRoot(2) day’1 1.6  Plant respiration Maintenance respiration 0.002 Based on results from a
moss coefficient for moss "root" = 5 pre-study calibration with
leaves and stem below the capita the site data.
(respiration relative to root
biomass)
t010bas TemQ10Bas °C 1.7  Plant respiration: Base temperature for the 20 Default value
Temperature temperature response of plant
response respriation, at which the response
is 1
Snewstem New Stem(1) - Plant litter fall Scaling factor for litter fall from 1 Full litterfall rate
new stems applies, no scaling
Ise; StemRatel(1) day’1 1.10 Plant litter fall Rate coefficient for the litter fall  0.05 Based on results from a
from stems before the first pre-study calibration with
threshold temperature sum z; is the site data.
reached
Ises StemRate2(1) day’1 1.10 Plant litter fall Rate coefficient for the litter fall 0.5 Based on results from a
from stems after the second pre-study calibration with
threshold temperature sum ¢g; is the site data.
reached
Snewleaf New Leaf - Plant litter fall Scaling factor for litter fall from 1 Full litterfall rate
new leaves applies, no scaling
Ires LeafRate2(1) day’1 1.10 Plant litter fall: Rate coefficient for the leaf litter 0.5 Based on results from a
leaf litter fall rate  fall after the second threshold pre-study calibration with
atthe end of the  temperature sum #;, is reached the site data.
season
tr LeafTsum1(1) day°C 1.10 Plant litter fall Threshold temperature sum after 2 Based on results from a
reaching dormancy state for the pre-study calibration with
lower leaf litter rate. When it is the site data.
reached, /;., starts to change
towards the increased litter fall rate
chZ
7% LeafTsum2(1) day°C 1.10 Plant litter fall Threshold temperature sum after 14 Based on results from a
reaching dormancy state for the pre-study calibration with
higher leaf litter rate. When it is the site data.
reached, the full high litter rate is
applied.
ts; StemTsum1(1) day°C 1.10 Plant litter fall Threshold temperature sum after 2 Based on results from a
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lower stem litter rate. When it is
reached, tg; starts to change

pre-study calibration with
the site data.



Symbol  Parameter Name Unit Eq. Module Definition Value Literature or default value
towards the increased litter fall rate
tsc2

7% StemTsum?2(1) day°C 1.10 Plant litter fall Threshold temperature sum after 14 Based on results from a
reaching dormancy state for the pre-study calibration with
higher stem litter rate. When it is the site data.
reached, the full high litter rate is
applied.

Tpormtin Dormancy Tth °C 1.10 Plant litter fall Threshold temperature for plant 0.7 Based on results from a
dormancy — if the temperature falls pre-study calibration with
below this value for five the site data.
consecutive days, the dormancy
temperature sum starts to be
calculated.

I aiEnn LAI Enh Coef(1) - 1.11 Plant litter fall Scaling factor for enhanced leaf  0.56 Metzger et al., 2015
litter fall rates when higher LAI
values are reached

tr1 RootTsum1(1) day°C 1.10 Plant litter fall Threshold temperature sum after 2 Based on results from a

s reaching dormancy state for the pre-study calibration with
1.12 lower root litter rate. When it is the site data.

reached, tg.; starts to change

towards the increased litter fall rate

tRe2

tr2 RootTsum?2(1) day°C 1.10 Plant litter fall Threshold temperature sum after 14 Based on results from a

s reaching dormancy state for the pre-study calibration with
1.12 higher root litter rate. When it is the site data.

reached, the full high litter rate is

applied.

Snewroots New Roots - Plant litter fall Scaling factor for litter fall from 1 Full litterfall rate
new roots applies, no scaling

IRet, vase RootRatel(1) day’l 1.12 Plant litter fall Rate coefficient for the litter fall  0.001 Based on results from a
from roots before the first 25 pre-study calibration with
threshold temperature sum g, is the site data.
reached

IRe2, vase RootRate2(1) day’l 1.12 Plant litter fall Rate coefficient for the litter fall ~ 0.005 Based on results from a
from roots after the second pre-study calibration with
threshold temperature sum #z; is the site data.
reached

IRel, moss RootRatel(2) day’l 1.12 Plant litter fall Rate coefficient for the litter fall ~ 0.000 Based on results from a
from moss "roots" (=belowground 5 pre-study calibration with
leaves & stems) before the first the site data.
threshold temperature sum g, is
reached

IRe2, moss RootRate2(2) day’l 1.12 Plant litter fall Rate coefficient for the litter fall ~ 0.000 Based on results from a
from moss "roots" after the second 5 pre-study calibration with
threshold temperature sum #z; is the site data.
reached

Liife, vase Max Leaf Lifetime a 1.15 Plant litter fall Maximum leaf lifetime vascular 1 Vascular plant leaves
plant were assumed to be

renewed after one year

Liife, vase Max Leaf Lifetime a 1.15 Plant litter fall Maximum leaf lifetime mosses 300 Moss capita was

assumed to be constant
and therefore never dies

1 C Leaf(1) gm™ Initial N content of vascular plant 32.5 Based on results from a
leaves; defines C and therefore pre-study calibration with
biomass by defined C:N ratio the site data.

1 C Leaf(2) gm™ Initial N content of moss leaves; 95 Based on results from a
defines C and therefore biomass by pre-study calibration with
defined C:N ratio the site data.

1 C Roots(1) gm™ Initial N content of vascular plant 100 Based on results from a
roots defines C and therefore pre-study calibration with
biomass by defined C:N ratio the site data.

1 C Roots(2) gm™ Initial N content of belowground 95 Based on results from a
moss parts ("roots") defines C and pre-study calibration with
therefore biomass by defined C:N the site data.
ratio

Pincroot Root IncDepth - 1.13  Plants: shape of Distribution parameter in the -1 Default value

root distribution
— important for
water uptake and
root litter input
within the soil

function for calculating the actual
root depth
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Symbol  Parameter Name Unit Eq. Module Definition Value Literature or default value
profile
Mahoot Shoot Coef - 1.16 Plant storage Coefficient for the rate at which ~ 0.07 Based on results from a
pool for regrowth C is reallocated from the mobile pre-study calibration with
in spring pool to the leaf at leafing the site data.
kon RntLAI - 2.1  Plant radiation Extinction coefficient in the 0.8 Based on results from a
interception: Beer’s law used to calculate the pre-study calibration with
partitioning partitioning of net radiation the site data.
between plants between canopy and soil surface
and soil
Pemax, vase  Maximal Cover(1) m> 2.2 Radiation Maximum surface cover of 0.6 Visually estimated plant
m? interception: vascular plants coverage at the site
Plant coverage
Pemax, moss  Maximal Cover(2) m’ 2.2 Radiation Maximum surface cover of 1 Visually estimated plant
m? interception: mosses coverage at the site
Plant coverage
Dok Area kExp(1) - 2.2 Radiation Speed at which the maximum 1 Based on results from a
interception: surface cover of the plant canopy pre-study calibration with
Plant coverage is reached the site data.
Plsp Specific LeafArea gC 2.3  Plant Factor for calculating LAl from  47.5 Metzger et al., 2015
m? LALphytomass leaf biomass, which is actually the
ratio inverse of specific leaf area, i.e.
leaf mass per unit leaf
Temergern  TempSumCrit °C Plant phenology: Critical air temperature that must 5 Default value
start of growing  be exceeded for temperature sum
season calculation
Temergesy  TempSumStart °C Plant phenology: Air temperature sum which is the 50 Default value
m start of growing  threshold for start of plant
season development
Paensm, vase  Canopy - 2.8  Plant: density of The density maximum of canopy 0.7 Default value
DensMax(1) vascular plant in relation to the canopy height
canopy
DPaensm, Canopy - 2.8  Plant: density of The density maximum of canopy 0.9 Estimation for the site
moss DensMax(2) moss canopy in relation to the canopy height
Gris CondRis Jm? 2.0 Plant Global radiation intensity that 5-10° Default value
day™ assimilation: represents half-light saturation in
radiation the light response
saturation
Cro, canopy - WindLessExchange m st 26 Aerodynamic Roughness length used in the 0.001 Default value
Canopy resistance of calculation of ra for each plant,
canopy: corresponds to z0 in eq. 2.6.
minimum
exchange under
stabile conditions
Zyes ReferenceHeight m 2.6  Aerodynamic Height above ground which 2 Default value
resistance of represent the level for measured air
canopy: temperature, air humidity and wind
minimum speed.
exchange under
stabile conditions
Zomax Roughness Max m 2.7  Aerodynamic The maximum roughness length 3 Default value
resistance: used when estimating roughness
roughness length  length of different canopies (see
of plants “Aerodynamic resistance”).
Zomin Roughness Min m 2.7  Aerodynamic The minimum roughness length ~ 0.01 Default value
resistance: used when estimating roughness
roughness length  length of different canopies
of plants
Supd CondVPD Pa 2.10 Transpiration Vapour pressure deficit that 100 Default value
stress due to low  corresponds to a 51 % reduction of
air humidity stomata conductance
P2 NonDemandRelCo kg 27  Transpiration Coefficient in moisture reduction 0.1 Default value
ef m?’ stress due to too  function. The degree of reduction
day™ low water when the actual pressure head
content exceeds the critical threshold, v,
is controlled by this coefficient
together with p/ and the potential
transpiration rate, Etp.
Pox AirRedCoef - 28  Transpiration A rate coefficient that governs 0 The plants are assumed
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will increase because of the lack of

to be well adapted to wet
conditions and therefore



Symbol  Parameter Name Unit Eq. Module Definition Value Literature or default value
water content oxygen when the water content of do not suffer from water
the soil exceeds the value give by stress due to too wet
the actual soil moisture content, conditions
O tmin AirMinContent vol % 29 Transpiration The minimum amount of air that 0 The plants are assumed
and assimilation  is necessary to prevent any to be well adapted to wet
stress due to high reduced uptake of water from the conditions and therefore
water content soil do not suffer from water
stress due to too wet
conditions
tws TempCoefB - 2.13  Transpiration Temperature coefficient in the 04 Default value
stress due to temperature response function.
limited water
availability under
low temperatures
twe TempCoefC - Transpiration Temperature coefficient 0 Default value
stress due to governing the trigging
limited water temperature.
availability under
low temperatures
Fasoilmax . WindLessExchange - 34  Aerodynamic Minimum turbulent exchange 0.001 Default value
Soil resistance: upper  coefficient (inverse of maximum
limit under allowed aerodynamic resistance)
windless over bare soil. Avoids exaggerated
conditions surface cooling in windless
conditions or extreme stable
stratification.
Zom RoughLBareSoilM m 34  Aerodynamic Surface roughness length for 0.001 Default value
om resistance: momentum above bare soil.
roughness length
of bare soil
Sexcess MaxSurfExcess mm 3.7  Vapour pressure The highest value allowed for the 1 Default value
at the soil surface d,, variable, which is used in the
calculations of soil surface
resistance and vapour pressure at
the soil surface.
Sdef MaxSurfDeficit mm 3.7  Vapour pressure The lowest value allowed for the -2 Default value
at the soil surface d,, variable, which is used in the
calculations of soil surface
resistance and vapour pressure at
the soil surface.
dyapp DVapTortuosity - 3.9 Correction factor because of non- 0.66 Default value
perfect condition for diffusion
Konar Matrix mm 6.10 Soil hydraulic Saturated matrix conductivity 100 Default value
Conductivity day™ conductivity:
temperature
dependence
22 Saturation vol% 5.4, Soil hydraulic Water content at saturation 98 Received by comparing
6.9  properties: shape (95) resulting pF curves with
of water curves measured in
retention peatlands (Kellner and
Lundin, 2001) under
consideration of the range
for the calibrated
parameter AirEntry; the
value in brackets is used
for layers below —30cm
Oine Wilting Point vol % 5.4  Soil hydraulic Water content at wilting point 30 Received by comparing
properties: shape (30) resulting pF curves with
of water curves measured in
retention peatlands (Kellner and
Lundin 2001) under
consideration of the range
for the calibrated
parameter AirEntry; the
value in brackets is used
for layers below —30cm
Wy Upper Boundary cm 6.8, Soil hydraulic Soil water tension at the upper 8000 Default value
6.9, properties: shape boundary of Brooks and Corey’s
6.13  of water expression

retention
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Symbol  Parameter Name Unit Eq. Module Definition Value Literature or default value
A Lambda - 6.8, Soil hydraulic Pore size distribution index 0.3 Received by comparing
6.10 properties: shape (0.2)  resulting pF curves with
of water curves measured in
retention peatlands (Kellner and
Lundin 2001) under
consideration of the range
for the calibrated
parameter AirEntry; the
value in brackets is used
for layers below —30cm

z LowerDepth m Soil hydraulic Depth of the border between the 0.3 Boundary between
properties: upper and lower horizon in respect acrotelm and catotelm,
Border between  to hydrological properties based on visual
horizons differences in the soil

profile and water table
depth measurements
(Granberg et al., 1999).

h; OrganicCl - 6.3 Soil temperature Empirical constant in the heat 0.06 Default value
— thermal conductivity of the organic
conductivity material at the surface

Teaamp TempAirAmpl °C 6.5  Soil temperature Assumed value of the amplitude 10 Default value
— lower boundary of the sine curve , representing the

lower boundary condition for heat
conduction

A humus OrganicLayerThick m Soil thermal Thickness of the humus layeras 3 Site specific value for
properties used as a thermal property peat depth. Measurements

at the site indicate a peat
depth of 3-4m

6, Residual Water vol% 6.9  Soil hydraulic Residual soil water content 1(1) Received by comparing
properties: shape resulting pF curves with
of water curves measured in
retention peatlands (Kellner and

Lundin 2001) under
consideration of the range
for the calibrated
parameter AirEntry; The
value in brackets is used
for layers below —30cm

n n Tortuosity - 6.10 Unsaturated soil Parameter for pore correlation 1(1) Based on results from a
hydraulic and flow path tortuosity in the pre-study calibration with
conductivity of function for unsaturated hydraulic the site data. The value in
soil conductivity brackets is used for layers

below —30cm

zp DrainLevel m 6.12  Soil water: Lower depth of the drainage -0.12 Measured water level
drainage depth during wet periods at the

site
DrainLevelMin m Soil water: Lowest possible water level -0.6 Well below the lowest
minimum drain measured water table at
level that site (0.4).

[ Macro Pore vol% 6.13 Soil hydraulic Macro pore volume 4(4) Received by comparing
properties: shape resulting pF curves with
of water curves measured in
retention peatlands (Kellner and

Lundin 2001) under
consideration of the range
for the calibrated
parameter AirEntry; the
value in brackets is used
for layers below —30cm

Koar Total Conductivity —mm 6.11 Saturated soil Total conductivity under 1610 From measured dry bulk

day' hydraulic saturated conditions (800)  density according
6.13  conductivity of Pédivinen, 1973
soil

rar TempFacLinlncreas oC! 6.14  Soil hydraulic The slope coefficient in a linear ~ 0.023 Default value

e conductivity: temperature dependence function
temperature for the hydraulic conductivity
dependence

Ti07 TempFacAtZero - 6.14  Soil hydraulic Relative hydraulic conductivity 0.55 Default value
conductivity: at 0°C compared with a reference
temperature temperature of 20°C.
dependence
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Symbol  Parameter Name Unit Eq. Module Definition Value Literature or default value

Koninue MinimumCondVal mm 6.14  Soil hydraulic The minimum hydraulic 1-10° Default value
ue day™ conductivity conductivity in the hydraulic
conductivity function.
. Eff Litter1 &2 day’l 5.6, SOC Fraction of decomposition 0.5 Default value
5.7, decomposition products from the fast SOC pools
5.8 being released as CO,
i1 HumFracLitter] &2 day’l 5.6, SOC Fraction of decomposition 0.2 Default value
5.7, decomposition products from the fast SOC pools
5.8 that will enter the slow
decomposition pools
Pop ThetaPowerCoef vol% 54 SOC Power coefficient in the response 1 Default value
decomposition —  function of microbial activity in
water response dependency of soil moisture
1; RateCoefSurf day’l 5.5 SOC Fraction of the above ground 0.005 Default value
L1&2 decomposition residues that enter the pool for fast
decomposition of the uppermost
soil layer
fon Eff Humus day’l 59 SOC Fraction of decomposition 0.5 Default value
decomposition products from the slow SOC pools
being released as CO,
cn,, CN Ratio Microbe - SOC Litter quality at which 30 Based on results from a
decomposition decomposers shift from pre-study calibration with
immobilisation of mineral N to net the site data.
mineralisation
Latitude - Geographic position; used for the 65.18 Location of the site

calculation of cloudiness
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Table S4. Correlation coefficients between parameters and performance. The maximum value
is shown if a parameter correlated with several performance indices or several sub periods of

the same variable. The first two digits after decimal point are displayed. Values < 0.14 are not

shown.

.5 8

£ .

g g " "

T =2 5 5 E g 2 g 3 g £
o - 5 5 £ w oz oz & g £ u 5 @ g o £ g w £ w & &
Z 2 S i 222223358 558 § g 2 8 % 2 % %
g E 2 @ % % 2 B 2 2 3 3 5 02 5 & = m m £ £ & 2
= A z 4 4 z & 2 £ £ £ & zz =z a a9 72 2 & &

Qpye, vasc

77 76 52 63 62

Rn
interc

g
§- Qpye, vasc

1i
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Table S5. Prior and posterior parameter ranges of the basic selection. Deviations of parameter

ranges from the prior, after applying the basic criteria. Only parameters with a deviation are

shown. The deviation is given in percentage of the prior range.

Max

k, resp,vasc

&max,moss

chI

Iis

Min Range deviation

Max Range deviation

Mean Range deviation

St.D range deviation

5 Percentile range deviation
51 Percentile range deviation

95 Percentile range deviation

3%
1%
13%
11%
11%
17%

19%

3%
1%
8%
11%
11%
10%

19%

0%
0%
13%
5%
2%
17%

14%

0%
0%
8%
4%
10%
10%
1%

0%
0%
10%
2%
4%
12%

1%

0%
0%
8%
2%
1%
10%

4%

0%
0%
9%
5%
0%
9%
13%

0%
0%
7%
1%
2%
10%

2%
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Table S6. Correlation coefficients of the detected equifinalities.

decimal point are displayed. Values < 0.14 are not shown.

The

first two digits after

ki

Posatact

tnax

PoLow
Poupp
ki

i

root, vasc

p

Thaturesum

Kgresp, vasc
Poi, vase
Po2, vase

Myetain

€L, vasc

Po1, moss

Keresp, moss

Po2, moss

root, Moss

p

IR(']. moss

J SnowReduce

LAl
toro
Irer
Is

pve, vase

Poupp
PoLow
Pésatact
tax

inin

ki
k[l

Myetain
'Zroot, moss

pzmr/l, vasc
tor
Kgresp, vase
Kgresp, moss
Thaturesum
IRe1, moss
ILs

Ier
SsnowReduceLal
Po2, moss
Po2, vase
Pol, vase
Pomn, moss
Pomn, vase
Por, moss
EL, moss
€L, vasc
Opve, vase
Qpve, vase
Qpgrain
Tamean

h;

Sk
ZoM,snow
Falai
Fa,max,snow-1
CHO, canopy
¢ eg

1]

(U2

s
Gmaxwin
Gmax, moss
Gmax, vase

d,

X

heom

TRaint,
mr

Psmin

Sdi

Saw

Fon

MRmin
Az,

Count

14

16

16
17

18

18

21

19

16

21

16

19

16

14

20

18

20

16

21

23

20

19

24
25

19

19

17

18

17

17
20

19

19
19

26
25

16

19

24

28

=
a

17

16
21

19

19

16

19

20

=
()]

19

18

17

19

19
26

16

23

16

20

22

14

19

25
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Table S6 continued.

Qpgrain
Falai

Tamean

! a,max,snow-
CHO, canopy
Imax, vase
R

1

1

p

Gmax, moss
Yeg
Gmaxwin

tiwa

Y

hcom

mr

TRaint,

MRmin
fon

Az,

Psmin

Sdl

Saw

Poupp
PoLow
Pésatact
tnax

tinin

kn

ki
Myetain
P:zroot, moss

'zroot, vasc

toro
Karesp, vase
Karesp, moss
TMaturesum
IRe1, moss
Is

Ier
JSnowReduceLAl
Po2, moss
Po2, vase
Por, vase
Pomn, moss
Pon, vasc
Por, moss
€L, moss
€L, vasc
Gpve, vase
Opve, vase
Qpgrain
Tamean

h;

Sk
Z0M,snow
Falai
Fa,max,snow-1
CHO, canopy
Yeg

P

(U2

twa
Gmaxwin
Gmax, moss
Gmax, vasc

d,

p

Ya
Reom
TRaint
mr
Psmin
Sdi
Saw
fan
MRmin
Az,

Count

=
(=)}

14

19

16

20 16
22

23

32 30 18

32
30

18

19

19

16

20 18 30 23

21

19

16

19

20

21

20

17

19

45 14

14

22

17

17

17

20

18

30

14
45
23

16

23

18

16

17

14

14

20

20

16

28

17

17

21

22

20

17
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Figure S1. Model fit to observations. Left column: simulated and measured mean of all years.
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