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Figure S1: rbacon Age-depth model for core MH1.
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Figure S2: rbacon Age-depth model for core MKI1.
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Figure S3: rbacon Age-depth model for core OD2.



s 52 Peat samples within and outside prediction domains
of the models
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Figure S4: Preprocessed spectra (clipped, baseline corrected, normalized, binned) of the peat
samples analyzed in this study, assigned to panels depending on whether they are or are not
within the prediction domain (columns) of the different models (rows).
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Figure S5: Kernel density estimate plots for carbon contents and HIy630/1090 for peat samples
analyzed in this study, grouped by whether the samples are or are not within the prediction
domain of the different models (rows).



S3 Sensitivity of yvrs to admixtures of minerals and
strongly decomposed peat
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Figure S6: Preprocessed spectrum (clipped, baseline corrected, normalized) for the mineral-
rich peat sample from the Peatland Mid-Infrared Database (Drollinger et al., 2019, 2020).
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Figure S7: Predictions of the degree of decomposition (1yrs) for selected litter samples from
the trainig data with varying additions of a peat sample with large mineral contents for model
1. The black line represents median predictions, shaded areas are prediction inverals with
significance level indicated in the legend. Points are the degree of decomposition measured in
litterbag experiments or assumed as 0% for undecomposed litter.
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Figure S8: Predictions of the degree of decomposition (1yrs) for selected litter samples from
the trainig data with varying additions of a peat sample with large mineral contents for model
2. The black line represents median predictions, shaded areas are prediction inverals with
significance level indicated in the legend. Points are the degree of decomposition measured in
litterbag experiments or assumed as 0% for undecomposed litter.
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Figure S9: Predictions of the degree of decomposition (1yrs) for selected litter samples from
the trainig data with varying additions of a peat sample with large mineral contents for model
3. The black line represents median predictions, shaded areas are prediction inverals with
significance level indicated in the legend. Points are the degree of decomposition measured in
litterbag experiments or assumed as 0% for undecomposed litter.
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Figure S10: Predictions of the degree of decomposition (yyrs) for selected litter samples from
the trainig data with varying additions of a peat sample with large degree of decomposition
for model 1. The black line represents median predictions, shaded areas are prediction
inverals with significance level indicated in the legend. Points are the degree of decomposition
measured in litterbag experiments or assumed as 0% for undecomposed litter.
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Figure S11: Predictions of the degree of decomposition (yyrs) for selected litter samples from
the trainig data with varying additions of a peat sample with large degree of decomposition
for model 2. The black line represents median predictions, shaded areas are prediction
inverals with significance level indicated in the legend. Points are the degree of decomposition
measured in litterbag experiments or assumed as 0% for undecomposed litter.
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Figure S12: Predictions of the degree of decomposition (yyrs) for selected litter samples from
the trainig data with varying additions of a peat sample with large degree of decomposition
for model 3. The black line represents median predictions, shaded areas are prediction
inverals with significance level indicated in the legend. Points are the degree of decomposition
measured in litterbag experiments or assumed as 0% for undecomposed litter.
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S4 Relation of C/N and HlI630/1000 to the degree of
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Figure S13: Relation of the degree of decomposition as observed in the litterbag experiments
from Reuter et al. (2020) and Arsenault et al. (2024) to two often used qualitative decompo-
sition indicators: the carbon to nitrogen ratio (C/N) and a humification index (HIyg30/1090)
measured for the same litter samples. Lines are ordinary linear regression lines fitted to
the data. “Reliability” indicates whether the qualitative decomposition indicator value is
measured or predicted from MIRS (all values are measured). For each panel, the Pearson
correlation coefficient (p) is given. These panels can be compared to Fig. 2 in the main text.

S5 Estimating relative differences of optimal decompo-
sition rates between litter types and the decrease
of decomposition rates as mass is lost from Yyrs

Here, we show that yrs may be useful to estimate relative differences of optimal decompo-
35 sition rates between litter types, or alternatively the slow-down of decomposition the more of
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the initial mass is lost, as assumed in the decomposition module of the Holocene Peatland
Model (HPM) (Frolking et al., 2001, 2010). To this end, we first show that when assuming
exponential decay or the decomposition module of the HPM, decomposition under the same
environmental conditions simply scales the litter type-specific optimal decomposition rate
by the combined effect of environmental conditions over time (we call this combined effect
the decomposition progress). This allows to cancel the influence of environmental conditions
from the decomposition formulas when taking the difference or ratio of the decomposition
formulas for litter types decomposing under the same environmental conditions, which allows
to estimate the ratio of optimal decomposition rates for the litter types or the decrease of
decomposition rates as decomposition progresses, given that v of each litter type and the
respective other term (the litter-specific decomposition rates or the decrease of decomposition
rates as decomposition progresses are known).

We define the decomposition progress as the sum of environmental controls on decomposition
rates over the time steps (assuming that environmental conditions are constant within a
time step). Thus, when environmental conditions are favorable for decomposition, one time
step will increase the decomposition progress more than when environmental conditions limit
decomposition.

Calculation of v and mass loss are straightforward in the two decomposition models described
in Frolking et al. (2001) (exponential decay and decomposition with rates slowing down
as decomposition progresses; these models are also part of the Holocene Peatland Model
(Frolking et al., 2010) and other peatland models (e.g., Morris et al., 2012)). Therefore, if we
compute remaining masses of two litter types that decomposed under the same environmental
conditions (for example because they are part of the same peat layer), we can separate the
litter type-specific decomposition rate from the scaling by environmental conditions over
time (the decomposition progress). This allows efficient computation of remaining masses
under step-wise constant environmental conditions over time and it allows comparisons of ~y
between litter types under the same decomposition progress.

The first decomposition model is the solution of equation (3) in Frolking et al. (2001) with
a = 1, which is exponential decay as used in many models (e.g., Clymo, 1984):

m;j(t) = myj(to) exp(—ki;t). (S1)

Here, the mass of litter type ¢ in layer j at time ¢ is m;;(¢), the initial mass of the layer is
mi;(to) and k;; is the decomposition rate of litter type ¢ in layer j, which is constant over
the considered time period. In the HPM and other models, £;; is assumed to be the product
of some optimal litter type-specific decomposition rate ky; and time-dependent functions
that describe how environmental conditions scale ko ;. For example, f;(¢) may describe how
peat water content in layer j at time ¢ modifies the decomposition rate. Note that the
environmental controls are assumed to scale the decomposition rates of all litter types in
the same way, that is, f;(¢) does not depend on the litter type. Frolking et al. (2001) also
suggests to assume that f;(¢) is constant for one time step, i.e. f;(t) = a for to <t <ty + At
for some value a > 0 and some time values tg, tyo + At that define the temporal grid. Then,
we have at time ty + nAt, with At = 1:
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mi;(to +n) = my;(to) ﬁ exp(—ko,if;(to + 2))) = my;(to) exp(—ko,) exp(z fi(to +2)), (S2)

z=1 z=1

The second decomposition model is the solution of equation (3) in Frolking et al. (2001) with
« > 1, which means that decomposition rates decrease as mass gets lost, where « is a scaling
factor and larger values lead to a faster decrease of decomposition rates:

mi;(to)

miy(f) = (1+ (a — Dkyt)eT

(S3)

where « > 1 controls how much decomposition rates decrease as mass is lost. Equation (S3)
can be derived from the following differential equation:

dmi; () mi(t) )"
T = —ko,imij(to) (mij (0)> y (84)

which becomes

dmi; ()
dt

= —ko i fj(t)mi;(to) <ZZ((S))> ’ .

when we include environmental controls of the decomposition rate, f;(¢). Assuming again
that f;(¢) is constant for intervals on the defined time grid, we can solve the differential
equation for the time period [tg,to + nAt] (At is the resolution of the time grid, which here
is set to 1, n is a natural number) as follows:

16



90

95

100

dmz(t) (t) *
e sy ( 220
1
————dm,;;(t) = —ko.i ii(to) dt
— m2]<t) my; () 0 fj m] 0 (mZ )
mij (t0+’nAt) 1 d to+nAt k dt
< i = —ko; i
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(56)

Thus, we can use the decomposition progress as defined at the start of this subsection
(X7 fi(to + z)) with both decomposition formulas to analyze how ~ of two litter types
decomposing under the same environmental conditions (= having the same decomposition
progress) differs.

If the two decomposition models are accurate and we have measured v of two litter types
from the same peat layer, we can compute the difference or ratio of their litter type-specific
decomposition rates (kg ;) under optimal conditions. Alternatively, when we know the litter
type-specific decomposition rates under optimal conditions for two litter types in the same
peat layer, we can estimate «. This is useful because « can neither be estimated accurately
from litterbag data nor from fitting decomposition models to dated peat cores (Frolking
et al., 2001; Teickner et al., 2025). Of course, this approach assumes that decomposition
happens according to equation (S6). Therefore, it is also useful to compare « estimated
across different layers.

To show that these computations are possible, assume that there are two litter types in layer
j,say i = 1is S. fuscum material and i = 2 is Calluna vulgaris leaf material. For the first
model, the decomposition rate for litter type i can be derived from equation (S2):

o m”(t+n) - _1o 1—’}/@](1?—‘—71)
boi = —log (mz‘j(to) exp(3oT_ fi(to + Z))) o (eXP(ZZLl fi(to + Z))> 0

where 7 is the degree of decomposition. The difference between the decomposition rates of
both litter types under optimal environmental conditions is:
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= log(1 — 72;(t)) — log(

For the second model, the decomposition rate for litter type ¢ can be derived from equation

(S6):

mij(to) ' —myj(to +n)
(1 = a)my;(to) =t 220, fito + 2)
1— (1 — ()"
(1 —a) Xl fi(to + 2)

(59)

The ratio of the decomposition rates of both litter types under optimal environmental
conditions is:

kop (1 =)0 fi(to+ 2) L — (2 ot

_ (1—( (

ko2 (1 —a) X0 fito +2)(1 — (1 —y2,(2
(1—( (

(1 —( (

—a+1
S10
|t (510)

L — (¢

—a+1

)~
)7t
)=
)7t

References

Arsenault, J., Talbot, J., Moore, T. R., Knorr, K.-H., Teickner, H., and Lapierre, J.-F.:
Patterns and Drivers of Organic Matter Decomposition in Peatland Open-Water Pools,
Biogeosciences, 21, 3491-3507, https://doi.org/10.5194 /bg-21-3491-2024, 2024.

Clymo, R. S.: The Limits to Peat Bog Growth, Philosophical transactions of the Royal
Society of London. Series B, Biological sciences, 303, 51, 1984.

Drollinger, S., Kuzyakov, Y., and Glatzel, S.: Effects of Peat Decomposition on 6*C and
§'°N Depth Profiles of Alpine Bogs, CATENA, 178, 1-10, https://doi.org/10.1016/j.cate
na.2019.02.027, 2019.

Drollinger, S., Knorr, K.-H., Knierzinger, W., and Glatzel, S.: Peat Decomposition Proxies
of Alpine Bogs along a Degradation Gradient, Geoderma, 369, 114 331, https://doi.org/
10.1016/j.geoderma.2020.114331, 2020.

Frolking, S., Roulet, N. T., Moore, T. R., Richard, P. J. H., Lavoie, M., and Muller,
S. D.: Modeling Northern Peatland Decomposition and Peat Accumulation, Ecosystems, 4,
479-498, https://doi.org/10.1007/s10021-001-0105-1, 2001.

Frolking, S., Roulet, N. T., Tuittila, E., Bubier, J. L., Quillet, A., Talbot, J., and Richard,
P. J. H.: A New Model of Holocene Peatland Net Primary Production, Decomposition,

18



Water Balance, and Peat Accumulation, Earth System Dynamics, 1, 1-21, https://doi.org/

125
10.5194 /esd-1-1-2010, 2010.
Morris, P. J., Baird, A. J., and Belyea, L. R.: The DigiBog Peatland Development Model 2:

Ecohydrological Simulations in 2D, Ecohydrology, 5, 256-268, https://doi.org/10.1002/eco.

229, 2012.

1o Reuter, H., Gensel, J., Elvert, M., and Zak, D.: Evidence for Preferential Protein Depolymer-
ization in Wetland Soils in Response to External Nitrogen Availability Provided by a Novel
FTIR Routine, Biogeosciences, 17, 499-514, https://doi.org/10.5194 /bg-17-499-2020, 2020.

Teickner, H., Pebesma, E., and Knorr, K.-H.: A Synthesis of Sphagnum Litterbag Experiments:
Initial Leaching Losses Bias Decomposition Rate Estimates, Biogeosciences, 22, 417433,

https://doi.org/10.5194 /bg-22-417-2025, 2025.

135

19



