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1 Respiration of litter and soil carbon

The respiration of the un-respired litter carbon and the soil carbon has been calculated analogous

to the LPJmL functions with Egs. (S1) to (S12)

LitCynresp o = Litcunrespt X (1— e~ (respijigex Tresponset))
Litcypss = Litcy X (1 — e~ (respijiecx Tresponset))
lTLitCunrespt = Litcunrespt - Litcunresploss
IrLitc; = Litcy — Litcyyss
Litc; = lrLitc, + lrLitcynresp ;
lrSOileastt = SOileastt + respipartsoiicrast (Litcunresploss + Litcunresploss)
lrSOilelowt = SOilelowt + respipartsoilcslow(LitcunresplosS + Litcunresploss)
Soilegast,,, = IrSoilepase, X (1 — e~ (rePlsousasex Tresponsec)
S0ilCsiow 55 = rS0ilcsiow, X (1 — e~ TesPisousiow Tresponser))
eroilcfastt = lrSoilcfastt — eroilcfastloSS
sTSotlcsow, = rSoilcsiow, — STS0ilCsiow hgs

Soilc, = SrSOileastt + srSoilcgow,
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(S3)

(S4)

(S5)

(S6)

(S7)

(S8)

(S9)

(S10)

(S11)

(S12)

with respipartsiicrast being the fraction of litter that enters the soil organic carbon pool with fast
respiration and respipartsisiow being the fraction of litter that enters the soil organic carbon pool

with slow respiration.



2 Mobilization

The mobilization takes place in the cell heterogeneously. It occurs first closest to the river. The
cells are therefore divided into fractions, which size depends on the vicinity to the river, with
section 6 closest to the river.

m section 1 (63.37%) m section 2 (23.31%) m section 3 (8.58%)
m section 4 (3.15%) m section 5 (1.16%) m section 6 (0.43%)

Figure S1: Depiction of the fraction of each cell section.

3 Sensitivity analysis
3.1 Initial parameter setting and quality

The parameterization of the model builds upon an analysis of the scientific literature. The
parameters used within the model originate from a number of sources and are of differing
quality. Table S1 lists all parameters and their sources. In addition to the parameter value, it also
provides the value ranges and a first quality assessment of the parameter values based on the
methods used in the relevant studies. The quality was weighted medium to low if the
measurements took place in a slightly other system, for instance in the Igapd instead of Varzea,
or are only based on one single observation. The quality and the relevance of single parameters
for the simulation outputs are further tested in the sensitivity analysis.

Table S1: Initial parameter setting. List of parameters and parameter quality (high, medium, low).

parameter name | initial value | unit | source | quality
mobilization

carboncorr 065 +0.15 | month™ | (Worbes, 1997) high

mobili 0.4 +0.1 month™ | (Irmler, 1982) medium

mobilspiic 0.008 +0.002 | month™ | (Irmler, 1982) low

mobil,, 0.5 +0.25 - (McClain and Elsenbeer, 2001; | medium

Johnson et al., 2006)

decomposition

decomp 0.3 +0.1 month™* | (Furch and Junk, 1997) high

decompcorr 0.1 +0.01 month™* | (Furch and Junk, 1997) high
respiration

respi 10045 +0.01 [day" | (Coleetal., 2000) | high
outgassing

co2satur | 7.25t017.0 | - | (Richey et al., 2002) | high




3.2 Simulations for sensitivity analysis

The model RivCM has been run on a 0.5° x 0.5° spatial resolution for the period 1901-2003. The
transient runs have been preceded by a 90-years-spinup during which the climate, CO; levels and
carbon input (litter and soil) of 1901-1930 have been repeated to obtain equilibrium for the
riverine carbon pools. As input to the terrestrial litter and soil carbon pools, LPJmL results
produced under the CRU TS2.1 climate (Osterle et al., 2003; Mitchell and Jones, 2005) has been
used. The transient LPJmL runs have been preceded by a 1,000-years-spinup during which the
pre-industrial CO, level of 280 ppm and the climate of the years 1901-1930 have been repeated
to obtain equilibrium for vegetation, carbon and, water pools. For this analysis, simulations have
been conducted with an initial parameter setting (see Table S1) and a modified parameter setting
(Table S2).

Table S2: List of parameters modified for the sensitivity analysis. All parameters have been
multiplied with the following factors: 0.1; 0.5; 0.9; 1.1; 1.5; 1.9.

parameter name | original modified value
value
mobilization
mobilji 0.4 0.04; 0.2; 0.36; 0.44; 0.6; 0.76
mobilsiic 0.008 0.0008; 0.004; 0.0072; 0.0088; 0.012; 0.0152
mobil,, 0.5 0.05; 0.25; 0.45; 0.55; 0.75; 0.95
decomposition
decomp | 0.3 | 0.03; 0.15; 0.27; 0.33; 0.45; 0.57
respiration
respi | 0.045 | 0.0045; 0.0225; 0.0405; 0.0495; 0.0675; 0.0855

The sensitivity analysis aims to estimate the effect of changes in the explaining variables on the
response variables. The results of these simulations have been analysed with a redundancy
analysis (RDA). This analysis is, comparable to PCA, an ordination technique which identifies
the most important separator of a given dataset (including all response variables) and also the
most important initiator (explaining variables) of dataset's variability. The sensitivity analysis led
to a partly adapted parameter setting (standard parameters). For evaluation, simulations under the
standard parameter setting (see Table 3 row ‘original value’) have been conducted. The results of
these simulations have been compared to several observed values (Table 4).

3.3 Results of sensitivity analysis

The aim of a sensitivity analysis is to estimate which output variable (response variable) is most
sensitive to changing parameters (explaining variables), and which parameter changes cause the
larges shifts in the output values.



To analyse the results of the simulation of the sensitivity analysis a redundancy analysis (RDA)
has been performed. The results of the redundancy analysis (for parameters see Table S2) are
summarized in and Table S3. This analysis shows the effect of the explaining variables, i.e.
parameters, mobilii, mMobilsic, mobil,, decomp and respi on the response variables riverine
particulate organic carbon (POC), riverine dissolved organic carbon (DOC), riverine inorganic
carbon (IC) and outgassed carbon. The parameter changes did not cause changes in IC, since it is
only temperature and atmospheric CO, dependent. Therefore, IC has not been included in this
analysis.

The RDA shows that 79.2% of the variance within the dataset can be described by the explaining
variables (therefore, 20.8% cannot be explained by explaining variables).

The first, second, and third axis explain 54%, 18.9%, and 6.3% of the variance within the
dataset, respectively. The variance of the response variables TOC concentration, DOC
concentration, and POC concentration are mainly influenced by the first axis (RDA1) with
loadings (prop) of —0.23, —0.21, and —0.18, respectively (depicted in red in Figure S2, listed in
Table S3). This axis is primarily controlled by respi (0.79) and mobiljic (—0.59) (blue arrows in
Figure S2). The variance of the response variable outgassed CO; is mainly influenced by RDA2
with a loading of —0.075. This axis is also primarily controlled by respi (—0.60) and mobilji.
(—0.78), but in a swapped order and, in contradiction to RDAT1, not in opposite directions. The
third axis (RDA3) mainly influences the response variables POC concentration and DOC
concentration, with loadings of 0.013 and —0.008, respectively. This axis is primarily controlled
by mobil, (0.81) and decomp (—0.59).

Therefore, the parameters that explain most of the variance within the dataset are respi and
mobilii.. The parameters mobil, and decomp have only little effect on the variance of the whole
dataset. The most and nearly equally influenced output variables are TOC concentration and
DOC concentration. POC concentration and outgassed CO; are only marginally affected.
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Figure S2: Results of the redundancy analysis. Redundancy analysis with all
simulations associated with the sensitivity analysis (black numbers). The four
output variables (red) have been calculated with five parameters (blue).

Table S3: Results of the redundancy analysis. Results for the first three RDA axes. Original value per
axis (axis) and values proportional to the explained variability of the whole dataset (prop) with a
general scaling constant of species scores of Cs = 3.9523.

| RDA1 | RDA2 | RDA3
Proportion explained
0.540 0.189 0.063
Species scores (response variables)
axis prop axis prop axis prop

TOC concentration —1.668 —0.228 0.4523 0.0216  -0.1601 —0.0026

POC concentration -1.325  |-0.181 0.3446 0.0165 0.8283 0.0132

DOC concentration [-1.564  |-0.214 0.4296 0.0205  [-0.5249 —0.0084

outgassed CO, -1.204 0.164 15634 [-0.0748 -0.0080  [-0.0001
Variable scores (explaining variables)
axis prop axis prop axis prop
mobil i —0.5900 0.3185 0.77757 [-0.14696 0.00312 [-0.00020
mobilsiic —0.1262 0.0681 0.17715 [-0.03348 -0.00110 [-0.00007
mobil, —0.0650 —0.0351 | 0.04598 | 0.00869 | 0.80759 0.05104
decomp 0.0452 | 0.0244 -0.03163 [-0.00598 -0.58934 [-0.03725

respi 0.7941 | 0.4287 -0.60111 0.11361 0.08909 0.00563




4 Calibration and validation

As a result of the sensitivity analysis, we calibrated values of the most important explaining
variables (parameters) mobilji, mobils;ic and respi (Tables 3 and 4). After calibration the
Willmott’s Index of Agreement, with 1 indicating complete agreement between observation and
simulation results (Willmott, 1982), is 0.615, compared to 0.427 with the initial parameter values
(Table 4). The calibrated rate of respiration (respi) lies within the observed range, while the two
other calibrated parameters (mobilji, mobils;c) are larger than observed values by a factor of 1.4
and 5, respectively (Table 3). However, the observations available were only conducted in a
Vérzea ecosystem and mobilg;ic and are only estimated.

Spatial pattern and distribution of the carbon pools as calculated with the standard parameter
setting are shown in Figure 4. The two organic carbon pools POC and DOC show the same
spatial pattern with high amounts concentrated along the river, and only differ in the actual
values with POC displaying half the amount of DOC (max. 0.2x10%gkm™ vs. max.
0.4x10° g km %, Fig. S3). In contrast, the two inorganic carbon pools differ in their spatial
pattern. The amount of inorganic carbon per cell (IC) increased up to 0.25x10° g km™ with
increasing river discharge. The outgassed carbon is more homogeneously distributed in the
catchment. Here, also the river network in combination with the floodplain can be identified.
Therefore, the pattern is less pronounced than in the other carbon pools.
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Figure S4: Changes in particulate organic carbon (POC) and dissolved organic carbon (DOC) caused by
climate change. Quotient (log1l0) of mean future and mean reference carbon amount for each climate
model/scenario under emission scenario A1B. Positive values indicate an increase and negative values
indicate decrease.
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