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Table S1 Abbreviation used in this study.

Abbreviation Description

A Upstream drainage area (m?)

Cebank Fraction of sediment deficit that can be complemented by erosion of river bank each day (0-1,
unitless)

Cebed Fraction of sediment deficit that can be complemented by erosion of river bed each day (0-1,
unitless)

Cllddep Daily deposited fraction of the suspended sediment in flooding waters (0-1, unitless)

Ciday Daily actual cover management factor (unitless, 0-1)

Cres Assumed reference cover management factor of MUSLE (unitless, 0-1)

Crivdep Daily deposited fraction of the sediment surplus (0-1, unitless)

DA; Drainage area of headwater basin i (m?)

DOC Dissolved organic carbon

DOC Labile DOC pool

DOCr Refractory DOC pool

Enzo Evaporation of flooding water (m3 day™")

fa Fraction of floodplain area in each grid cell (0-1, unitless)

Sariv Fraction of river surface in each grid cell (0-1, unitless)

Fhreazfia k Transformation of sediment (k=sed, g day!) and POC (k= POC g C day") deposited in river
channel to the floodplain soil

Fero_k Sediment (k=sed, g day™) or carbon (k= POC, DOC or CO,, g C day™') entering the target
river segment due to erosion of river bank

Fuown2pia_k Water (k=h20,m> day™!), sediment (k=sed, g day™') or carbon (k= POC, DOC or CO2, g C day-
1) flow from the target river segment to the neighbouring downstream floodplain

Faownzriv k Water (k=h20,m’ day™), sediment (k=sed, g day™') or carbon (k= POC, DOC or CO;, g C day-
1) flow from the target river segment to the neighbouring downstream river

For Water (k=h20,m* day™) or carbon (k= DOC or CO:, g C day™) flow from upland to the slow
water reservoir through drainage

Frux Water (k=h20,m’ day!), DOC (k= DOC g C day™') or CO2 (k= CO2 g C day") infiltrated to
floodplain soil, or sediment (k=sed, g day!) or POC (k= POC g C day™") deposition on
floodplain

Fraziv_k Water (k=h20,m* day'), sediment (k=sed, g day') or carbon (k= POC, DOC or CO:, g C day
1 input from flooding water to the target river segment

Frou i Water (k=h20,m* day'"), sediment (k=sed, g day') or carbon (k= POC, DOC or CO:, g C day
" flow from fast reservoir to stream reservoir

Froc i Daily decomposition rate of POC in water reservoir i (g C day’!, i= fast, stream, flooding
water)

Frak Sediment (k=sed, g day™") or carbon (k= POC, DOC or CO,, g C day™') deposition in river
channel

Frero k Sediment (k=sed, g day™") or carbon (k= POC, DOC or CO,, g C day™') entering the target
river segment due to erosion of river bed

Fro_x Water (k=h20,m* day"), sediment (k=sed, g day') or carbon (k= POC, DOC or CO;, g C day-
1) flow from upland to the fast water reservoir through surface runoff

Stopo Topographic index of each headwater basin (unitless)

Fupapa & Water (k=h20,m* day"), sediment (k=sed, g day') or carbon (k= POC, DOC or CO;, g C day-

1) flow from upstream river segment to the neighbouring downstream floodplain
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Water (k=h20,m> day), sediment (k=sed, g day-1) or carbon (k= POC, DOC or CO;, g C day-
1) input from upstream river segments to the target river segment
Infiltration of flooding water (m?® day™")

Soil erodibility factor of MUSLE in headwater basin i (Mg MJ-! mm™)

The combined dimensionless slope length and steepness factor MUSLE in headwater basin i
(unitless, 0-1)
Plant functional type

Particulate organic carbon
Active POC pool

Passive POC pool

Slow POC pool

Factor of erosion control practices (unitless, 0-1)
Long-term average stream flow rate (m® s!)

Daily peak flow rate at the outlet of headwater basin i under the assumed reference runoff
condition (m? s!)

Total water discharge at the outlet of headwater basin i for the daily reference runoff condition
(m’ day™)

Stream flow rate on day i(m’ s/)

The maximum half-hour runoff in each day (mm 30-min)

Assumed reference daily maximum 30-minutes runoff (mm 30-min’!)
Daily total surface runoff (mm day™!)

Assumed reference daily total runoff (= 10 mm day™")

Soil layer under 2 m depth

Water (k=h20,m?), sediment (k=sed, g) or carbon (k= POC, DOC or CO-, g C) storage in the
fast water reservoir (i.e. the upland surface runoff)

Water (k=h20,m?), sediment (k=sed, g) or carbon (k= POC, DOC or CO-, g C) storage in the
flooding water reservoir

Daily sediment delivery from headwater basin i under a given set of reference runoff and
vegetation cover conditions (Mg day™! basin™)

Actual daily sediment delivery from land to river a specific 0.5°x0.5° grid cell (g day™! grid™)

Soil organic carbon

Stock of POC in each water reservoir (g C day™!, i= fast, stream, flooding water)

Total sediment delivery from land to river in a specific 0.5°x0.5° grid cell under reference
runoff and vegetation cover conditions (g day-1 grid-1)

Water (k=h20,m?), sediment (k=sed, g) or carbon (k= POC, DOC or CO?, g C) storage in the
stream water reservoir

Sediment transport capacity (g m™)

Total organic carbon

Temperature of water reservoirs (°C)
Default water residence time of the fast reservoir (= 3 days)
Default water residence time of the flooding water reservoir (= 3 days)

the turnover time of the i (active, slow and passive) POC pool (year)




Coefficient of proportionality for calculating sediment transport capacity (unitless)
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No

Figures in Supplementary Information

ORCHIDEE
(Krinner et al., 2005)
A land surface model which simulates
the carbon, water and energy cycles of
terrestrial ecosystems
Shorteomings:
= Soil DOC is ignored
+  Vertical discretization of SOC and
DOC is ignored

k.

ORCHILEAK
(Lauerwald et al., 2017)

Major new developments:

+ Lateral transfers of DOC and
dissolved CO, from soils to the
ocean through river network

*  Water and DOC exchange between
river networks and floodplains

ORCHIDEE-SOM

(Camino-Serrano et al., 2018)

Major new developments:

*  Soil DOC dynamics and leaching of
soil DOC

*  Vertical discretization of SOC and
DOC

study.

ORCHILEAK-MUSLE
(Zhang et al., 2020)

.| Major new developments:

* Sediment and POC delivery from
upland soils to river channel

*  Changes in vertical SOC
distribution caused by soil erosion

ORCHILEAK-C .1z
(This study)

Major new developments:

« Lateral transfers of sediment, POC,
DOC and dissolved CO, from soils
to the ocean through river network

*  Changes in vertical SOC
distribution caused by soil erosion
and sediment deposition in
floodplains

Figure S1 Properties and the developing history of the ORCHIDEE branches mentioned in this
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Figure S2 Comparison between the return period of daily bankfull flow (Pf0ding) and the return

period of flooding event. When the threshold of bankfull flow is set to 4550 m* s\, Piooding

shown in this figure is 0.1 year as the bankfull flow occurred in 20 days during the investigated

time of two years. But the return period of flooding event is 0.5 year as there are four flooding

events.
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Figure S3 Geographical location of the gauging stations for river discharge (a), bankfull flow

(b), sediment discharge (c¢) and riverine organic carbon discharge (d) used in this study. Figure

(d) also shows the spatial distribution of 57 catchments in Europe. The simulated average net soil

loss rates (g m™ yr'!) of these 57 catchments were compared to the average net soil loss rates

extracted from the sediment delivery data provided by the ESDAC (see section 2.3 of the main

text).
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Figure S4 Relative changes in simulated riverine sediment and carbon discharges with 10%
increase and decrease in parameters controlling sediment transport in river network. ® is the
coefficient of proportionality for calculating sediment transport capacity (Eq. 8); cudep is the
daily deposited fraction of the sediment surplus in flooding reservoir (Eq. 11); cyivaep 1s the daily
deposited fraction of the sediment surplus in stream reservoir (Eq. 5); cepan 1s the fraction of
sediment deficit that can be complemented by erosion of river bank (Eq. 6); cesea 1s the fraction

of sediment deficit that can be complemented by erosion of river bed (Eq. 6).
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Figure S5 Comparison between the simulated and observed time series of mean annual water

discharge rates at 14 gauging stations.
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Figure S6 (a) Comparison between the river network extracted from the STN-30p database at

0.5° resolution (blue) (i.e. the forcing data of stream flow directions used in this study) and the

river network derived from the HydroSHEDS DEM data at 3" resolution (red); (b) the real river

network in the estuary region of the Danube River (obtained from © Google Maps). GRDC _ID

denotes the identify number of the gauging station in the GRDC database (Table 1).
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found in Table 1.
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(TOC) in representative European rivers. DA is the drainage area of the corresponding gauging

station.
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59  Figure S10 Comparison between simulated and observed discharge rates of total organic carbon
60 (TOC) in representative European rivers. DA is the drainage area of the corresponding gauging

61  station.
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Figure S11 Comparison between simulated and observed discharge rates of dissolved organic

carbon (DOC) in representative European rivers. DA is the drainage area of the corresponding
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ORCHIDEE-Ciaterat With deactivated soil erosion and routing module) in whole Europe from the

year 1901 to 2014. The blue line in each subplot is the difference between the simulated results
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Figure S16 Changes in soil temperature (Tem, °C) and soil wetness (SW, unitless) above wilting
point due to the lateral carbon transport. The change of Tem was calculated as Temia: - Temnoat,
where Temiar and Temnolat are the soil temperatures when lateral carbon transport is considered

and ignored, respectively. The change of SW was calculated in the same method as the Tem.
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