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Erosion exerts control on soil organic carbon (SOC) and both erosion and
SOC are affected by climate. To what extent temperature controls the
coupling between these erosion-C interactions remains unclear. Using ¥’Cs
and SOCinventories from catchments spanning different climates, we find
thatincreasing decomposition rates with temperature result in the efficient
replacement of SOC laterally lost by erosion in eroding areas but lower
preservation of deposited SOC in depositional areas. When combined at the
landscape level, the erosion-induced C sink strength per unit lateral SOC flux

increases with temperature from0.19g C (gC)*at0°Ct00.24gC(gC)™
at25°C. We estimated that the global C sink of 0.050 Pg C yr'induced by
water erosion on croplands increases by 7% because of climate change.
Our results reveal a negative feedback loop between climate change and
erosion-induced disturbance to SOC cycling.

Soils store more carbon than the atmosphere and vegetation com-
bined, thereby offering alarge potential to mitigate climate change via
C sequestration'?; at the same time, soils also pose a threat as global
warming and agricultural expansion might release parts of this large
stock’®”. Soil organic C (SOC) storage is controlled by the balance
between Cinputs and decomposition, both of which are mediated by
climate®’. SOC stocks and turnover times are known to covary with cli-
mate globally'®" but the relationship is complex: the sensitivity of SOC
cycling to temperature change is higher in cold regions thanin warm
regions and different ecosystems have different degrees of sensitivity
and coping mechanisms adapting to climate warming*>", Itis there-
forenot surprising that the response of SOC to climate change isamong
thelargest uncertainties under future climate change projections®**,

Erosion causesalarge flux of SOC across the land-to-ocean aquatic
continuum (LOAC)"* "¢, especially when natural land cover is converted
to croplands®?. These lateral SOC fluxes exert substantial impacts on

Ccycling processes along the LOAC and resultin notable amounts of C
exchange between land and atmosphere*?2, Previous studies focusing
ontheaquatic system showed that these disturbances of erosion to the
C cycling are also modulated by temperature. For instance, organic C
in the riverine water and sediments was found to decompose more
rapidly with increasing temperature resulting in higher CO, evasion
from rivers in warm regions®>**. Similarly, the decomposition rate of
buried organic Cin lakes was found to increase with temperature*,

As is the case of mobilized sediments entering aquatic envi-
ronments, temperature is expected to affect C dynamics in eroding
uplands as well, where most C mobilized by erosion is redeposited® .
In eroding areas, the reduced SOC stocks (due to SOC erosion) will
decrease soil heterotrophic respiration, which, in combination with
continued photosynthesis, results in a net uptake of atmospheric
C by the soil. This C uptake replaces parts of the SOC lost laterally
by erosion, a process that is referred to as ‘dynamic replacement™°,
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Indepositional areas, the lateral influx of SOC leads to a disequilibrium
between the SOC stock and local vegetation inputs. The buried sedi-
ments will therefore lose more SOC by microbial decomposition than
they gain SOC through vegetationinputs and SOC stored in deposited
sediments declines after burial**~*°. The ratio between the preserved
organic Cin buried sediments and the originally deposited SOC is
termed C burial efficiency (CBE)**®. Thus, erosion brings fresh soil
minerals from deeper horizons to the surface where they are mixed
with and adsorb some of the C derived from vegetation®’. During the
geomorphic cascade of erosion, transport and deposition, a fraction
of the fixed Cis decomposed, while the remainingis preserved in burial
sites often characterized by low decompositionrates, resultingin anet
sink of atmospheric C at the scale of eroding landscapes”*°. While both
Cinputsand SOC decomposition depend ontemperature, the effects of
temperature onthe replacement of SOClost from the eroding areas and
the preservation of buried SOC in the depositional areas have hitherto
not been explored. Therefore, the relationship between temperature
andthe efficacy of the C sink resulting from the operation erosion and
subsequent sediment burial can, at present, not be fully assessed and
itremains uncertain how this C sink will respond to climate change.

Here, we investigated the temperature effects on erosion-C cou-
pling via three lines of evidence. First, we compiled a dataset from
theliterature of SOC and ’Cs inventories of agricultural soils in Asia,
Europe and North Americaspanning awide range of climatic conditions
(Extended Data Fig.1and Supplementary Table1). In total, 1,562 profiles
from 20 catchments including stable and erosional soils at upland
hillslopes as well as colluvial soils at footslopes were examined. The arti-
ficial fallout radioisotope®Cs was used as a tracer to determine lateral
soil and SOC redistribution rates (erosion and deposition rates). The
direction and magnitude of net exchanges of C with the atmosphere
were derived from field observations of SOC stocks and soil redistribu-
tion rates (SRRs) at stable, eroding and depositional sites. The effect
of temperature on erosion-C coupling was assessed by confronting
the SOC cycling characteristics with the mean annual temperature of
each catchment. Second, we used a model that combinesaSOC cycling
module with soil redistribution processes to simulate SOC dynamics at
the hillslope scalein eroding landscapes as afunction of temperature
(Supplementary Methods Section 6). The model was run in a series
of scenarios with different C input and decomposition conditions to
explore how temperature affects the erosion-C coupling via chang-
ing the C input and decomposition rates. Third, by combining global
estimates of SOC stocks and of agricultural soil erosion rates”, we
estimated the global lateral SOC fluxes on croplandsinrelation to sur-
face erosion (Supplementary Methods Section 5). The same erosion-C
integrated model was applied at the global scale to investigate how the
erosion-C coupling varies with temperature.

Erosion-C couplingin upland catchments
Asobserved in previous studies*, SOC stocks decreased with tempera-
ture (Fig. 1a), indicating a more rapid increase of SOC decomposition
rate than SOC input with temperature. Within each catchment, SOC
stocks were positively correlated with SRRs with eroding areas depleted
of SOCand depositional areas enriched in SOC (Extended Data Fig. 2).
To avoid the influence of SOC stock differences on the comparison
between catchments, we normalized the SOC stock by dividing them
by the average SOC stock of the stable sites within each catchment.
The slope of the regression line between the SRRs (derived from *’Cs
inventories) and the normalized SOC stock represents the sensitivity of
the (normalized) SOC stock to the variation of SRRs for each catchment.
As shown in Fig. 1b, the slope of the regression lines decreased with
increasing temperature, indicating that SOC stocks are more sensitive
to soil redistributionin cold regions thanin warm regions.
Numerical simulations of SOC dynamics at the hillslope scale
(Supplementary Methods Section 6) demonstrated that SOC stocks
changed linearly with SOC inputs (Extended Data Fig. 3a) and that the

spatial variation of normalized SOC stocks was independent of varia-
tions of SOC inputs (Extended Data Fig. 3b). In contrast, an increase
of SOC decomposition rates not only decreased total SOC stocks
(Extended DataFig.4a) but also decreased the spatial variation of SOC
stocks (Extended DataFig.4b). Whenboth SOCinput and decomposi-
tionrates were allowed to vary with temperature, the spatial variability
of SOC stocks would decrease with temperature (Fig. 1b and Extended
DataFig. 5b). Thisis because in eroding areas the C replacement ratio
of the laterally exported SOC increased with temperature, while in
depositional areas the burial efficiency of deposited SOC decreased
with temperature (Extended Data Fig. 5c).

Inline with model predictions, field observations showed that the
average Creplacementratio of the eroding profilesincreased withtem-
perature from~65.0%at 0 °Cto~-87.5% at 25 °C (Fig. 1c). Thisindicates
that the Csink effectin the eroding areaincreases with temperature.
Alinear regression between soil redistribution (independent vari-
able) and the burial efficiency of deposited SOC (dependent variable)
showed that the slope of regression lines decreased with increasing
temperature (Fig. 1d). Thisindicates that CBE decreased more rapidly
with depositional ratesin warmregions thanin cold regions. Thus, the
difference between areas subjected to soil redistribution and refer-
ence areas becomes smaller with increasing temperature, as eroded
SOC is more rapidly replaced and deposited SOC is less efficiently
preserved in warmer environments. Consequently, reduced SOC
variability with soil redistribution at the landscape scale is observed
inwarmregions (Fig. 1b).

The overall and integrated influence of temperature on
erosion-induced C exchange at the scale of upland catchment is deter-
mined by the balance between the increase of C replacement with
temperature in eroding areas (more C replaced in warm regions) and
the decrease of CBE with temperature in depositional areas (more C
lost in warm regions). Model simulations suggest that the combina-
tion of these two counteracting processes will result in an increase
of the efficiency of the C sink per unit lateral SOC flux (the ratio of
erosion-induced land-atmosphere C exchanges to lateral SOC fluxes
due to erosion) with increasing temperature (Extended Data Fig. 5d).
The empirical data also suggest an increase of the C sink strength per
unitlateral SOC flux but this trend is not statistically significant (Fig. 1e).
Thus, in colder climates where C turnover is slower, the dominant effect
of soil erosion is to cause a physical redistribution of SOC, thereby
having less impact on the C exchange between soil and atmosphere.
In ecosystems characterized by faster C decomposition rates, higher
Creplacementratios of the laterally lost SOC resultin a more efficient
pathway to sequester atmospheric CO, from the atmosphere at erod-
ingsites. At depositionalsites, the soil-atmosphere C exchangeis also
enhanced but in the opposite direction, leading to higher losses of C
from the soil to the atmosphere as temperature increases. Carbon
sequestration in eroding areas increases more rapidly with tempera-
ture than Closs in depositional areas, so that the overall erosion sink
becomes larger with increasing temperature.

Erosion-C coupling at the global scale

The temperature effects on erosion-Cinteractions at the global scale
were explored using available spatial datasets in a spatially explicit
approach (Supplementary Methods Section 5). The net primary
productivity (NPP) was regarded as an estimate of the vegetation C
inputs to soils based on the assumption that the vegetation biomass
is at steady state". We acknowledge that some regions are subjected to
disturbances such as land use change and fires and are at a transition
stage. Nevertheless, since the remote sensing-derived NPP (resolution
30 arcsec) and Harmonized World Soil Database derived from SOC
profiles (resolution 30 arcsec) represent the average condition of the
raster grid, they can be regarded as an approximation of the equilibrium
condition of the area. At the global scale, both NPP and SOC decom-
position rates (estimated by dividing NPP by SOC stocks) increased
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Fig.1| Variation of SOC cycling metrics on eroding croplands with
temperature. a, Variation of SOC stocks (top 1 m) with temperature. b, Variation
of theslope of linear regression lines between the SRR (independent variable)
and the normalized SOC stock (dependent variable) with temperature.

¢, Variation of the average replacement ratio of SOC laterally lost by erosion with
temperature. d, Variation of the slope of linear regression lines between the SRR
(independent variable) and the CBE (dependent variable) with temperature.

e, Variation of the C sink strength per unit lateral SOC flux with temperature.
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Thered points denote the observations from the cropland sites, the blue points
denote the results of hillslope scale model simulations and the grey points
denote the results of global model simulations. The lines are the regression
curves of the points of the same colour. Texts denote the regression equations

of points of the same colour. Error bars denote the standard deviation. SRR in
band d denotes soil redistribution rate and CBE in d denotes C burial efficiency.
One-sided F-test was used in the regression analysis. The sample numbers of field
observations of each cropland site are displayed in Supplementary Table 1.

with temperature, while SOC stocks decreased with temperature
(Fig.2). Toassess the temperature sensitivity of SOC cycling processes,
we used the concept of Q, values, that is the factor by which a given
SOC cycling metric varies for a10 °C increase in temperature*’. We
obtained aglobally averaged Q,, value of 1.43 for the SOC decomposi-
tionrate, whichisin line with earlier estimates'*’. Due to this positive
relationship between SOC decomposition rates and temperature, the C
replacement ratio of laterally lost SOC by erosion was found to increase
with temperature while the CBE of deposited SOC decreased with tem-
perature (Fig.1). Inline with the field datainterpretation and hillslope
scale model simulations, the magnitude of the erosion-induced C sink
per unit of lateral SOC flux was positively correlated with temperature
increasing from-0.19 g C (g C)"at0°Cto-0.24 g C(gC)"at25°C at
the global scale (Fig. 2d).

To assess the Csink strength per unit cropland area, itis also neces-
sary to consider the absolute magnitude of the lateral SOC fluxes. As
reported in previous studies”**, we estimated global soil and C ero-
sion to be 17.89 and 0.26 Pg yr™, respectively. We obtained a global C
sink of 0.050 Pg C yr'induced by water erosion on croplands (Fig. 3).
This estimate is lower than the one obtained by ref. * because the
latter included both water and tillage erosion on croplands as well as
agricultural erosion on pasture and rangelands. The water erosion rate
of croplands was found to be positively related to the mean annual
precipitation at the global scale” (Extended Data Fig. 6a). Since mean
annual precipitation was positively related to mean annual temperature
(Extended Data Fig. 6b), the water erosion rate on croplands was also
positively correlated with mean annual temperature globally (Extended
DataFig. 6¢). This explains why, despite anegative correlation between
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e, Variation of the C sink strength per unit cropland area with temperature. Lines
arethe regression curves of corresponding SOC cycling metrics and texts denote
the regression equations. One-sided F-test was used in the regression analysis.

SOC stocks and temperature, the C erosion rate of croplands and the
erosion-induced C sink per unit cropland area were positively corre-
lated with temperature (Fig. 2e and Extended Data Fig. 6d). C erosion
rates show an exponential increase with temperature”, which explains
why the Q,, value for the C sink per unit cropland area (3.05) is much
higher than the Q,, value for the C sink per unit lateral SOC flux (1.03).

The relationships between various SOC cycling metrics and tem-
perature derived from the three independent lines of research were
consistent witheach other (Fig.1) but the strength of the relationships
varied due to differences in methods, scales and datasets. The SOC
stock variability caused by soil redistribution derived from model
simulationsis lower thanthat obtained from field data (Fig. 1b), whichis
probably related to the fact that the model did not take into account the
relationships between soil redistribution and SOC inputs to soils with
lower Cinputsinerodingareas due to the negative effect of erosion on
crop productivity**¢, An assessment based on'¥Cs and C stock inven-
tory data showed that the spatial variability of crop productivity due to
soil redistribution accounted for 35.5 + 25.1% of the spatial variability

of SOC stocks, confirming that the erosion-C input relationis indeed
important (Supplementary Methods Section12). In addition, Cburial
efficiencies were closely related to the SRR (Extended Data Fig. 5¢)
and tests showed that the difference in the SRRs among the datasets
used in different methods accounted for the main source of differ-
ences between model simulations at the hillslope and global scales
(Supplementary Figs.8and 9).

Erosion-C coupling under climate change

We applied a space-for-time approach to assess the potential varia-
tion of temperature effects on SOC cyclingin croplands due to future
climate change (Supplementary Methods Section 10). The SOC cycling
metrics (for example, SOC stock, NPP and erosion) under future cli-
mate projections generated by eight global climate models in four
scenarios (Supplementary Tables 2 and 3) were estimated using the
exponential relationships between these metrics and climatic factors
(temperature and precipitation). As predicted in previous studies®’, we
estimated aSOC stock decline of4.1+1.6%in croplandsin2100 (Fig.4).
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Increasing precipitation under future climate projections could result
inanincrease of 17.9 + 8.6% in water erosion on croplands, which is
lower than a previous estimate that suggested an increase of well over
30% (ref.*). The integrated effects of SOC stock and erosion variation
causethelateral SOC flux by water erosion on croplands to increase by
6.3 +7.2%. The Csink efficiency per unitlateral SOC flux would increase
by1.1+1.4%duetoglobal warmingand the total C sink by water erosion
on croplands was predicted to increase by 7.4 + 6.2%.

Numerical simulations of SOC cycling at the global scale under dif-
ferent soil moisture conditions demonstrated that the SOC decomposi-
tionrate peaked atan intermediate soil moisture of 0.29 m®> m>under
present climatic conditions. This rate was 50% higher than the SOC
decompositionrates under either dry (0.16 m* m=) orwet (0.40 m*m)
conditions (Supplementary Fig. 4 and Extended Data Fig. 7b). While
important to recognize, this soil moisture effect on SOC decomposi-
tion was significantly smaller than the effect of temperature, where the
SOC decomposition rate at 25 °C was ~2.5 times that at 0 °C (Fig. 2c).
Because of the positive correlation between the C sink per unit lateral

SOC fluxand SOC decomposition rates, the variation of the C sink per
unit lateral SOC flux with soil moisture was similar to the variation of
the SOC decomposition rate with soil moisture (Supplementary Fig. 5
and Extended DataFig. 7c). The C sink strength per unit cropland area
is largely controlled by the SOC erosion rate. Since lateral SOC fluxes
were higherinareas where soil moisture is higher as both the SOC flux
and soil moisture are positively related to mean annual precipitation
(Supplementary Fig. 3 and Extended Data Fig. 7a), the C sink strength
per unit cropland area also increased with increasing soil moisture
(Supplementary Fig. 6 and Extended Data Fig. 7d). Soil moisture effects
under projected future climates were similar to those for the present
climate (Extended Data Fig. 7), with the limited differences being due
todifferences between present and future lateral soil fluxes rather than
variations in soil moisture per se.

In summary, our analysis, based on multiple lines of evidence,
shows strong support for the proposition that temperature isanimpor-
tant control onthe magnitude of erosion-induced disturbances to the
SOC cycling in croplands. We found that the C replacement ratio of
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SOC thatis laterally lost by erosionincreases with temperature, while
the CBE of deposited SOC decreases with temperature. This results
inalarger landscape-scale spatial variation of SOC stocks due to ero-
sionin cold regions thaninwarmregions. Model simulations revealed
thatincreasing C decomposition rates with temperature are the main
factor controlling the spatial heterogeneity of SOC cyclingin eroding
landscapes, while increasing C inputs with temperature exert the same
impactsinbotheroding and depositional areas. Our results also show
that the erosion-induced C sink per unit lateral SOC flux increases
with temperature. The positive relation between sink strength and
temperature is further enhanced by the fact that C erosion rates are
also positively related to temperature. Together these mechanisms
cause a significant increase of the C sink per unit cropland area with
temperature. Previous studies had revealed that lateral SOC fluxes due
toerosion exertanimportantimpact on global C cycling'®**? and this
impactis mediated by the erosionintensity®. Our resultsimprove our
understanding of the complexity of geomorphology-biogeochem-
istry interactions by adding the effects of temperature. Variations

in temperature not only affect C erosion directly but also change the
insitu SOC cycling responses to the erosion-induced lateral SOC fluxes.
The variability of erosion—-C coupling with temperature presented in
our analysis implies that a more detailed assessment of the spatial
variability of erosion-induced SOC cycling disturbancesisrequired to
fully understand the feedback loop between SOC cycling and climate
changes (Fig. 4). In the context of exacerbated erosion by climatic
extremes and future global warming* !, soil redistribution would play
amoreimportantroleinglobal C cycling. Substantial C emission from
soils is expected in the future global warming®>** however, this net
emission would cease when SOC stocks reach anew equilibrium. Incon-
trast, the C uptake caused by erosion and subsequent burial functions
aslongaserosion occurs. Our results show that increasing temperature
alsoenhances the erosion-induced Csink that could potentially offset a
smallfraction of the Cemission from soils due to global warming. This
effect is analogous to the widely recognized negative feedback loop
between silicate weathering and climate change®***. Nevertheless, in
theimmediate future, effortstoreplace lost SOCin eroded landscapes
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through erosion control may yield net C-sequestration benefitsinthe
pursuit of global net-zero objectives.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butionsand competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41558-022-01562-8.
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Methods
Soil profile database analysis
Soil profiles with SOC and ™*’Cs inventories from 20 agricultural catch-
ments in Asia, Europe and North America were compiled from the
literature (Extended Data Fig. 1). In total, 1,562 profiles including sta-
ble and erosional soils at upland hillslopes as well as colluvial soils at
footslopes were examined. The SRRs at the decadal scale were derived
from™’Cs inventories using a conversion model that takes into account
factors such as plough layer depth and sampling year®. The effects of
soil redistribution on the SOC cycling were assessed via the following
set of metrics.

First, the C replacement ratio (CRR, %), which is the ratio of the
replaced C by the new C supplemented from photosynthesis to the
continuous Closs from the top soil layers by erosion, was calculated:

AVC,

€

CRR =

x 100% @

Where AVC, (kg C m™) is the cumulative erosion-induced C uptake
from the atmosphere for the eroding profiles and C, (kg C m™) is the
cumulative lost SOC by erosion.

Second, the CBE (%), which is the ratio between the preserved
organic C in buried sediments and the originally deposited SOC, was
calculated:

CBE = G x 100% ()
Go

where C, (kg C m?)is the preserved organic C in buried sediments and
C, (kg C m?)is the originally deposited SOC.

Third, to assess the sensitivity of SOC stocks to soil erosion rate
variations, a linear regression between normalized SOC stocks and
SRRs was performed for each agricultural catchment:

SOC,-1=axR (3)

Where SOC, is the normalized SOC stock being divided by the SOC
stock of reference positions not subjected to erosion or deposition, R
(cmyr™) is the SRR with negative values indicating erosion and posi-
tive valuesindicating deposition and a (yr cm™) isa coefficient. Steep
regression lines indicate high sensitivities of SOC stocks to soil redis-
tribution variations.

Fourth, to assess the sensitivity of CBE to deposition rate varia-
tions, alinear regression between CBE and *’Cs-derived soil deposition
rate was performed for each site:

CBE —100% = b x D 4)

Where CBE (%) is the CBE of the bulk deposited SOC, D (cm yr™) is the
depositionrate and b (yr cm™) is a coefficient.

A simple box model was used to estimate erosion-induced C
exchange for agricultural profiles****®, whichis based on the concept
thatthe SOC stock variation for asoil profile during a periodis the result
of cumulative soil-atmosphere C exchanges and the cumulative lateral
SOC fluxes by erosion. The effects of temperature on the erosion-C
coupling were assessed by confronting various metrics withthe mean
annual temperature of each catchment (Supplementary Methods).

Model simulations at the hillslope scale

Since temperature mediates both Cinputs and decomposition, we used
amodel that combines SOC cycling with soil redistribution processes
to disassemble the effects of Cinput and decomposition on erosion-C
coupling. The SOC cycling processes were represented using aone-pool
C model, which included SOC fluxes such as C input and decomposi-
tion. SOC decomposition was assumed to follow first-order kinetics.

Soil profilesin the model were represented as discrete layers and SOC
dynamics were simulatedin eachlayerindependently. Carboninputsto
soilsand SOC decomposition rates were set to decrease exponentially
with soil depth®”*®, The model tracks the C depth profile evolution
caused by the soil removal in eroding areas and the soil accumulation
in depositional areas. The SOC content of each layer was updated by
mixing the soils from different layers of the previous time step. Details
ofthe model are provided in the Supplementary Methods. The model
was runin aseries of scenarios with different Cinput and decomposi-
tion conditionsatan ‘ideal’ hillslope with astandard soil redistribution
pattern to test how these temperature-mediated factors affect SOC
cyclingin erodinglandscapes.

Model estimations at the global scale

The variability of erosion-induced C exchanges between atmosphere
and land under different climatic conditions at the global scale was
estimated using existing datasets. Global estimates of agricultural
erosion® were combined with the SOC stock to estimate the lateral
SOC flux by erosion. The model tracked the mobilization and burial of
SOCfromsources tosinks and thein situ SOC dynamics were simulated
using the above one-pool SOC cycling model under the condition of
soil redistribution. NPP was used as an approximate of SOC inputs.
Similarly, the sensitivity of SOC stock to soil redistribution variations,
C replacement ratio of laterally lost SOC by erosion in eroding areas,
CBE of deposited SOC in depositional areas and erosion-induced C
exchanges between land and atmosphere were assessed. Details of the
estimation are provided in the Supplementary Methods.

Model predictions under climate change projections

In this study, we used future climate projections generated by eight
global climate models (Supplementary Table 2) in four socioeconomic
andrepresentative concentration pathway scenarios (Supplementary
Table 3). Aspace-for-time approach was applied to assess the variation
of the effects of erosion on SOC cycling in eroding croplands. Using
the exponential relationship between C cycling metrics (for exam-
ple, SOC stock, NPP and erosion) and climatic factors (temperature
and precipitation), we calculated the C cycling metrics under future
climatic conditions based on the C cycling metrics of present day and
the variation of climatic factors. With the derived SOC stocks, NPP
and erosion rate above, the effects of erosion on the SOC cycling on
croplands in various climate scenarios were assessed as described in
Supplementary Methods.

Data availability

The SOCsstock of the top1 m generated by the Harmonized World Soil
Database is available at https://www.fao.org/soils-portal/data-hub/
soil-maps-and-databases/harmonized-world-soil-database-vi2/en/.
The SOC stock of the top 1 m generated by the Northern Circumpolar
Soil Carbon Database is available at https://bolin.su.se/data/ncscd/
tiff.php. The MODIS NPP dataset is available at http://files.ntsg.umt.
edu/data/NTSG_Products/MOD17/GeoTIFF/MOD17A3/. The land use
data generated by the History database of the Global Environment
(HYDE) is available at https://dataportaal.pbl.nl/downloads/HYDE/.
The mean annual temperature provided by the Climatic Research
Unit is available at https://www.uea.ac.uk/web/groups-and-centres/
climatic-research-unit/data. The mean annual precipitation provided
by the Global Precipitation Climatology Centre is available at https://
opendata.dwd.de/climate_environment/GPCC/html/fulldata-monthly_
v2018_doi_download.html. The MODIS potential evapotranspiration
(PET) dataare available at http://files.ntsg.umt.edu/data/NTSG_Prod-
ucts/MOD16/MOD16A3.105 MERRAGMAOQ/. The mean annual tempera-
ture and mean annual precipitation as well as the surface soil moisture
(0-10 cm) of historical simulations and future projections generated
by global climate models of coupled model intercomparison project
(CMIP6) are available at https://esgf-node.llnl.gov/projects/cmip6/.

Nature Climate Change


http://www.nature.com/natureclimatechange
https://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
https://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v12/en/
https://bolin.su.se/data/ncscd/tiff.php
https://bolin.su.se/data/ncscd/tiff.php
http://files.ntsg.umt.edu/data/NTSG_Products/MOD17/GeoTIFF/MOD17A3/
http://files.ntsg.umt.edu/data/NTSG_Products/MOD17/GeoTIFF/MOD17A3/
https://dataportaal.pbl.nl/downloads/HYDE/
https://www.uea.ac.uk/web/groups-and-centres/climatic-research-unit/data
https://www.uea.ac.uk/web/groups-and-centres/climatic-research-unit/data
https://opendata.dwd.de/climate_environment/GPCC/html/fulldata-monthly_v2018_doi_download.html
https://opendata.dwd.de/climate_environment/GPCC/html/fulldata-monthly_v2018_doi_download.html
https://opendata.dwd.de/climate_environment/GPCC/html/fulldata-monthly_v2018_doi_download.html
http://files.ntsg.umt.edu/data/NTSG_Products/MOD16/MOD16A3.105_MERRAGMAO/
http://files.ntsg.umt.edu/data/NTSG_Products/MOD16/MOD16A3.105_MERRAGMAO/
https://esgf-node.llnl.gov/projects/cmip6/

Article

https://doi.org/10.1038/s41558-022-01562-8

The basemap data used to create figures were downloaded at http://
naturalearthdata.com/downloads/. The’Csinventory and SOC stock
data are available from the corresponding author on request. Source
dataare provided with this paper.

Code availability
The codes of C-erosion coupling model programmed in MATLAB are
available at https://doi.org/10.5281/zenodo.7224539 (ref.*).
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Extended Data Fig. 1| Locations of the cropland sites in this study. The numbers in squares denote the identification of the catchment. Details of the study sites are
provided in Supplementary Table 1.
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Extended Data Fig. 2| Relationships between normalized SOC stocks to erosion or deposition. The regression lines are set to pass through the
and soil redistribution rates for the cropland sites. Negative values of reference value so that the sensitivity of normalized SOC stocks to the variation
soil redistribution rates indicate erosion, while the positive values indicate of soil distribution rates can be assessed by comparing the slopes of these linear
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the SOC stock of the reference sites (as denoted with red asterisks) not subjected catchment, which is shown in Supplementary Table 1.
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values of soil redistribution rates indicate erosion, while the positive values
indicate deposition. Inb, the SOC stock of each soil profile is normalized by
being divided by the SOC stock of the reference sites not subjected to erosion
or deposition. For a hillslope with a given soil redistribution pattern, variations
in normalized SOC stocks, C replacement and burial efficiency and the C sink
strength per unit of lateral SOC flux are independent of the Cinput rate.
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eroding area with soil redistribution rates and variation of burial efficiencies of subjected to erosion or deposition.
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Extended DataFig. 7| The effects of soil moisture on the relationships
between temperature and various SOC cycling metrics. a, The relationship
between soil moisture and the coefficient denoting the sensitivity of lateral SOC
fluxes caused by erosion to the variation of mean annual temperature. Details
of the regression between lateral SOC fluxes by erosion and temperature under
various soil moisture conditions are displayed in Supplementary Fig.3.b, The
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SOC decomposition rates to the variation of mean annual temperature. Details
of theregression between SOC decomposition rates and temperature under
various soil moisture conditions are displayed in Supplementary Fig. 4. ¢, The
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relationship between soil moisture and the coefficient denoting the sensitivity
ofthe Csink strength per unit lateral SOC flux to the variation of mean annual
temperature. Details of the regression between the C sink strength per unit
lateral SOC flux and temperature under various soil moisture conditions are
displayed in Supplementary Fig. 5.d, The relationship between soil moisture and
the coefficient denoting the sensitivity of the C sink strength per unit cropland
areato the variation of mean annual temperature. Details of the regression
between the C sink strength per unit cropland area and temperature under
various soil moisture conditions are displayed in Supplementary Fig. 6.
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