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Abstract

Soil organic matter (SOM) is the largest store famic carbon (C) in the biosphere,
but still the turnover of SOM is incompletely unsiod and not well described in
global C cycle models. Here we use the CommunitydUsiodel (CLM) and compare
the output for soil organic C stocks (SOC) to eates from a global data set. We also
modify the assumptions about SOC turnover in twgsvd) We assume distinct
temperature sensitivities of SOC pools with différeirnover time and 2) We assume
a priming effect, such that decomposition rate ative SOC increases in response to
a supply of fresh organic matter. The standard mpeelicted the global distribution
of SOC reasonably well in most areas, but it fatiegredict the very high stocks of
SOC at high latitudes. It also predicted too muedCSin areas with high plant
productivity, such as tropical rain forests and samd-latitude areas. Assuming that
the temperature sensitivity of SOC decompositiotheigendent on the turnover rate of
component pools reduced total SOC at equilibriuna loglatively small amount (<1%
globally). Including a priming effect reduced totgbbal SOC more (6.6% globally)
and tended to decrease SOC most in areas with pligit input (tropical and
temperate forests), which were also the areas wilitleee unmodified model
overpredicted SOC (by about 40%). The model was tlia with climate change
prediction until 2100 for the standard and modifieelsions. Future simulations

showed that differences between the standard amifigtbversions were maintained
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in a future with climate change (4-6 Pg and 23-4y d#ference in soil carbon
between standard simulation and the modified w&mperature sensitivity and
priming respectively). Although the relative chasgee small, they are likely to be
larger in a fully coupled simulation, and thus veatrfuture work.

1. Introduction

Soil organic matter (SOM) is the largest store ifamic carbon (C) in the biosphere
(Batjes, 1996). Even relatively small percentagenges in this store can lead to large
changes in atmospheric @@oncentrations. However, there is still large utaety
associated with the response of SOM dynamics tueations such as changes in
temperature, moisture and plant-derived inputs diss sthat are predicted under
environmental change (Billings et al., 2010; Heimand Reichstein, 2008; Conant et
al., 2011; Ostle et al., 2009; Zhu and Cheng, 20ihlarge part, this uncertainty is a
result of incomplete understanding of the comple&naical, physical and biological
processes (and interactions) that govern SOM deositign, and the influence of
environmental factors on these processes (Dungadt.e2012; Subke and Bahn,
2010; Paterson et al., 2009). This has limited ekgent to which the processes
mediating SOM decomposition have been representgaicgly in models,
potentially limiting their accuracy in predictingnpacts of environmental change

across ecosystems.

Terrestrial models predict fluxes of C and wated amore recently also nitrogen (N)
and fire in the earth system. Several terrestriafieis exist, such as Lund-Potsdam-
Jena (LPJ), the Joint UK Land Environment SimulddLES) and the Community
Land Model (CLM) (Sitch et al., 2003; Best et &005; Oleson et al, 2010). These
models can be integrated into Earth System Mode&Ms) to predict the biotic
feedback to climate change. ESM studies have demaded that climate—carbon-
cycle feedbacks over the next century may havege lempact on future CQevels
and climate (Cox et al., 2000; Friedlingstein ef 2001), although this is not true in
all simulations (Thornton, 2009). As well as beatpol in climate prediction, ESMs
also provide tools for integration of knowledge abtihe land surface. A comparison
of earth system models included in the Intergovermiad Panel on Climate Change
(IPCC) showed that one of the largest uncertaintiggredicting biotic feedback to
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climate change is how the soil will respond (Friegitein et al., 2006). The soil
response to global warming is a critical parameterdetermining future C®

concentrations and therefore the magnitude of fagdbto the rate of future climate
change (Jones et al.,, 2003) and represent a lamgertainty in future climate
prediction overall, including physical climate effe (Huntingford et al., 2009).

Improving the soil part of the model is thereforgririty for earth system modellers.

Soils receive inputs of organic matter from plawis living roots (rhizodeposition)
and senescent tissue (litter), whereas the domilwest is as C®from microbial
decomposition of these inputs and of native SOMd{Ran et al., 2008; 2009; Yuste
et al., 2007; Metcalfe et al.,, 2011). A large pmdjpom of plant-derived inputs is
rapidly mineralised to C® (supporting the activities of diverse microbial
communities) with the remainder contributing to #teck of SOM, and for soils in
equilibrium, balancing the decay of SOM pools. imdation models, SOM is
usually represented as 2-6 pools defined by thespective rates of turnover. In
almost all models the temperature sensitivity ofCS@rnover is assumed to be
constant for all pools, irrespective of their maleration rate, or other factors
controlling relative turnover rates (e.g. Jenkinsnal., 1987; Parton et al., 1987;
1988; 1994; Williams, 1990; Li et al., 2000). Ind&ttbn, SOC content is modelled to
increase as a direct function of increasing rateplant inputs, which makes the
implicit assumption that the decomposition ratesdividual pools do not affect each
other, i.e. that there is no priming (Kuzyakov, @D1However, in recent years,
evidence derived from mechanistic studies of seodcesses has challenged the
validity of these assumptions. Firstly, some stsidiave now reported that SOC pools
exhibit distinct temperature sensitivities, althbubis is still debated (Davidson and
Janssens, 2006; Fang et al., 2005; Knorr et a5;2Reichstein et al., 2005; Waldrop
and Firestone, 2004). Differential temperature gieity of SOC pools has been
interpreted as being consistent with kinetic theomhere reactions with high
activation energy (e.g decomposition of relativedgalcitrant SOC) have greater
temperature sensitivity (Conant et al.,, 2011). €fae, it has been suggested that
incorporation of pool-specific temperature sengitivinto models could be
approached through inclusion of an Arrhenius-foquagion to modify pool turnover
rates (Knorr et al., 2005). Secondly, increaseahgosition of native SOM pools in

response to fresh inputs from plants (priming eéffebas now been demonstrated in
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many laboratory and field-based experiments (eogtdine et al., 2003; 2007; 2011;
Zhu and Cheng, 2011; Kuzyakov 2010; Paterson et2@08, 2011; 2013). It is
increasingly recognised that such priming effects general phenomena intrinsic to
plant-soil interactions, but have only recently dr@e reliably quantifiable (Paterson
et al., 2009; Kuzyakov, 2010). Plant-mediated dgmasition of native SOM is an
important means of sustaining plant biomass praduoctthrough mobilisation of
limiting nutrients from organic forms and may bkey process mediating the balance
of ecosystem C-exchange (Paterson, 2003). Therefmdicularly under future
environmental conditions where plant growth mayeb&anced (e.g. in response to
increased atmospheric @@oncentration) and result in increased inputs lahtp
derived organic matter to soil, consideration ofmpgmg effects may be necessary for
prediction of soil C-dynamics.

Here we carry out a sensitivity study using the @amity Land Model (CLM) with
both a carbon and a nitrogen cycle (CN) (Olesaal.e2010; Thornton et al., 2007) to
assess the potential global effects of changingagsimptions about temperature
sensitivities of SOM pools and the effect of orgamnatter input on SOC
mineralization rate. We assess the effects on laagkcale and compare model output
to available observational data at the global s@ald conduct simulations using both

the standard and the modified versions with prediclimate change.

2. Materials and methods
2.1 Model

All model experiments were conducted with the w&rial model CLM version 4.0,
which simulates photosynthesis, C fluxes and s&rhagat and water transfer in soils,
and vegetation-radiation interactions (Oleson et 2010). The model has been
updated to include the N cycle in addition to thecy€le (Thornton et al., 2007;
Thornton, 2009). The model is described in detaithe CLM technical description
and appropriate papers (Oleson et al., 2010; Tooret al., 2007; Thornton, 2009).

The SOC sub-model in CLM is described in detail Thyornton and Rosenbloom
(2005), structured as a converging cascade. Thesinmag three litter pools and four
SOC pools with different turnover time, similarneost SOM models. The fraction of
plant litter allocated to each of the three lipeols depends on which plant functional
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type it is from. In addition, woody material is assed to fractionate before it enters
any litter pool, using a fractionation constant{g§ As the litter pools decompose, a
fraction of the C is released as £@nd a fraction is transformed into the
corresponding SOC pool. The SOC pools either miizeréo CQ or decompose to
enter another SOC except the last (and slowesinturover SOC pool) that only
mineralizes to C@ The response of the model to climate changeflmefand fully
coupled simulations has been explored (Thorntah. e2007; 2009), and comparisons
to detailed observations has been examined (Rasdetsal., 2009). A version of this
model was included in the Coupled Model Interconguar Project (CMIP5) analysis
prepared in part for thé"5SAssessment report of Intergovernmental Panel imagé
Change (IPCC) (Lindsay et al., 2013). The model &dlas been compared to other
fully coupled models (e.g. Arora et al., 2013; Joaeal., 2013).

2.2 Modifications

The model was modified in two ways to assess tHecefof other plausible
assumptions about soil processes than those dyrremt the model. These
modifications are described below.

2.2.1 Temperature sensitivity of pools

In the standard version of the model, decompostiides of all soil and litter organic
C pools are equally sensitive to temperature, ugi@jL0 formulae (Q10=1.5). Knorr
et al. (2005) suggested how decomposition ratgeols could be calculated based on

Arrhenius kinetics:

_Ea

k=Aerr (1)

Wherek is the decomposition rat&a is activation energyR is the universal gas

constant,T is temperature in Kelvin, andl is the theoretical decomposition rate at 0
K. This therefore provides a methodology for howctdculate pool decompaosition

rates based on theoretical considerations fronmtbdynamics. Here we wanted to
modify the temperature sensitivity, but keep thapghof the temperature response.
We wanted to modify decomposition of pools so thattemperature response of the
standard model is kept at 15°C which is close &dlobal average temperature. We

therefore wanted to produce a conversion factokglikcwherek;s isk at 15°C [5):
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X Ea(T-Tys)
cl = %5 = ¢ RITis (2)

To make temperature sensitivity increase with paainover time, the fast
decomposing pools should have unchanged or decreaseperature sensitivity,
whilst the opposite should be true for the slowBcamposing pools. Knorr et al.
(2005) also developed an empirical formula for hawativation energy can be
calculated from turnover time. We therefore furthedify the conversion factor so

that the modified activation energy depending ool parnover time is included:

(Ea—Eamod)*(T-T15)

c2 = clmodified/c1 = e R+T+T15 (3)

The resulting decomposition rate is a function ehperature for the modified and

standard response (Figure 1).
2.2.2 Priming effect

Plants add C to the soil, broadly in proportiontheir growth rate. In the standard
model, this means that everything else being edqiaontents of soils will increase
with increasing plant biomass production. Howevkere is evidence that input of
fresh C can increase the decomposition rate o€Ctkteat is already there, through the
priming effect (Kuzyakov, 2010). To account forrpimg of native SOM, we used
data from a laboratory incubation experiment (GaRausas and Paterson, 2011).
This experiment used’C-enriched glucose as a surrogate for plant-derinedts
allowing the mineralisation of native SOM to be ntiked by isotopic mass balance

(partitioning SOM-derived Cgefflux from that derived from the added glucose).

The model contains distinct SOM and litter poolsd at calculates a potential flux

from each pool which is then reduced if nitrogehmsting. We expressed priming as
a fractional increase in decomposition of all SAMt(not litter) pools as a function

of the ratio between potential litter flux and pdtal SOM flux. If we further assume

that the effect of increasing the amount of adddusisate levels off at just above the
highest sugar concentration in this experimentcam fit a function to describe it: A

continuous function that increases asymptoticalyatmaximum was fitted to the

data:

increase in SOC flux = a* (1 — e—b*litter/SOC) (4)
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wherea andb are constants, heee= 0.5 ando = 0.1291 (Figure 2). These parameters
were fitted directly from the experimental data.eThssumption is that higher
substrate addition rates than those used in thperexent would not increase the
effect further Further experiments have shown that the primingotffloes saturate at
high substrate addition rates, but sometimes as natuch higher than the maximum
used here (Paterson and Sim, 2013). Thereforeggiresentation of the magnitude of
priming effects can be considered conservative.s&hmoefficients are only for an
initial assessment of the global effects of inchgdipriming. If priming is to be
permanently included in the model, a more thoroaghbration using more data

collected under different conditions would be regdi
2.3 Simulation protocol

CLM simulations were conducted for long enough éach equilibrium for the
unmodified SOM model and for each of the modifiedsions. For these equilibrium
simulations we used present-day land cover (Hurtle 2006), atmospheric GO
concentration, and N and aerosol deposition. Tiheegtial biosphere was forced
from the atmosphere by prescribed temperature jt&ion, solar radiation, wind,
specific humidity and air pressure, and data fe #&malysis were taken from the re-
analysis by Qian et al. (2006). A 25-year peri@@d72-2004) from the re-analysis
was cycled throughout the CLM equilibrium simulaso The cycling was continued
until the total global drift in net ecosystem C bange was less than 0.05 PgCly
averaged over a 25-year atmospheric forcing cyidies “spin-up” procedure required
approximately 1000 model years for all cases. Thdehwas simulated at 1.9 degree

latitude by 2.5 degree longitude horizontal grid@pg and a time step of 30 minutes.

Additional simulations were carried out with the difeed and unmodified SOC

model versions to explore how the different mogeisdict future changes in SOC.
These simulations were initialized from the finaiate of the corresponding
equilibrium runs, but used transient atmospheric, @@d meteorological forcing.

Output from the ECHAM5/MPI-OM CMIP3 runs (Roeckrerr al., 2006) based on
the SRES A1B greenhouse gas projection (Nakicenevial., 2000) was used to
define future climate anomalies (for the period 22200, relative to the 1948-1972
mean) for the quantities used in the atmosphenarfg (listed above). The climate
anomalies are applied to a repeating, 25-year aykcktmospheric reanalysis (from
the years 1948-1972) to create the atmosphericnfpdatasets. With this method we
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retain observed diurnal, seasonal and interannirabie variability into the future
even as it is scaled to the predicted future ckntiends (Kloster et al., 2012; Ward et
al.,, 2012). Transient atmospheric £@oncentrations also follow the SRES AlB
scenario for the year 2000 through 2100. In thisnario, CQ concentrations
increase through the 21st century, exceeding 700pprthe year 2100. Global N
deposition distributions from the year 2000 (Lam@rget al. 2005) were used

throughout for all simulations.
2.4 Soil data

Soil data from ISRIC-WISE 05 degree (Batjes, 20@8je used to compare against
output from the simulations. As the model gener&®€ as a stock in each grid cell,
whilst the data set gives SOC as percentage inmaghunit within a grid cell, it was

necessary to convert the map data set into SOGsst8OC stock in each map unit in

each grid cell was calculated as follows:
Cs = d 10000 + (1= =) « b « Cp/100 (5)

WhereCs are SOC stocks (gfn d is thickness of soil layer (cmy),is gravel content
(%) b is bulk density (g/ct) andCp is SOC content (%). These data are all in the
ISRIC-WISE database. The calculation was done agggrfor the two soil layers
that the WISE data set has data for (0-0.3 m aBdl.On) The SOC content of both
layers were summed, and a weighted averag@esoiver the map units was calculated

based on fractional area covered by each map unit.

3. Results and discussion

The unmodified CLM predicted about 26% less SOQ thstimated from the WISE
data set (Table 1). It should be noted that tha dat only has SOC in the top 1 m, so
that real SOC storage and underprediction is evgineh The main reason for the
underprediction is that the model is unable to jotetthe very high SOC contents in
northern latitudes (Figure 3). This is to be expdcias the model does not include
effects of waterlogging, low pH and permafrost 0@CSdynamics. However, the
model also underpredicts slightly in many otheraareExceptions are tropical rain
forests in Amazonia and Africa and temperate feréstAsia and eastern United

States where the model overpredicts SOC (Figurd i@ suggests that the model
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underpredicts turnover, at least in high produttivareas. Plant productivity will
therefore appear as a stronger determinant of ®@aimodel than in reality (overall
r* between net primary productivity (NPP) and the nigle of the model
overprediction of SOC compared to the observed @a§). It is also important to
note that the standard model does not accountnfitwences of soil texture and
structure, which are strong determinants of steddilbn of SOC through constraining
the access of decomposers to SOM (von Lutzow g2@06; Dungait et al., 2012).

This could account for some of the unexplainedaklity in the distribution of SOC.

Inclusion of temperature and priming modificatiod&gd not dramatically alter
predictions of total global SOC, but did affect gheedicted distribution (Table 1;
Figure 4). The results do not include litter podist the difference in litter pools
between the various versions of the model was gibigi (data not shown) as is to be
expected as the modifications introduced act on $0dls but not (directly) on litter
pools. While the standard model has been calibatedproduce global SOC stocks,
the lack of explicit representation of soil pro@ssnay limit their capacity to capture
spatial variability in these stocks. That is, seftistandard model functions to
represent global means can reproduce global SO€ksstdout without further
modification may be poor in the prediction of geagrical variation. Such spatial
variability would be expected where soil and envim@ntal factors affect the relative
importance of SOC-accrual and SOC-loss processesing deviation from mean
responses on a global scale. In addition, analdgotes predicting geographic
variation in SOC, modelling impacts of environmérmtaange on global SOC stocks
may require more explicit representation of sobgasses, as factors such as,CO
fertilisation, nitrogen addition through depositiand/or fertilisation and temperature

rise may directly affect the balance of these paitesses.

The change in temperature sensitivity of SOC pdelsreased SOC slightly in most
areas (Table 1). In a few small areas, particulanlynountains the decrease was quite
pronounced (Figure 4), and these are also areagsewtie standard model
overpredicted, so that this modification improveakdiction of SOM distribution
somewhat. The attempt here was to make the tenuperaensitivity of slowly and
fast turning over pools different, without changioxgerall sensitivity. However, it is
inherently difficult to achieve this. Here it wasree by standardizing the response so
that it did not change at 15°C.
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The inclusion of a simple priming effect also reeldiglobal carbon stocks (Table 1,
Figure 4), however, this is to be expected asrtioslification was such that carbon
turnover could only decrease or remain unchangedoitantly the land areas where
the priming had the greatest effect on SOC wersehwith high NPP (tropical and
temperate forest). These were the same regionsewther standard model over-
predicted SOC relative to measured data to theegeaxtent. Inclusion of a priming
effect therefore improved predictions in these sy 20-25%), but predictions got
worse in other, lower productivity ecosystems (b9%) (Figure 5). This suggests
that inclusion of priming effects in ESMs may befuin refining model predictions,
particularly in resolving relationships between nplgproductivity, turnover and
equilibrium SOC stocks. Whilst underprediction awker productivity regions can be
explained by water-logging and perma-frost, ovedjimt@ns in high productivity
regions can only be resolved by better mechanpdictions turnover and how it
depends on productivity, and including a priminfeef is a plausible way of doing
that.

The conservative assumption used here was thah#éixeanum change in C turnover
from input of plant-derived C is 25%. However, altigh our results indicate where
priming effects may be expected to have the greatesact, the magnitude and
geographic variation in these effects may be greagechanges in SOC turnover of
up to 300% have been reported (Zhu and Cheng, 260ither work should focus on
parameterizing how various factors affect the gitlerof SOC turnover, and evaluate
if this further improves predictions of SOC. Foaexple, empirical data are emerging
indicating that priming responses can be quantiisdsoil-specific functions of C-
input rate (Paterson and Sim, 2013), are affecteddmposition of inputs (Ohm et
al., 2007), are modified by nutrient availabilifyoptaine et al., 2003; Garcia-Pausas
and Paterson, 2011), change with soil depth (Saletn&l., 2010; Fontaine et al.,
2007) and may vary in response to direct and intiedfects of environmental
conditions on the biological processes involvedk®ra et al., 2010; Thiessen et al.,
2013; Ghee et al., 2013). These effects are patgntomplex due to interactions
between environmental factors and the biologicatesses mediating element fluxes.
For example, plant-derived C enters soil from bahoveground litter and
rhizodeposition, supplying organic material of drfhg quality, affecting retention in

soil, microbial activity and processes mediatedrbgrobial communities (including
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priming). The magnitude and relative contributidrabove- and below-ground plant-
C is affected by a host of factors, including iatgions between plant type,
temperature and nutrient availability (Metcalfeabf 2011). Under conditions of high
nutrient availability, relative allocation of pla@tto roots and mycorrhizal symbionts
is reduced (Yuan and Chen, 2010; Grman and Robjr2@iB). However, whether
this results in an absolute reduction in C-transbesoil is dependent on whether the
reduction in relative belowground allocation outghes the impact of increased gross
plant productivity (Henry et al., 2005). These ratgions, across ecosystem types,
require further quantitative study to refine thepresentation of plant-mediated

priming effects in models.

The difference in pool size between the standaditlh@ modified runs was to a large
extent maintained into the future (Figure 6, Tab)e although the vegetation pool
with priming effect was reduced early in the futsimulation. It is not certain why
this happened, but it could because carbon stockthe soil were smaller at
equilibrium with this modification. That means tliaere was less nitrogen available
for mineralisation, and the effect of warming ngem mineralisation and availability
was therefore less. The difference in pool sizeslavpotentially have a large effect
in a fully coupled simulation, and could therefonean a different biotic feedback to
climate change than current models predict. Thdigtiens of changes to the C cycle
under global change appear to be relatively robowards the assumptions made
about SOC sensitivity to temperature, as differsnngyool sizes at equilibrium were
maintained (Figure 6, Table 2). This should beseasg as these assumptions remain

uncertain.

4. Conclusions

Comparison of CLM model simulations to observatisnggest an overprediction of
soil carbon in the high productivity regions of miéditudes and the tropics, with too
little soil carbon in other regions, especially thigh latitudes, as noted elsewhere
(e.g. Thornton et al., 2009; Randerson et al., 200%is differential in the soil C bias
in the model can be due to multiple causes, andxpéore two of these effects in this

paper, temperature dependence and soil primingdi@/eot explore some potentially
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important effects specific to high latitudes sushaaepresentation of the inhibition of

biological processes in soils subject to permafaost waterlogging.

The overprediction of carbon in the high produtyhareas indicated that the model
underpredicts C turnover when plant input is higid one way of improving that is
to include a priming effect, which does improve firedictions of SOC distribution
by 20-25%. Further work should focus on better gjfiaation of priming, and how it
depends on external factors, and may also imprawve ability to predict biotic
feedback to climate change. In this paper we algoesd the impact of different
temperature sensitivity of carbon pools, but thischanism had less effect in most

areas.

As soil carbon feedbacks in earth system modelsnis of the most important
uncertainties in future climate predictions (Hugtord et al., 2009), further work
should focus on better quantification of the prighieffect and how it depends on

other factors and how this can improve predicti@hSOC distribution even further.
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Table 1: Total SOC storage estimated from the ISRISE data set in top 1 m in
comparison to those calculated with CLM at equilibr (unmodified) and with each

of the modifications described in the text.

Data (from Unmodified Modified Modified

ISRIC- CLM temperature with
WISE) sensitivity  priming
of pools effect
Total soll 967.9 712.7 707.1 666.0
organic
carbon (Pg)
Proportion 100 74 73 69
(% of
ISRIC-

WISE data)




Table 2: Predicted total carbon in pools at the end of the future simulation

(year 2100) and percentage increase in each carbon pool over the simulation

period.
Unmodified Modified Modified
CLM temperature with
sensitivity  priming
of pools effect
Ecosystem 1862.3 1853.7 1803.6
carbon (Pg) 7.4% 7.5% 6.7%
Vegetation 1058.9 1055.5 1030.9
carbon (Pg) 16.9% 17.0% 13.4%
Soil organic 684.6 680.2 657.5
carbon (Pg) -3.9% -3.8% -1.3%
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Figure 1: Decomposition rat&)(as a function of temperature in the standardimers
and after decomposition rate was changed. The elsangke slowly turning over
pools more sensitive to temperature than fastrigrover pools (Knorr et al. 2005).
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Figure 2: Parameterization of the priming effediepriming effect was implemented
as a fractional increase in the mineralisationllb$®C pools. The fractional increase
in SOC mineralisation was set to be in proportiorhe relative contribution of total

plant-derived C to the total soil respiration irtledme step.
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Figure 3: Soil carbon from the ISRIC-WISE data @tand the difference between
this and simulated SOC with the standard (unmad)if@LM at equilibrium (b). Data
from the ISRIC-WISE data set were recalculated siarcks in the top 1 m and a
weighted average over map units was produced. IAd&dcription of the calculation

method is given in the text.
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Figure 4: Difference in SOC at equilibrium betwettre standard model and the
model with modified differential temperature sendy of pools (a), with added
priming effect (c), and the change in error in S@@dictions with respect to the
observations due to the modified temperature geigit(b) and due to adding
priming (d). Positive values in (b) and (d) indeedhe modification to the model

improved prediction of SOC compared to the obsemat
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Figure 5: Deviation from ISRIC-WISE data for thearsiard model and the two

modifications grouped on eco-regions.
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Figure 6: Predicted total global organic carbothia entire ecosystem (a), soil (c) and
vegetation (e) starting from equilibrium year 20@@der predicted climate change
with the standard CLM and with the two modified siens of the model. The spatial
maps show the changes between the average ofsh23ayears of the equilibrium

run and the average of the last 25 years of thedutun (i.e. the period 2075-2099)
for total ecosystem C (b), soil C (d), and vegetatC (f) using the standard model.



