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1 Pre-treatment of techno-economic data for the coupling 

1.1 Details on the biomass commodities outputs from the techno-economic model 

The following considered dedicated annual and perennial energy crops, including residues, associated with 

the techno-economic outputs of biomass commodity supply the transport sub-sector, are listed in Table 1. 

Table 1. Specifications of analysed energy crops in TIMES-MIRET  

Country Energy crop Feature Crop type Biomass 
commodity  

Commodity  
type 

TIMES-MIRET 
Code 

France Wheat  Annual Grain  Starch D BIOSTAWHE 
   Grain Straw R BIORESWHE 
France Rapeseed  Annual Oil crops Oil D BIOOILRAP 
    Straw R BIORESRAP 
France Maize  Annual Grain Starch D BIOSTACOR 
    Straw R BIORESCOR 
France Sunflower  Annual Oil crops Oil D BIOOILSUN 
France Triticale Annual Grain Starch D BIOSTATRI 
    Straw R BIORESTRI 
France Sugar beet Annual Vegetable Sugar D BIOSUGFS 
France Miscanthus Perennial LGC grass LGC  D BIOLGCMIS 
France Other LGC 

(Switch grass)  
Perennial LGC grass LGG D BIOLGCOTH 

Brazil Soybean Annual Protein crops  Oil D BIOOILSOY 

D = Dedicated; R = Residue; LGC = Lignocellulose 

1.2 Data on chemical composition of energy crops  
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Table 2. Nutritional values and equivalent residual fraction 

Energy crops Fresh matter Starch Sugar Oil   
 t·t

-1
 t·ha

-1
 t·ha

-1
 t·ha

-1
  

Maize 0.8630 0.6380 0.0170 0.0360 a 
Rapeseed 0.9240 0.0360 0.0550 0.4400 a 
Wheat 0.8780 0.5630 0.0280 0.0180 a 
Triticale 0.8680 0.5880 0.0300 0.0120 a 
Sunflower 0.9280 0.0120 0.0250 0.4460 a 
Sugar beet N/A N/A 0.1750 N/A b 
Soybean 0.8950 0.0520 0.0750 0.1840 a 

Sources: a (INRA-CIRAD-AFZ, 2017),  b (Zabed et al., 2017)  

1.3 Computation of land occupation requirements  

Calculation of land occupation of biomass commodities outputs from the techno-economic model supply 

associated with dedicated annual crops and perennial grasses as well as residual straw is carried out by 

means of Eq. 1 to Eq. 2. The computation is based on yield proportions (crop products or residual) as well 

as corresponding chemical contents (starch, sugar or oil), retained from Table 2.  

𝐴𝑛𝑛𝑢𝑎𝑙 𝑐𝑟𝑜𝑝𝑠 [ℎ𝑎] =
𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑐𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑦 [𝑡]

𝐶𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑦 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 [%] × 𝐶𝑟𝑜𝑝 𝑦𝑖𝑒𝑙𝑑 [𝑡 · ℎ𝑎−1]
 

Eq. 1 

𝑃𝑒𝑟𝑒𝑛𝑛𝑖𝑎𝑙 𝑔𝑟𝑎𝑠𝑠𝑒𝑠 [ℎ𝑎] =
𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑐𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑦 [𝑡]

𝐶𝑟𝑜𝑝 𝑦𝑖𝑒𝑙𝑑 [𝑡 · ℎ𝑎−1]
 

Eq. 2 

𝑅𝑒𝑠𝑖𝑑𝑢𝑒𝑠 [ℎ𝑎] =
𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑐𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑦 [𝑡]

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 [%]𝑥 𝑅𝑒𝑠𝑖𝑑𝑢𝑒 𝑦𝑖𝑒𝑙𝑑 [𝑡 · ℎ𝑎−1]
 

Eq. 3 

1.4 Computation of final energy supply  

1.1.1 Biofuel supply and greenhouse gas emissions  

Conversion factors concerning low heating values (LHV) and biofuel yields per biomass commodity and 

biofuel pathways, as well as GHG emission factors are estimated from the Well-To-Wheel (WTW) method 

for transport fuels by the scientific reference of the European Commission Joint Research Centre (EC-JRC)  

(Edwards et al., 2014) and adjusted to wet matter. The latter provides a relevant widely used assessment, 

although it does not involve emission from building facilities, vehicle productions nor end-of-life paths 

(https://ec.europa.eu/jrc/en/jec/activities/wtw). 

Finally, we re-expressed all CO2-equivalent values into CO2, CH4 and N2O elementary flows based on the 

proportional values provided in the EC-JRC report appendices (Edwards et al., 2014) and IPCC Global 

Warming Potentials (GWP) factors (Myhre et al., 2013). The fossil-sourced GHG inventories per biomass-to-

biofuel pathway form part of the complete dynamic carbon balance (fossil + biogenic), were assessed with 

the dynamic LCA method by Levasseur et al. (2010).   

Low heating value (LHV) estimates, in MJ·kg-1, for bioethanol is 27 and for biodiesel 37 (Edwards et al., 

2014). Yield efficiencies vary for bioethanol between 0.31 and 0.62 kgEthanol·kgGrain
-1, and less for biodiesel 

between 0.99 and 1 MJBiodiesel·MJOil
-1, as shown in Table 3.  
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Table 3. Ethanol and Biodiesel yields 

 Ehtanol Yield  Biodiesel Yield 
 [kgEtOH·kgGrain DM

-1
]  [MJBioDSL·MJOil

-1
] 

Maize 0.62 Rapeseed 1.019 
Wheat 0.31 Soybean 0.999 
Sugar beet 0.33 Sunflower 0.999 
Dedicated 0.43 HPOFS* 1.006 
Straw 0.43   

*Hydro-treated pyrolysis oil from straw 

1.5 Computation of greenhouse gas emissions  

The following estimates are based on the carbon neutral approach. GHG emissions of bioethanol vary 

considerably among the different commodities, whereas the emission factor for dedicated (22.8 g CO2-eq) 

and residual (9.2 g CO2-eq) lignocellulose are lower than from sugar beet (40.3 g CO2-eq), wheat (69.4 g 

CO2-eq) or maize (80.3 g CO2-eq). Biodiesel GHG emissions from oleaginous crops range between 46 to 55 g 

CO2-eq. The emission factor 11.5 g CO2-eq by (O’Connell et al., 2019) was considered for hydro treated 

pyrolysis of oil from residual straw given pathway in the LTECV scenario. IPCC GWP factors are used: 1 g of 

CO2-eq per 1 g CO2, 28 g of CO2-eq per 1 g CH4 and 265 g of CO2-eq per 1 g N2O (Myhre et al., 2013). 

Table 4. Well-to-wheels GHG emission factors in gCO2eq·MJ
-1

, including carbon dioxide (CO2), methane (CH4) and 
nitrous oxides (N2O) proportions

 
 

 Code gCO2eq·MJ
-1

 CO2 CH4 N2O 

EU sugar beet to ethanol SBET1a 40.3 83% 5% 12% 
EU wheat to ethanol WTET1a 69.4 70% 4% 25% 
Corn (maize) (average used in EU) to ethanol CRET2a 80.31 71% 5% 24% 
EU farmed (WF) or waste (WW) wood to ethanol WFET1 22.8 85% 3% 12% 
EU wheat straw to ethanol STET1 9.19 94% 3% 3% 
Rapeseed to biodiesel (Rapeseed Methyl Ester) ROFA1 53.88 50% 3% 47% 
Sunflower to biodiesel (Sunflower seed Methyl Ester) SOFA3 45.9 51% 3% 46% 
Soybeans to biodiesel (Soy Methyl ester) SYFA3a 55.13 50% 3% 47% 

Source: (Edwards et al., 2014)      

2 Soil organic carbon modelling 

2.1 Structure of the model 

The structure of the two-compartment model adopted from Hénin and Dupuis (1945) is illustrated in Fig. 1. 

 
Fig. 1. Carbon pools and transfer equations for dynamic soil organic carbon modelling (adapted from Hénin and 
Dupuis (1945) and Saffih-Hdadi and Mary (2008))  
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2.2 Review mineralisation coefficient 

The mineralisation coefficient k represents the annual decay of soil organic carbon, that is to say the rate of 

humus destroyed every year. In France the mean ratio is often estimated at 2% (Frisque, 2007; Le Villio et 

al., 2001; UNIFA, 1998). A review of several studies indicated a range for France between 0.7% and 9%, with 

mean values at 4% (Table 5).  

Table 5. Reference values for mineralisation coefficient 

Country Type of soil Climate Mineralisation 
k coefficient 

 

      [y
-1

]   

Sweden Clay loam Climate Ultuna 0.019 
a 

Denmark Sandy loam Climate Askov 0.044 
a 

France Calcareous clay Climate Issoudun 0.033 
a 

France Sandy clay loam Climate Grignon 0.038 
a 

France Clay loam Climate Boigneville  0.050 
a 

France Sandy loam Climate Serreslous 0.094 
a 

France Sandy loam Climate Doazit 0.090 
a 

Thailand Sand Climate Khon Kaend  0.348 
a 

Denmark Sandy loam Climate Askov  0.043 
a 

France Neutral sandy N/A 0.020 
b 

France acidic sand N/A 0.010 
b 

France sandy limestone N/A 0.017 
b 

France N/A Climate Picardie 0.092 
c 

France medium silt N/A 0.016 
b 

France N/A Climate Picardie 0.074 
c 

France clay silt N/A 0.013 
b 

France limestone silt N/A 0.009 
b 

France N/A Climate Picardie 0.059 
c 

France clay N/A 0.010 
b 

France N/A Climate Picardie 0.041 
c 

France N/A mean annual 
temperature 

0.070 
d 

France Clay-limestone N/A 0.007 
b 

France N/A Climate Picardie 0.048 
c 

France limestone Climate Picardie 0.037 
c 

France Pergamino soil 
series 

N/A 0.070 
e 

France  Temperate general 0.020 
bf 

France  Mediterranean 
general 

0.030 
bf 

Argentina N/A N/A 0.060 
g 

Brazil N/A N/A 0.100 
g 

Sources : 
a.

 (Saffih-Hdadi and Mary, 2008), 
b.

 (Le Villio et al., 2001), 
c.
 (Duparque et al., 

2007a) 
d.

 (Moreno et al., 2016), 
e.

 (Irizar et al., 2015), 
f.
 (Henin and Dupuis, 1945) 

g.
 

(Piccolo et al., 2008). 

 

To compute the k coefficient we used Eq. 4 of the AMGv2 model (Clivot et al., 2019), dependent on soil 

temperature (T), clay content (A) and calcium carbonate (CaCO3): 

𝐾 =  𝐾0 𝑓1(𝑇)𝑓2 (𝐴)𝑓3𝐶𝑎𝐶𝑂3) 
Eq. 4 

with K0 = 0.290 [yr-1]. 
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K0  [yr-1] is the potential mineralisation rate in the reference condition, ranging between 0.165 and 0.290 

[yr-1]. . The formulation for temperature in Eq. 5 allows accounting for a quasi-exponential effect of mean 

temperature in France (up to 25℃). 

𝑓1(𝑇) =  
𝑎𝑇

1+(𝑎𝑇−1)exp (𝑐𝑇 × 𝑇𝑅𝑒𝑓) exp(𝐶𝑇 × 𝑇))
  𝑖𝑓 𝑇 ≥ 0, 

Eq. 5 

𝑓1(𝑇) = 0   𝑖𝑓 𝑇 < 0. 
 

with aT = 25, cT = 0.120K-1 and TRef = 15°C 

The effect of clay (A) content [g·g-1 soil] on mineralisation is described by an exponential law, according to 

Eq. 6, with constant a [g·g-1 soil] assumed to be 2.519 (Clivot et al., 2019). 

𝑓2(𝐴) = exp(−𝑎𝑚𝐴) 
Eq. 6 

The effect of calcium carbonate [CaCO3] is computed with Eq. 7. 

𝑓3(𝐶𝑎𝐶𝑂3) =  
1

1 + 𝑐𝑚𝐶𝑎𝐶𝑂3

 
Eq. 7 

with cm=1.67 and 1.50 [g·g−1 soil] 

2.2.1 Soil texture, soil type and climate typology of France 

Data for clay contents in France according to main soil texture and types are listed in Table 6.  

Table 6. Clay content according to main soil texture and types in France 

Soil texture Soil type Clay (%) Sand (%) Silt (%) 
  min min min max min max 

Clayey Clay 30 55 55 70 55 80 
Silty clay 30 55 55 70 80 100 
Heavy clay 45 0 0 55 0 100 
Sandy clay 25 55 55 75 0 55 

Silty Clayey silt 18 70 70 82 85 100 
Medium silt 8 82 82 92 85 100 
Light silt 0 92 92 100 85 100 

Balanced Light sandy silt 0 92 92 100 45 85 
Clayey-sandy silt 18 70 70 82 65 85 
Medium sandy silt 8 82 82 92 65 85 
Sandy silt 8 82 82 92 45 65 
Sandy-clayey silt 18 70 70 82 45 65 

Sandy Sand 0 90 90 100 0 20 
Clayey sand 10 75 75 90 0 45 
Silty sand 0 88 88 100 20 45 

Source: (Gis Sol, 2011) 
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a) b) 

 
 

Fig. 2. a) Climate typology of the French territory in 8 classes (adapted from Joly et al. (2010)), and b) 
Calcium carbonate content [%] concerning calcium carbonate [CaCO3] of agricultural soils in France, 
(adapted from  Gis Sol (2011)) 

2.2.2 Calculated values for national crops 

Mineralisation coefficient k is based on mean clay content and climatic typology computed with Eq. 4 to Eq. 

6. Results from the computation are given in Table 7 for all climatic types of France. Assumption for the 

coupling: Consideration of the mineralisation constant for type 3 due to the largest area of cereals and oily 

seeds production in France.  

Table 7. Climate typology in France with mean temperature, clay and calcium carbonate contents to calculate the soil 
mineralisation coefficient 

Type Name Temperature  
[°C] 

Clay 
[%] 

Calcium 
carbonate [%] 

Mineralisation 
coefficient (k) [y

-1
] 

Type 1 Mountain climate 9 18.5  5 0.0841 
Type 2 Semi-continental climate and 

mountain margin climate 
10 25.2  5 0.0799 

Type 3 Degraded oceanic climate of the 
Central and Northern Plains 

11 16.8  1 0.1176 

Type 4 Altered oceanic climate 12.5 22.0 5 0.1160 
Type 5 Oceanic climate  12.5 14.9 1 0.1470 
Type 6 Altered Mediterranean climate 12.5 15.6  35 0.0961 
Type 7 Climate of the South-western Basin 13 42.6  5 0.0731 
Type 8 Mediterranean climate  13 15.6  35 0.1018 

2.2.3 Calculated values for imported soybean 

The k coefficient of imported soybean is also based Eq. 4 to Eq. 6, with reference soil temperature at 27°C, 

representing about 2°C higher temperature of surface soils in soybean cropland (Nagy et al., 2018). 

Table 8. Mean temperature and clay content to calculate the mineralisation coefficient 

Country Crop Temperature  [°C] Clay 
[%] 

Calcium 
carbonate [%] 

Mineralisation 
coefficient (k) [y

-1
] 

Brazil Soybean 25 43  4 0.07332 

Sources: (Ensinas et al., 2016; Nagy et al., 2018) 
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3 Calculation of plant carbon allocation and soil organic carbon inputs 

3.1.1 Relative plant C allocation coefficients  

𝑅𝑃 + 𝑅𝑆 + 𝑅𝑅 + 𝑅𝐸 = 1 
Eq. 8 

Table 9. Relative plant carbon (C) allocation coefficients 

Crop Yield 
a
 Relative plant C allocation coefficients 

b
 

 t ha
-1

 RP RS RR RE 

Wheat  6.410 0.298 0.426 0.166 0.110 
Rapeseed  11.980 0.107 0.576 0.191 0.126 
Maize  22.788 0.325 0.352 0.194 0.129 
Sunflower  3.655 0.360 0.540 0.100 0.000 
Triticale 3.479 0.260 0.506 0.142 0.092 
Sugar beet 95.240 0.872 0.048 0.048 0.032 
Soybean 2.720 0.304 0.455 0.146 0.095 
Miscanthus 15.714 0.268 0.303 0.322 0.107 
Switchgrass (proxy 
grass species) 

5.190 0.441 0.000 0.308 0.200 

Sources: a  (Besnard et al. 2014; Strullu et al. 2014; Cattelan and Dall’Agnol 2018; AGRESTE 2019), b  (Bolinder et al. 
2007b; Strullu 2011; Strullu et al. 2014; Wiesmeier et al. 2014 (from 1995 to 2010); Agostini et al. 2015; Carvalho et 
al. 2017), for miscanthus aboveground inputs between 40% and 67% (Carvalho et al., 2017; Strullu, 2011; Strullu et 
al., 2014) and perennial belowground proportions of rhizomes 75% and roots 25% (Agostini et al., 2015).  
Descriptions of sub-indices: P - agricultural aboveground product, S - residual aboveground compartment, R - 
root/rhizome tissue, E - extra-root material 

3.1.2 Net primary productivity  

The C proportion in four plant fractions is defined by Eq. 9 (M. A. Bolinder et al., 2007):  

𝑁𝑃𝑃 = 𝐶𝑃 + 𝐶𝑆 + 𝐶𝑅 + 𝐶𝐸  Eq. 9 

For this study, the carbon content of the product (𝐶𝑃)  was calculated from mean annual yield values of the 

product (𝑌𝑝) and the respective carbon content (𝐶𝑦) given in Eq. 10. The proportions of the other crop 

plant fractions are estimated by means of the relative plant C allocation coefficients Table 9 respectively 

applying Eq. 11 to Eq. 13 (Wiesmeier et al., 2014). 

𝐶𝑃 = 𝑌𝑝 × 𝐶𝑦 

 

Eq. 10 

𝐶𝑆 = (
𝑅𝑆

𝑅𝑃
⁄ ) × 𝐶𝑃 

 

Eq. 11 

𝐶𝑅 = (
𝑅𝑅

𝑅𝑃
⁄ ) × 𝐶𝑃 

 

Eq. 12 

𝐶𝐸 = (
𝑅𝐸

𝑅𝑃
⁄ ) × 𝐶𝑃 Eq. 13 

 

  



8 

 

3.1.3 Details on exogenous inputs  

Organic soil amendment/fertiliser input is estimated based on the following data and assumptions. 

Table 10. N content of main organic fertilisers used in France 

Organic amendments use in France 
(contribution) 

 Average 
N 
content 

 

 %  kg·t
-1

  

Cattle manure and slurry 59% a 4.40  b 
Poultry manure and droppings 11% a 17.4  b 
Swine manure and slurry 10% a 5.40 b 
Others (compost as proxy) 20% a 11.6  b 

Sources: a (AGRESTE, 2014), b (Avadí, 2019) 

Table 11. National French averages of N inputs to crops (representing the organic fertiliser inputs to the average ha of 
crop) 

 N 
requirement

s of crops 
from 

exclusively 
mineral 
sources 

N 
require
ments 

of crops 
from 

mineral 
sources 

N 
requireme

nts of 
crops 
from 

organic 
sources 

Cattle 
manure 

and slurry 
delivered 

Poultry 
manure 

and 
droppings 
delivered 

Swine 
manure 

and slurry 
delivered 

Compost 
delivered 

Percentag
e of crops 

applying 
organic 

fertilisers 

 kg·ha
-1

 kg·ha
-1

 t·ha
-1

 t·ha
-1

 t·ha
-1

 t·ha
-1

 t·ha
-1

 % 

Wheat 169 140 81  0.82   0.04   0.11   0.10  8% 
Triticale 107 87 122  5.26   0.25   0.72   0.67  32% 
Maize 133 92.5 144  11.07   0.52   1.51   1.41  57% 
Rapeseed 169 153 87  3.99   0.19   0.55   0.51  34% 
Sugar beet 123 95 126  9.52   0.45   1.30   1.21  56% 
Sunflower 56 45 124  2.84   0.13   0.39   0.36  17% 
Miscanthus  52 21 31  1.51   0.07   0.21   0.19  36% 
Switch grass  65 38 27  0.98   0.05   0.13   0.13  27% 

Sources a a a b b b b a 

Sources: a (AGRESTE, 2014), b Computed from average N contents, % of crops applying organic fertilisation, and 
contribution of organic fertilisers to national use Table 11 

 

The input of organic fertiliser (i) per energy crop (j) is computed by means of Eq. 14: 

𝐼𝑛𝑝𝑢𝑡 𝐹𝑒𝑟𝑡𝑖𝑙𝑖𝑠𝑒𝑟𝑜𝑟𝑔𝑎𝑛𝑖𝑐𝑖𝑗
=  𝐹𝑒𝑟𝑡𝑖𝑙𝑖𝑠𝑒𝑟𝑜𝑟𝑔𝑎𝑛𝑖𝑐𝑖𝑗

 × 𝑐𝑟𝑜𝑝𝑖 𝑎𝑝𝑝𝑙𝑦𝑖𝑛𝑔 𝐹𝑒𝑟𝑡𝑖𝑙𝑖𝑠𝑒𝑟𝑜𝑟𝑔𝑎𝑛𝑖𝑐𝑗
(%) 

Eq. 14 

 

𝐹𝑒𝑟𝑡𝑖𝑙𝑖𝑠𝑒𝑟𝑜𝑟𝑔𝑎𝑛𝑖𝑐𝑖𝑗
=  

𝑁𝑜𝑟𝑔𝑎𝑛𝑖𝑐𝑗
× 𝐹𝑒𝑟𝑡𝑖𝑙𝑖𝑠𝑒𝑟𝑜𝑟𝑔𝑎𝑛𝑖𝑐𝑗

 𝑢𝑠𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑜𝑓 𝑜𝑟𝑖𝑔𝑖𝑛 (%)

𝑀𝑒𝑎𝑛 𝑁𝑖  𝑐𝑜𝑛𝑡𝑒𝑛𝑡
 

 

3.1.4 Correction factor for carbon inputs to the soil   

The carbon inputs (𝐶𝑖) per plant fraction may be adjusted by means of correction factors (S), according to 

Eq. 15 (Wiesmeier et al., 2012) as not all the crop plant fractions return to the soil.   

𝐶𝑖 = (𝐶𝑃 ×  𝑆𝑃) + (𝐶𝑆 × 𝑆𝑆) + (𝐶𝑅 ×  𝑆𝑅) + (𝐶𝐸 ×  𝑆𝐸) 
Eq. 15 
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4 Computed time-dynamic soil organic carbon flows per management scenario 

4.1 Scenario 1: Aboveground, Belowground and Exogenous inputs 

 

Fig. 3. Scenario 1 annual soil organic carbon elementary flows of annual crops and perennial grasses 

Table 12. Scenario 1 SOC flows  [t C·ha
-1

 ·yr
-1

] 

 Annual Crops Perennial grasses 
 Total 

Annual 
Wheat  Rapeseed Maize Sunflower Triticale Sugar beet Soybean  Miscanthus Switch 

grass 

-20 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.588E-1 0.000E+0 
-19 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -3.177E-1 0.000E+0 
-18 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -4.765E-1 0.000E+0 
-17 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -6.353E-1 0.000E+0 
-16 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -7.942E-1 0.000E+0 
-15 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -9.530E-1 -1.465E-1 
-14 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.112E+0 -2.930E-1 
-13 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.271E+0 -4.396E-1 
-12 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.429E+0 -5.861E-1 
-11 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.588E+0 -7.326E-1 
-10 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.747E+0 -8.791E-1 
-9 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.906E+0 -1.026E+0 
-8 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.065E+0 -1.172E+0 
-7 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.224E+0 -1.319E+0 
-6 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.382E+0 -1.465E+0 
-5 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.541E+0 -1.612E+0 
-4 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.700E+0 -1.758E+0 
-3 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.859E+0 -1.905E+0 
-2 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -3.018E+0 -2.051E+0 
-1 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -3.177E+0 -2.198E+0 
0 -9.214E-1 -1.003E+0 -2.819E+0 -2.011E+0 -3.856E-1 -8.716E-1 -2.227E+0 -2.956E+0 -8.561E+0 -1.970E+0 
1 1.084E-1 1.180E-1 3.315E-1 2.365E-1 4.535E-2 1.025E-1 2.619E-1 2.167E-1 -1.460E+0 -1.397E+0 
2 9.562E-2 1.041E-1 2.925E-1 2.087E-1 4.002E-2 9.045E-2 2.311E-1 2.008E-1 -1.092E+0 -1.052E+0 
3 8.437E-2 9.184E-2 2.581E-1 1.842E-1 3.531E-2 7.982E-2 2.039E-1 1.861E-1 -7.487E-1 -7.300E-1 
4 7.445E-2 8.104E-2 2.278E-1 1.625E-1 3.116E-2 7.043E-2 1.800E-1 1.725E-1 -4.271E-1 -4.287E-1 
5 6.569E-2 7.151E-2 2.010E-1 1.434E-1 2.749E-2 6.215E-2 1.588E-1 1.598E-1 -1.246E-1 -1.456E-1 
6 5.797E-2 6.310E-2 1.773E-1 1.265E-1 2.426E-2 5.484E-2 1.401E-1 1.481E-1 1.610E-1 1.214E-1 
7 5.115E-2 5.568E-2 1.565E-1 1.117E-1 2.141E-2 4.839E-2 1.236E-1 1.372E-1 4.316E-1 3.743E-1 
8 4.513E-2 4.913E-2 1.381E-1 9.852E-2 1.889E-2 4.270E-2 1.091E-1 1.272E-1 6.891E-1 6.146E-1 
9 3.983E-2 4.335E-2 1.218E-1 8.694E-2 1.667E-2 3.768E-2 9.626E-2 1.178E-1 9.350E-1 8.439E-1 
10 3.514E-2 3.825E-2 1.075E-1 7.671E-2 1.471E-2 3.324E-2 8.494E-2 1.092E-1 1.171E+0 1.064E+0 
11 3.101E-2 3.375E-2 9.486E-2 6.769E-2 1.298E-2 2.933E-2 7.495E-2 1.012E-1 1.397E+0 1.275E+0 
12 2.736E-2 2.978E-2 8.371E-2 5.973E-2 1.145E-2 2.588E-2 6.614E-2 9.378E-2 1.616E+0 1.478E+0 
13 2.414E-2 2.628E-2 7.386E-2 5.270E-2 1.010E-2 2.284E-2 5.836E-2 8.690E-2 1.828E+0 1.675E+0 
14 2.130E-2 2.319E-2 6.518E-2 4.651E-2 8.916E-3 2.015E-2 5.149E-2 8.053E-2 2.033E+0 1.865E+0 



10 

 

15 1.880E-2 2.046E-2 5.751E-2 4.104E-2 7.868E-3 1.778E-2 4.544E-2 7.462E-2 2.233E+0 1.646E+0 
16 1.659E-2 1.806E-2 5.075E-2 3.621E-2 6.942E-3 1.569E-2 4.009E-2 6.915E-2 2.428E+0 1.452E+0 
17 1.464E-2 1.593E-2 4.478E-2 3.195E-2 6.126E-3 1.385E-2 3.538E-2 6.408E-2 2.619E+0 1.282E+0 
18 1.292E-2 1.406E-2 3.951E-2 2.819E-2 5.405E-3 1.222E-2 3.122E-2 5.938E-2 2.806E+0 1.131E+0 
19 1.140E-2 1.241E-2 3.486E-2 2.488E-2 4.770E-3 1.078E-2 2.755E-2 5.503E-2 2.990E+0 9.979E-1 
20 1.006E-2 1.095E-2 3.076E-2 2.195E-2 4.209E-3 9.513E-3 2.431E-2 5.099E-2 2.638E+0 8.805E-1 
21 8.874E-3 9.659E-3 2.715E-2 1.937E-2 3.714E-3 8.394E-3 2.145E-2 4.725E-2 2.328E+0 7.770E-1 
22 7.830E-3 8.523E-3 2.395E-2 1.709E-2 3.277E-3 7.407E-3 1.893E-2 4.379E-2 2.054E+0 6.856E-1 
23 6.909E-3 7.521E-3 2.114E-2 1.508E-2 2.892E-3 6.536E-3 1.670E-2 4.058E-2 1.812E+0 6.050E-1 
24 6.096E-3 6.636E-3 1.865E-2 1.331E-2 2.551E-3 5.767E-3 1.474E-2 3.760E-2 1.599E+0 5.338E-1 
25 5.379E-3 5.856E-3 1.646E-2 1.174E-2 2.251E-3 5.089E-3 1.300E-2 3.485E-2 1.411E+0 4.710E-1 
26 4.747E-3 5.167E-3 1.452E-2 1.036E-2 1.987E-3 4.490E-3 1.147E-2 3.229E-2 1.245E+0 4.156E-1 
27 4.189E-3 4.559E-3 1.281E-2 9.143E-3 1.753E-3 3.962E-3 1.012E-2 2.992E-2 1.099E+0 3.667E-1 
28 3.696E-3 4.023E-3 1.131E-2 8.068E-3 1.547E-3 3.496E-3 8.933E-3 2.773E-2 9.696E-1 3.236E-1 
29 3.261E-3 3.550E-3 9.977E-3 7.119E-3 1.365E-3 3.085E-3 7.883E-3 2.570E-2 8.555E-1 2.856E-1 
30 2.878E-3 3.132E-3 8.803E-3 6.282E-3 1.204E-3 2.722E-3 6.956E-3 2.381E-2 7.549E-1 2.520E-1 
31 2.539E-3 2.764E-3 7.768E-3 5.543E-3 1.063E-3 2.402E-3 6.137E-3 2.207E-2 6.661E-1 2.223E-1 
32 2.241E-3 2.439E-3 6.854E-3 4.891E-3 9.377E-4 2.120E-3 5.416E-3 2.045E-2 5.878E-1 1.962E-1 
33 1.977E-3 2.152E-3 6.048E-3 4.316E-3 8.274E-4 1.870E-3 4.779E-3 1.895E-2 5.186E-1 1.731E-1 
34 1.745E-3 1.899E-3 5.337E-3 3.808E-3 7.301E-4 1.650E-3 4.217E-3 1.756E-2 4.576E-1 1.528E-1 
35 1.539E-3 1.676E-3 4.709E-3 3.360E-3 6.443E-4 1.456E-3 3.721E-3 1.627E-2 4.038E-1 1.348E-1 
36 1.358E-3 1.479E-3 4.155E-3 2.965E-3 5.685E-4 1.285E-3 3.283E-3 1.508E-2 3.563E-1 1.189E-1 
37 1.199E-3 1.305E-3 3.667E-3 2.616E-3 5.016E-4 1.134E-3 2.897E-3 1.397E-2 3.144E-1 1.049E-1 
38 1.058E-3 1.151E-3 3.235E-3 2.309E-3 4.426E-4 1.000E-3 2.556E-3 1.295E-2 2.774E-1 9.260E-2 
39 9.332E-4 1.016E-3 2.855E-3 2.037E-3 3.906E-4 8.828E-4 2.256E-3 1.200E-2 2.448E-1 8.171E-2 
40 8.235E-4 8.963E-4 2.519E-3 1.798E-3 3.446E-4 7.790E-4 1.990E-3 1.112E-2 2.160E-1 7.210E-2 
41 7.266E-4 7.909E-4 2.223E-3 1.586E-3 3.041E-4 6.874E-4 1.756E-3 1.030E-2 1.906E-1 6.362E-2 
42 6.412E-4 6.979E-4 1.961E-3 1.400E-3 2.683E-4 6.065E-4 1.550E-3 9.548E-3 1.682E-1 5.614E-2 
43 5.658E-4 6.158E-4 1.731E-3 1.235E-3 2.368E-4 5.352E-4 1.367E-3 8.848E-3 1.484E-1 4.954E-2 
44 4.992E-4 5.434E-4 1.527E-3 1.090E-3 2.089E-4 4.722E-4 1.207E-3 8.199E-3 1.310E-1 4.371E-2 
45 4.405E-4 4.795E-4 1.348E-3 9.616E-4 1.844E-4 4.167E-4 1.065E-3 7.598E-3 1.156E-1 3.857E-2 
46 3.887E-4 4.231E-4 1.189E-3 8.485E-4 1.627E-4 3.677E-4 9.395E-4 7.041E-3 1.020E-1 3.403E-2 
47 3.430E-4 3.733E-4 1.049E-3 7.487E-4 1.435E-4 3.245E-4 8.290E-4 6.525E-3 8.997E-2 3.003E-2 
48 3.026E-4 3.294E-4 9.258E-4 6.606E-4 1.267E-4 2.863E-4 7.315E-4 6.046E-3 7.939E-2 2.650E-2 
49 2.670E-4 2.907E-4 8.170E-4 5.829E-4 1.118E-4 2.526E-4 6.455E-4 5.603E-3 7.006E-2 2.338E-2 
50 2.356E-4 2.565E-4 7.209E-4 5.144E-4 9.862E-5 2.229E-4 5.696E-4 5.192E-3 6.182E-2 2.063E-2 

4.2 Scenario 2: Aboveground carbon inputs only 

 

Fig. 4. Scenario 2 annual soil organic carbon elementary flows of annual crops and perennial grasses 

Table 13. Scenario 2 SOC flows  [t C·ha-1 ·yr-1] 

 Annual Crops Perennial grasses 
yr Total 

Annual 
Wheat  Rapeseed Maize Sunflower Triticale Sugar beet Soybean  Miscanthus Switch 

grass 

-20 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
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-19 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-18 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-17 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-16 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-15 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-14 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-13 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-12 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-11 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-10 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-9 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-8 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-7 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-6 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-5 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-4 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-3 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-2 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
-1 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 
0 -2.457E-1 -4.193E-1 -1.248E+0 -5.170E-1 -1.795E-1 -3.180E-1 -1.903E-1 -1.932E+0 -5.645E+0 0.000E+0 
1 2.889E-2 4.931E-2 1.468E-1 6.080E-2 2.111E-2 3.740E-2 2.239E-2 1.417E-1 6.639E-1 0.000E+0 
2 2.549E-2 4.351E-2 1.295E-1 5.365E-2 1.863E-2 3.300E-2 1.975E-2 1.313E-1 5.858E-1 0.000E+0 
3 2.250E-2 3.839E-2 1.143E-1 4.734E-2 1.644E-2 2.912E-2 1.743E-2 1.217E-1 5.169E-1 0.000E+0 
4 1.985E-2 3.388E-2 1.009E-1 4.177E-2 1.451E-2 2.570E-2 1.538E-2 1.127E-1 4.561E-1 0.000E+0 
5 1.752E-2 2.989E-2 8.900E-2 3.686E-2 1.280E-2 2.267E-2 1.357E-2 1.045E-1 4.025E-1 0.000E+0 
6 1.546E-2 2.638E-2 7.853E-2 3.253E-2 1.129E-2 2.001E-2 1.198E-2 9.681E-2 3.551E-1 0.000E+0 
7 1.364E-2 2.328E-2 6.929E-2 2.870E-2 9.966E-3 1.765E-2 1.057E-2 8.971E-2 3.134E-1 0.000E+0 
8 1.203E-2 2.054E-2 6.114E-2 2.532E-2 8.794E-3 1.558E-2 9.324E-3 8.314E-2 2.765E-1 0.000E+0 
9 1.062E-2 1.812E-2 5.395E-2 2.235E-2 7.760E-3 1.375E-2 8.228E-3 7.704E-2 2.440E-1 0.000E+0 
10 9.370E-3 1.599E-2 4.761E-2 1.972E-2 6.847E-3 1.213E-2 7.260E-3 7.139E-2 2.153E-1 0.000E+0 
11 8.268E-3 1.411E-2 4.201E-2 1.740E-2 6.042E-3 1.070E-2 6.406E-3 6.616E-2 1.900E-1 0.000E+0 
12 7.295E-3 1.245E-2 3.707E-2 1.535E-2 5.331E-3 9.444E-3 5.653E-3 6.131E-2 1.676E-1 0.000E+0 
13 6.437E-3 1.099E-2 3.271E-2 1.355E-2 4.704E-3 8.333E-3 4.988E-3 5.681E-2 1.479E-1 0.000E+0 
14 5.680E-3 9.695E-3 2.886E-2 1.195E-2 4.151E-3 7.353E-3 4.401E-3 5.264E-2 1.305E-1 0.000E+0 
15 5.012E-3 8.554E-3 2.547E-2 1.055E-2 3.663E-3 6.488E-3 3.884E-3 4.878E-2 1.152E-1 0.000E+0 
16 4.423E-3 7.548E-3 2.247E-2 9.307E-3 3.232E-3 5.725E-3 3.427E-3 4.521E-2 1.016E-1 0.000E+0 
17 3.903E-3 6.661E-3 1.983E-2 8.213E-3 2.852E-3 5.052E-3 3.024E-3 4.189E-2 8.967E-2 0.000E+0 
18 3.444E-3 5.877E-3 1.750E-2 7.247E-3 2.516E-3 4.458E-3 2.668E-3 3.882E-2 7.912E-2 0.000E+0 
19 3.039E-3 5.186E-3 1.544E-2 6.395E-3 2.220E-3 3.934E-3 2.354E-3 3.597E-2 6.982E-2 0.000E+0 
20 2.681E-3 4.576E-3 1.362E-2 5.643E-3 1.959E-3 3.471E-3 2.077E-3 3.334E-2 6.161E-2 0.000E+0 
21 2.366E-3 4.038E-3 1.202E-2 4.979E-3 1.729E-3 3.063E-3 1.833E-3 3.089E-2 5.436E-2 0.000E+0 
22 2.088E-3 3.563E-3 1.061E-2 4.393E-3 1.526E-3 2.703E-3 1.618E-3 2.863E-2 4.797E-2 0.000E+0 
23 1.842E-3 3.144E-3 9.360E-3 3.877E-3 1.346E-3 2.385E-3 1.427E-3 2.653E-2 4.233E-2 0.000E+0 
24 1.625E-3 2.774E-3 8.259E-3 3.421E-3 1.188E-3 2.104E-3 1.259E-3 2.458E-2 3.735E-2 0.000E+0 
25 1.434E-3 2.448E-3 7.288E-3 3.018E-3 1.048E-3 1.857E-3 1.111E-3 2.278E-2 3.296E-2 0.000E+0 
26 1.266E-3 2.160E-3 6.431E-3 2.663E-3 9.248E-4 1.638E-3 9.806E-4 2.111E-2 2.908E-2 0.000E+0 
27 1.117E-3 1.906E-3 5.674E-3 2.350E-3 8.161E-4 1.446E-3 8.653E-4 1.956E-2 2.566E-2 0.000E+0 
28 9.854E-4 1.682E-3 5.007E-3 2.074E-3 7.201E-4 1.276E-3 7.635E-4 1.813E-2 2.264E-2 0.000E+0 
29 8.695E-4 1.484E-3 4.418E-3 1.830E-3 6.354E-4 1.126E-3 6.737E-4 1.680E-2 1.998E-2 0.000E+0 
30 7.672E-4 1.309E-3 3.898E-3 1.615E-3 5.607E-4 9.932E-4 5.945E-4 1.557E-2 1.763E-2 0.000E+0 
31 6.770E-4 1.155E-3 3.440E-3 1.425E-3 4.947E-4 8.764E-4 5.246E-4 1.443E-2 1.556E-2 0.000E+0 
32 5.974E-4 1.020E-3 3.035E-3 1.257E-3 4.365E-4 7.733E-4 4.629E-4 1.337E-2 1.373E-2 0.000E+0 
33 5.271E-4 8.997E-4 2.678E-3 1.109E-3 3.852E-4 6.824E-4 4.084E-4 1.239E-2 1.211E-2 0.000E+0 
34 4.651E-4 7.938E-4 2.363E-3 9.789E-4 3.399E-4 6.021E-4 3.604E-4 1.148E-2 1.069E-2 0.000E+0 
35 4.104E-4 7.005E-4 2.085E-3 8.637E-4 2.999E-4 5.313E-4 3.180E-4 1.064E-2 9.430E-3 0.000E+0 
36 3.622E-4 6.181E-4 1.840E-3 7.622E-4 2.647E-4 4.688E-4 2.806E-4 9.857E-3 8.321E-3 0.000E+0 
37 3.196E-4 5.454E-4 1.624E-3 6.725E-4 2.335E-4 4.137E-4 2.476E-4 9.135E-3 7.343E-3 0.000E+0 
38 2.820E-4 4.813E-4 1.433E-3 5.934E-4 2.061E-4 3.650E-4 2.185E-4 8.465E-3 6.479E-3 0.000E+0 
39 2.488E-4 4.247E-4 1.264E-3 5.236E-4 1.818E-4 3.221E-4 1.928E-4 7.844E-3 5.717E-3 0.000E+0 
40 2.196E-4 3.747E-4 1.116E-3 4.620E-4 1.604E-4 2.842E-4 1.701E-4 7.269E-3 5.045E-3 0.000E+0 
41 1.937E-4 3.306E-4 9.844E-4 4.077E-4 1.416E-4 2.508E-4 1.501E-4 6.736E-3 4.451E-3 0.000E+0 
42 1.709E-4 2.918E-4 8.686E-4 3.598E-4 1.249E-4 2.213E-4 1.325E-4 6.242E-3 3.928E-3 0.000E+0 
43 1.508E-4 2.574E-4 7.664E-4 3.174E-4 1.102E-4 1.953E-4 1.169E-4 5.784E-3 3.466E-3 0.000E+0 
44 1.331E-4 2.272E-4 6.763E-4 2.801E-4 9.727E-5 1.723E-4 1.031E-4 5.360E-3 3.058E-3 0.000E+0 
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45 1.174E-4 2.004E-4 5.968E-4 2.472E-4 8.583E-5 1.520E-4 9.100E-5 4.967E-3 2.699E-3 0.000E+0 
46 1.036E-4 1.769E-4 5.266E-4 2.181E-4 7.573E-5 1.342E-4 8.030E-5 4.603E-3 2.381E-3 0.000E+0 
47 9.145E-5 1.561E-4 4.646E-4 1.924E-4 6.682E-5 1.184E-4 7.085E-5 4.265E-3 2.101E-3 0.000E+0 
48 8.069E-5 1.377E-4 4.100E-4 1.698E-4 5.897E-5 1.045E-4 6.252E-5 3.953E-3 1.854E-3 0.000E+0 
49 7.120E-5 1.215E-4 3.618E-4 1.498E-4 5.203E-5 9.217E-5 5.517E-5 3.663E-3 1.636E-3 0.000E+0 
50 6.283E-5 1.072E-4 3.192E-4 1.322E-4 4.591E-5 8.133E-5 4.868E-5 3.394E-3 1.444E-3 0.000E+0 

4.3 Scenario 3: Belowground carbon inputs only 

 

Fig. 5. Scenario 3 annual soil organic carbon elementary flows of annual crops and perennial grasses 

Table 14. Scenario 3 SOC flows [t C·ha-1 ·yr-1] 

 Annual Crops Perennial grasses 
 S1 S1 S1 S1 S1 S1 S1 S1 S1 S1 
yr Total 

Annual 
Wheat  Rapeseed Maize Sunflower Triticale Sugar beet Soybean  Miscanthus Switch 

grass 

-20 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.588E-1 0.000E+0 
-19 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -3.177E-1 0.000E+0 
-18 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -4.765E-1 0.000E+0 
-17 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -6.353E-1 0.000E+0 
-16 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -7.942E-1 0.000E+0 
-15 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -9.530E-1 -1.465E-1 
-14 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.112E+0 -2.930E-1 
-13 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.271E+0 -4.396E-1 
-12 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.429E+0 -5.861E-1 
-11 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.588E+0 -7.326E-1 
-10 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.747E+0 -8.791E-1 
-9 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -1.906E+0 -1.026E+0 
-8 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.065E+0 -1.172E+0 
-7 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.224E+0 -1.319E+0 
-6 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.382E+0 -1.465E+0 
-5 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.541E+0 -1.612E+0 
-4 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.700E+0 -1.758E+0 
-3 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -2.859E+0 -1.905E+0 
-2 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -3.018E+0 -2.051E+0 
-1 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 0.000E+0 -3.177E+0 -2.198E+0 
0 -3.255E-1 -5.433E-1 -1.374E+0 -9.488E-1 -6.600E-2 -2.941E-1 -3.172E-1 -1.023E+0 -2.644E+0 -1.793E+0 
1 3.828E-2 6.390E-2 1.616E-1 1.116E-1 7.762E-3 3.459E-2 3.731E-2 7.504E-2 -2.156E+0 -1.418E+0 
2 3.378E-2 5.638E-2 1.426E-1 9.846E-2 6.849E-3 3.052E-2 3.292E-2 6.954E-2 -1.706E+0 -1.070E+0 
3 2.980E-2 4.975E-2 1.258E-1 8.688E-2 6.044E-3 2.693E-2 2.905E-2 6.444E-2 -1.290E+0 -7.463E-1 
4 2.630E-2 4.390E-2 1.110E-1 7.666E-2 5.333E-3 2.377E-2 2.563E-2 5.971E-2 -9.051E-1 -4.431E-1 
5 2.320E-2 3.874E-2 9.796E-2 6.765E-2 4.706E-3 2.097E-2 2.262E-2 5.534E-2 -5.465E-1 -1.583E-1 
6 2.048E-2 3.418E-2 8.644E-2 5.969E-2 4.152E-3 1.851E-2 1.996E-2 5.128E-2 -2.113E-1 1.102E-1 
7 1.807E-2 3.016E-2 7.627E-2 5.267E-2 3.664E-3 1.633E-2 1.761E-2 4.752E-2 1.032E-1 3.644E-1 
8 1.594E-2 2.661E-2 6.730E-2 4.648E-2 3.233E-3 1.441E-2 1.554E-2 4.403E-2 3.993E-1 6.059E-1 
9 1.407E-2 2.348E-2 5.939E-2 4.101E-2 2.853E-3 1.271E-2 1.371E-2 4.081E-2 6.793E-1 8.363E-1 
10 1.241E-2 2.072E-2 5.240E-2 3.619E-2 2.517E-3 1.122E-2 1.210E-2 3.781E-2 9.450E-1 1.057E+0 
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11 1.095E-2 1.828E-2 4.624E-2 3.193E-2 2.221E-3 9.899E-3 1.068E-2 3.504E-2 1.198E+0 1.269E+0 
12 9.665E-3 1.613E-2 4.080E-2 2.818E-2 1.960E-3 8.735E-3 9.421E-3 3.247E-2 1.440E+0 1.473E+0 
13 8.528E-3 1.424E-2 3.600E-2 2.486E-2 1.729E-3 7.708E-3 8.313E-3 3.009E-2 1.673E+0 1.670E+0 
14 7.525E-3 1.256E-2 3.177E-2 2.194E-2 1.526E-3 6.801E-3 7.335E-3 2.788E-2 1.896E+0 1.861E+0 
15 6.640E-3 1.108E-2 2.803E-2 1.936E-2 1.347E-3 6.001E-3 6.473E-3 2.584E-2 2.112E+0 1.642E+0 
16 5.859E-3 9.781E-3 2.473E-2 1.708E-2 1.188E-3 5.295E-3 5.711E-3 2.394E-2 2.322E+0 1.449E+0 
17 5.170E-3 8.631E-3 2.183E-2 1.507E-2 1.048E-3 4.673E-3 5.040E-3 2.219E-2 2.525E+0 1.279E+0 
18 4.562E-3 7.616E-3 1.926E-2 1.330E-2 9.252E-4 4.123E-3 4.447E-3 2.056E-2 2.723E+0 1.128E+0 
19 4.026E-3 6.720E-3 1.699E-2 1.174E-2 8.164E-4 3.638E-3 3.924E-3 1.905E-2 2.917E+0 9.957E-1 
20 3.552E-3 5.930E-3 1.500E-2 1.036E-2 7.203E-4 3.210E-3 3.462E-3 1.766E-2 2.573E+0 8.786E-1 
21 3.134E-3 5.232E-3 1.323E-2 9.137E-3 6.356E-4 2.833E-3 3.055E-3 1.636E-2 2.271E+0 7.753E-1 
22 2.766E-3 4.617E-3 1.168E-2 8.063E-3 5.609E-4 2.500E-3 2.696E-3 1.516E-2 2.004E+0 6.841E-1 
23 2.440E-3 4.074E-3 1.030E-2 7.115E-3 4.949E-4 2.206E-3 2.379E-3 1.405E-2 1.768E+0 6.036E-1 
24 2.153E-3 3.595E-3 9.091E-3 6.278E-3 4.367E-4 1.946E-3 2.099E-3 1.302E-2 1.560E+0 5.326E-1 
25 1.900E-3 3.172E-3 8.021E-3 5.539E-3 3.853E-4 1.717E-3 1.852E-3 1.207E-2 1.377E+0 4.700E-1 
26 1.677E-3 2.799E-3 7.078E-3 4.888E-3 3.400E-4 1.515E-3 1.634E-3 1.118E-2 1.215E+0 4.147E-1 
27 1.479E-3 2.470E-3 6.246E-3 4.313E-3 3.000E-4 1.337E-3 1.442E-3 1.036E-2 1.072E+0 3.659E-1 
28 1.305E-3 2.179E-3 5.511E-3 3.806E-3 2.647E-4 1.180E-3 1.273E-3 9.602E-3 9.458E-1 3.229E-1 
29 1.152E-3 1.923E-3 4.863E-3 3.358E-3 2.336E-4 1.041E-3 1.123E-3 8.898E-3 8.346E-1 2.849E-1 
30 1.016E-3 1.697E-3 4.291E-3 2.963E-3 2.061E-4 9.186E-4 9.908E-4 8.245E-3 7.364E-1 2.514E-1 
31 8.969E-4 1.497E-3 3.786E-3 2.615E-3 1.819E-4 8.106E-4 8.743E-4 7.641E-3 6.498E-1 2.218E-1 
32 7.914E-4 1.321E-3 3.341E-3 2.307E-3 1.605E-4 7.153E-4 7.715E-4 7.080E-3 5.734E-1 1.958E-1 
33 6.983E-4 1.166E-3 2.948E-3 2.036E-3 1.416E-4 6.311E-4 6.807E-4 6.561E-3 5.060E-1 1.727E-1 
34 6.162E-4 1.029E-3 2.601E-3 1.796E-3 1.250E-4 5.569E-4 6.007E-4 6.080E-3 4.464E-1 1.524E-1 
35 5.437E-4 9.077E-4 2.295E-3 1.585E-3 1.103E-4 4.914E-4 5.300E-4 5.634E-3 3.939E-1 1.345E-1 
36 4.798E-4 8.009E-4 2.025E-3 1.399E-3 9.730E-5 4.336E-4 4.677E-4 5.221E-3 3.476E-1 1.187E-1 
37 4.234E-4 7.067E-4 1.787E-3 1.234E-3 8.585E-5 3.826E-4 4.127E-4 4.838E-3 3.067E-1 1.047E-1 
38 3.736E-4 6.236E-4 1.577E-3 1.089E-3 7.576E-5 3.376E-4 3.641E-4 4.484E-3 2.707E-1 9.240E-2 
39 3.296E-4 5.503E-4 1.392E-3 9.610E-4 6.685E-5 2.979E-4 3.213E-4 4.155E-3 2.388E-1 8.153E-2 
40 2.909E-4 4.855E-4 1.228E-3 8.480E-4 5.899E-5 2.629E-4 2.835E-4 3.850E-3 2.107E-1 7.194E-2 
41 2.567E-4 4.284E-4 1.083E-3 7.482E-4 5.205E-5 2.320E-4 2.502E-4 3.568E-3 1.859E-1 6.348E-2 
42 2.265E-4 3.781E-4 9.560E-4 6.602E-4 4.593E-5 2.047E-4 2.208E-4 3.306E-3 1.641E-1 5.602E-2 
43 1.998E-4 3.336E-4 8.436E-4 5.826E-4 4.053E-5 1.806E-4 1.948E-4 3.064E-3 1.448E-1 4.943E-2 
44 1.763E-4 2.944E-4 7.444E-4 5.141E-4 3.576E-5 1.594E-4 1.719E-4 2.839E-3 1.278E-1 4.362E-2 
45 1.556E-4 2.597E-4 6.568E-4 4.536E-4 3.155E-5 1.406E-4 1.517E-4 2.631E-3 1.127E-1 3.849E-2 
46 1.373E-4 2.292E-4 5.796E-4 4.003E-4 2.784E-5 1.241E-4 1.338E-4 2.438E-3 9.947E-2 3.396E-2 
47 1.211E-4 2.022E-4 5.114E-4 3.532E-4 2.457E-5 1.095E-4 1.181E-4 2.259E-3 8.777E-2 2.997E-2 
48 1.069E-4 1.784E-4 4.513E-4 3.116E-4 2.168E-5 9.661E-5 1.042E-4 2.094E-3 7.745E-2 2.644E-2 
49 9.433E-5 1.575E-4 3.982E-4 2.750E-4 1.913E-5 8.525E-5 9.195E-5 1.940E-3 6.834E-2 2.333E-2 
50 8.323E-5 1.389E-4 3.514E-4 2.426E-4 1.688E-5 7.522E-5 8.113E-5 1.798E-3 6.030E-2 2.059E-2 

4.4 Scenario 4: Exogenous carbon inputs only 
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Fig. 6. Scenario 4 annual soil organic carbon elementary flows of annual crops and perennial grasses 

Table 15. Scenario 4 flows [t C·ha-1 ·yr-1] 

 Annual Crops Perennial grasses 
yr Total 

Annual 
Wheat  Rapeseed Maize Sunflower Triticale Sugar beet Soybean  Miscanthus Switch 

grass 

-20 -3.503E-1 -4.037E-2 -1.966E-1 -5.455E-1 -1.401E-1 -2.595E-1 -4.689E-1 0.000E+0 0.000E+0 0.000E+0 
-19 1.399E-1 1.613E-2 7.854E-2 2.179E-1 5.597E-2 1.037E-1 1.874E-1 0.000E+0 0.000E+0 0.000E+0 
-18 8.403E-2 9.686E-3 4.716E-2 1.309E-1 3.361E-2 6.225E-2 1.125E-1 0.000E+0 0.000E+0 0.000E+0 
-17 5.046E-2 5.816E-3 2.832E-2 7.858E-2 2.018E-2 3.738E-2 6.756E-2 0.000E+0 0.000E+0 0.000E+0 
-16 3.030E-2 3.493E-3 1.701E-2 4.719E-2 1.212E-2 2.244E-2 4.057E-2 0.000E+0 0.000E+0 0.000E+0 
-15 1.819E-2 2.097E-3 1.021E-2 2.834E-2 7.277E-3 1.348E-2 2.436E-2 0.000E+0 0.000E+0 0.000E+0 
-14 1.093E-2 1.259E-3 6.132E-3 1.701E-2 4.370E-3 8.093E-3 1.463E-2 0.000E+0 0.000E+0 0.000E+0 
-13 6.561E-3 7.562E-4 3.682E-3 1.022E-2 2.624E-3 4.860E-3 8.783E-3 0.000E+0 0.000E+0 0.000E+0 
-12 3.939E-3 4.541E-4 2.211E-3 6.135E-3 1.576E-3 2.918E-3 5.274E-3 0.000E+0 0.000E+0 0.000E+0 
-11 2.366E-3 2.727E-4 1.328E-3 3.684E-3 9.461E-4 1.752E-3 3.167E-3 0.000E+0 0.000E+0 0.000E+0 
-10 1.420E-3 1.637E-4 7.972E-4 2.212E-3 5.681E-4 1.052E-3 1.902E-3 0.000E+0 0.000E+0 0.000E+0 
-9 8.530E-4 9.832E-5 4.787E-4 1.328E-3 3.412E-4 6.318E-4 1.142E-3 0.000E+0 0.000E+0 0.000E+0 
-8 5.122E-4 5.904E-5 2.875E-4 7.977E-4 2.049E-4 3.794E-4 6.857E-4 0.000E+0 0.000E+0 0.000E+0 
-7 3.076E-4 3.545E-5 1.726E-4 4.790E-4 1.230E-4 2.278E-4 4.118E-4 0.000E+0 0.000E+0 0.000E+0 
-6 1.847E-4 2.129E-5 1.037E-4 2.876E-4 7.387E-5 1.368E-4 2.472E-4 0.000E+0 0.000E+0 0.000E+0 
-5 1.109E-4 1.278E-5 6.224E-5 1.727E-4 4.436E-5 8.215E-5 1.485E-4 0.000E+0 0.000E+0 0.000E+0 
-4 6.659E-5 7.676E-6 3.737E-5 1.037E-4 2.663E-5 4.933E-5 8.915E-5 0.000E+0 0.000E+0 0.000E+0 
-3 3.999E-5 4.609E-6 2.244E-5 6.227E-5 1.599E-5 2.962E-5 5.353E-5 0.000E+0 0.000E+0 0.000E+0 
-2 2.401E-5 2.768E-6 1.348E-5 3.739E-5 9.604E-6 1.779E-5 3.215E-5 0.000E+0 0.000E+0 0.000E+0 
-1 1.442E-5 1.662E-6 8.092E-6 2.245E-5 5.767E-6 1.068E-5 1.930E-5 0.000E+0 0.000E+0 0.000E+0 
0 -3.503E-1 -4.037E-2 -1.966E-1 -5.455E-1 -1.401E-1 -2.595E-1 -1.719E+0 0.000E+0 -2.720E-1 -1.776E-1 
1 4.120E-2 4.748E-3 2.312E-2 6.416E-2 1.648E-2 3.052E-2 2.022E-1 0.000E+0 3.198E-2 2.089E-2 
2 3.635E-2 4.190E-3 2.040E-2 5.661E-2 1.454E-2 2.693E-2 1.784E-1 0.000E+0 2.822E-2 1.844E-2 
3 3.208E-2 3.697E-3 1.800E-2 4.995E-2 1.283E-2 2.376E-2 1.575E-1 0.000E+0 2.490E-2 1.627E-2 
4 2.830E-2 3.262E-3 1.589E-2 4.408E-2 1.132E-2 2.097E-2 1.389E-1 0.000E+0 2.197E-2 1.435E-2 
5 2.497E-2 2.879E-3 1.402E-2 3.889E-2 9.989E-3 1.850E-2 1.226E-1 0.000E+0 1.939E-2 1.267E-2 
6 2.204E-2 2.540E-3 1.237E-2 3.432E-2 8.814E-3 1.632E-2 1.082E-1 0.000E+0 1.711E-2 1.118E-2 
7 1.945E-2 2.241E-3 1.091E-2 3.028E-2 7.778E-3 1.440E-2 9.546E-2 0.000E+0 1.510E-2 9.862E-3 
8 1.716E-2 1.978E-3 9.630E-3 2.672E-2 6.863E-3 1.271E-2 8.423E-2 0.000E+0 1.332E-2 8.702E-3 
9 1.514E-2 1.745E-3 8.498E-3 2.358E-2 6.056E-3 1.122E-2 7.432E-2 0.000E+0 1.176E-2 7.679E-3 
10 1.336E-2 1.540E-3 7.498E-3 2.081E-2 5.343E-3 9.896E-3 6.558E-2 0.000E+0 1.037E-2 6.776E-3 
11 1.179E-2 1.359E-3 6.616E-3 1.836E-2 4.715E-3 8.732E-3 5.787E-2 0.000E+0 9.153E-3 5.979E-3 
12 1.040E-2 1.199E-3 5.838E-3 1.620E-2 4.160E-3 7.705E-3 5.106E-2 0.000E+0 8.076E-3 5.276E-3 
13 9.179E-3 1.058E-3 5.151E-3 1.429E-2 3.671E-3 6.799E-3 4.506E-2 0.000E+0 7.126E-3 4.655E-3 
14 8.099E-3 9.336E-4 4.546E-3 1.261E-2 3.239E-3 5.999E-3 3.976E-2 0.000E+0 6.288E-3 4.108E-3 
15 7.147E-3 8.238E-4 4.011E-3 1.113E-2 2.858E-3 5.294E-3 3.508E-2 0.000E+0 5.549E-3 3.625E-3 
16 6.306E-3 7.269E-4 3.539E-3 9.821E-3 2.522E-3 4.671E-3 3.096E-2 0.000E+0 4.896E-3 3.198E-3 
17 5.564E-3 6.414E-4 3.123E-3 8.666E-3 2.226E-3 4.122E-3 2.732E-2 0.000E+0 4.320E-3 2.822E-3 
18 4.910E-3 5.660E-4 2.756E-3 7.647E-3 1.964E-3 3.637E-3 2.410E-2 0.000E+0 3.812E-3 2.490E-3 
19 4.333E-3 4.994E-4 2.432E-3 6.747E-3 1.733E-3 3.209E-3 2.127E-2 0.000E+0 3.364E-3 2.197E-3 
20 3.823E-3 4.407E-4 2.146E-3 5.954E-3 1.529E-3 2.832E-3 1.877E-2 0.000E+0 2.968E-3 1.939E-3 
21 3.373E-3 3.888E-4 1.893E-3 5.254E-3 1.349E-3 2.499E-3 1.656E-2 0.000E+0 2.619E-3 1.711E-3 
22 2.977E-3 3.431E-4 1.671E-3 4.636E-3 1.191E-3 2.205E-3 1.461E-2 0.000E+0 2.311E-3 1.510E-3 
23 2.627E-3 3.028E-4 1.474E-3 4.091E-3 1.051E-3 1.946E-3 1.289E-2 0.000E+0 2.039E-3 1.332E-3 
24 2.318E-3 2.671E-4 1.301E-3 3.609E-3 9.270E-4 1.717E-3 1.138E-2 0.000E+0 1.799E-3 1.175E-3 
25 2.045E-3 2.357E-4 1.148E-3 3.185E-3 8.180E-4 1.515E-3 1.004E-2 0.000E+0 1.588E-3 1.037E-3 
26 1.805E-3 2.080E-4 1.013E-3 2.810E-3 7.218E-4 1.337E-3 8.858E-3 0.000E+0 1.401E-3 9.152E-4 
27 1.592E-3 1.835E-4 8.937E-4 2.480E-3 6.369E-4 1.179E-3 7.816E-3 0.000E+0 1.236E-3 8.076E-4 
28 1.405E-3 1.620E-4 7.886E-4 2.188E-3 5.620E-4 1.041E-3 6.897E-3 0.000E+0 1.091E-3 7.126E-4 
29 1.240E-3 1.429E-4 6.958E-4 1.931E-3 4.959E-4 9.184E-4 6.086E-3 0.000E+0 9.626E-4 6.288E-4 
30 1.094E-3 1.261E-4 6.140E-4 1.704E-3 4.376E-4 8.103E-4 5.370E-3 0.000E+0 8.494E-4 5.548E-4 
31 9.653E-4 1.113E-4 5.418E-4 1.503E-3 3.861E-4 7.150E-4 4.739E-3 0.000E+0 7.495E-4 4.896E-4 
32 8.518E-4 9.818E-5 4.781E-4 1.327E-3 3.407E-4 6.309E-4 4.181E-3 0.000E+0 6.613E-4 4.320E-4 
33 7.516E-4 8.663E-5 4.218E-4 1.171E-3 3.006E-4 5.567E-4 3.690E-3 0.000E+0 5.836E-4 3.812E-4 
34 6.632E-4 7.645E-5 3.722E-4 1.033E-3 2.653E-4 4.913E-4 3.256E-3 0.000E+0 5.149E-4 3.364E-4 
35 5.852E-4 6.745E-5 3.284E-4 9.114E-4 2.341E-4 4.335E-4 2.873E-3 0.000E+0 4.544E-4 2.968E-4 
36 5.164E-4 5.952E-5 2.898E-4 8.042E-4 2.065E-4 3.825E-4 2.535E-3 0.000E+0 4.009E-4 2.619E-4 
37 4.557E-4 5.252E-5 2.557E-4 7.096E-4 1.822E-4 3.375E-4 2.237E-3 0.000E+0 3.538E-4 2.311E-4 
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38 4.021E-4 4.634E-5 2.257E-4 6.262E-4 1.608E-4 2.978E-4 1.974E-3 0.000E+0 3.122E-4 2.039E-4 
39 3.548E-4 4.089E-5 1.991E-4 5.525E-4 1.419E-4 2.628E-4 1.742E-3 0.000E+0 2.754E-4 1.799E-4 
40 3.131E-4 3.608E-5 1.757E-4 4.875E-4 1.252E-4 2.319E-4 1.537E-3 0.000E+0 2.431E-4 1.588E-4 
41 2.762E-4 3.184E-5 1.550E-4 4.302E-4 1.105E-4 2.046E-4 1.356E-3 0.000E+0 2.145E-4 1.401E-4 
42 2.437E-4 2.810E-5 1.368E-4 3.796E-4 9.749E-5 1.806E-4 1.197E-3 0.000E+0 1.892E-4 1.236E-4 
43 2.151E-4 2.479E-5 1.207E-4 3.350E-4 8.602E-5 1.593E-4 1.056E-3 0.000E+0 1.670E-4 1.091E-4 
44 1.898E-4 2.188E-5 1.065E-4 2.956E-4 7.591E-5 1.406E-4 9.316E-4 0.000E+0 1.473E-4 9.625E-5 
45 1.675E-4 1.930E-5 9.399E-5 2.608E-4 6.698E-5 1.240E-4 8.221E-4 0.000E+0 1.300E-4 8.493E-5 
46 1.478E-4 1.703E-5 8.293E-5 2.301E-4 5.910E-5 1.095E-4 7.254E-4 0.000E+0 1.147E-4 7.494E-5 
47 1.304E-4 1.503E-5 7.318E-5 2.031E-4 5.215E-5 9.658E-5 6.401E-4 0.000E+0 1.012E-4 6.613E-5 
48 1.151E-4 1.326E-5 6.457E-5 1.792E-4 4.602E-5 8.522E-5 5.648E-4 0.000E+0 8.933E-5 5.835E-5 
49 1.015E-4 1.170E-5 5.698E-5 1.581E-4 4.061E-5 7.520E-5 4.984E-4 0.000E+0 7.882E-5 5.149E-5 
50 8.958E-5 1.033E-5 5.028E-5 1.395E-4 3.583E-5 6.636E-5 4.397E-4 0.000E+0 6.955E-5 4.543E-5 

4.1 Comparison of all scenarios 

 

Fig. 7. SOC flows [t·C·ha
-1

·yr
-1

] per perennial energy crops and per management-driven variations  
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Fig. 8. SOC flows [t·C·ha
-1

·yr
-1

] per annual energy crops and per management-driven variations 
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5 Coupling results and sensitivity analysis  

5.1 Cumulative radiative forcing results at year 2119 

Fig. 9 shows the cumulative radiative forcing results at year 2119 for C-neutral and C-complete per 

SOC management-driven scenarios.   

 

Fig. 9. Cumulative radiative forcing [W·yr·m
-2

] over 100 years (2019-2119) per TIMES-MIRET scenario (BAU, 
15BIO and LTECV) and management practices associated with soil organic carbon inputs 

5.2 Sensitivity analysis on land occupation 

The SOC_AG variations have significant consequences on the land occupation requirements, as 

plotted in Fig. 10. Erreur ! Source du renvoi introuvable. 

 

Fig. 10. Consequential variations of land occupation requirements [ha] linked with residue removal rates from 
the field for biofuel production, denoting increases by a factor of 5 with 90% removal and reductions by a 
factor of 0.56 with 10% removal rates as compared to original values   

 



18 

 

References  

ADEME, 2017a. Mobilisation de la Biomasse Agricole : état de l’art et analyse prospective. ADEME, Deloitte 
Développement Durable, Association d’Initiatives Locales pour l’Energie et l’Environnement (AILE), Alterra 
Wageningen. Angers. France. 

ADEME, 2017b. Agriculture et énergies renouvelables : état de l’art et opportunités pour les exploitations 
agricoles. ADEME, I Care & Consult, Blézat consulting, CERFrance, Céréopa.; Angers. France. 

Agostini, F., Gregory, A.S., Richter, G.M., 2015. Carbon Sequestration by Perennial Energy Crops : Is the Jury Still 
Out ? Bioenergy Res. 1057–1080. https://doi.org/10.1007/s12155-014-9571-0 

AGRESTE, 2019. Agreste - Données en ligne [WWW Document]. Ministère de l’Agriculture et de l’Alimentation. 
URL https://stats.agriculture.gouv.fr/disar-web/disaron/!searchurl/searchUiid/search.disar (accessed 
2.1.19). 

AGRESTE, 2014. Pratiques culturales 2011 Principaux résultats: Principaux résultats - les Dossiers n°21, 
Ministère de l’Agriculture et de l’Alimentation. Ministère de l’Agriculture et de l’Alimentation- Agreste. 
Paris. 

Avadí, A., 2019. Screening LCA of French organic amendments and fertilisers. Int. J. Life Cycle Assess. [under 
Rev. ]. 

Besnard, A., Ferchaud, F., Levrault, F., Nguyen, E., Marsac, S., Savouré, M., 1, 2014. Le Lignoguide: Une aide aux 
choix des cultures biomasse. Innov. Agron. 34, 35–50. 

Bolinder, M A, Janzen, H.H., Gregorich, E.G., Angers, D.A., Vandenbygaart, A.J., 2007. An approach for 
estimating net primary productivity and annual carbon inputs to soil for common agricultural crops in 
Canada 118, 29–42. https://doi.org/10.1016/j.agee.2006.05.013 

Bolinder, M. A., Janzen, H.H., Gregorich, E.G., Angers, D.A., VandenBygaart, A.J., 2007. An approach for 
estimating net primary productivity and annual carbon inputs to soil for common agricultural crops in 
Canada. Agric. Ecosyst. Environ. 118, 29–42. https://doi.org/10.1016/j.agee.2006.05.013 

Carvalho, J.L.., Hudiburg, T.W., Franco, H.C.., DeLucia, E.H., 2017. Contribution of above- and belowground 
bioenergy crop residues to soil carbon. GCB Bioenergy 9, 1333–1343. https://doi.org/10.1111/gcbb.12411 

Cattelan, A.J., Dall’Agnol, A., 2018. The rapid soybean growth in Brazil. Oillseeds fats Crop. Lipids 25, D102. 
https://doi.org/10.1051/ocl/2017058 

Clivot, H., Mouny, J.-C., Duparque, A., Dinh, J.-L., Denoroy, P., Houot, S., Vertès, F., Trochard, R., Bouthier, A., 
Sagot, S., Mary, B., 2019. Modeling soil organic carbon evolution in long-term arable experiments with AMG 
model. Environ. Model. Softw. 118, 99–113. https://doi.org/10.1016/j.envsoft.2019.04.004 

Duparque, A., Boizard, H., Damay, N., Julien, J., Leclercq, C., Mary, B., 2007a. Evolution de l ’état organique du 
sol a l’échelle de la parcelle. GEMAS-COMIFER Les 8èmes rencontres la Fertil. Raison. l’analyse terre 1–16. 

Duparque, A., Duranel, J., Dersigny, C., Fleutry, L., 2007b. Mémento Sols et matières organiques: pour des 
notions utiles et contre les idées reçcues. Agro-Transfert Ressources et Territoires, Picardie. France. 

Edwards, R., Lariv’, J.-F., Richeard, D., Weinhof, W., 2014. Well-to-Tank Report” Version 4.a: JEC Well-To-
Wheels Analysis of Future Automotive Fuels and Powertrains in the European Context, Report EUR 26237 
EN. Ispra: JRC-Joint Research Centre. https://doi.org/10.2790/95629 

Ensinas, S.C., Serra, A.P., Marchetti, M.E., Da Silva, E.F., Do Prado, E.A.F., Lourente, E.R.P., Altomar, P.H., 
Potrich, D.C., Martinez, M.A., Do Amaral Conrad, V., Jesus, M.V., El Kadri, T.C., 2016. Cover crops affect on 
soil organic matter fractions under no till system. Aust. J. Crop Sci. 10, 503–512. 
https://doi.org/10.21475/ajcs.2016.10.04.p7247x 

Frisque, M., 2007. Gestion des matières organiques dans les sols cultivés en Région wallonne : avantages 
agronomiques, avantages environnementaux et séquestration du carbone Directeurs. Université Libre de 
Bruxelles IGEAT Institut de Gestion de l’Environnement et d’Aménagement du Territoire. 

Gis Sol, 2011. L’état des sols de France. Group. d’Intérêt Sci. sur les sols 1–188. 

Henin, S., Dupuis, M., 1945. Essai de bilan de la matière organique du sol. Ann. Agron. 1, 19–29. 

INRA-CIRAD-AFZ, 2017. Tables de composition et valeurs nutritionnelles des matières premières pour bovins, 
ovins, caprins, porcs, volailles, chevaux, lapins et salmonidés [WWW Document]. URL 



19 

 

https://feedtables.com/fr (accessed 1.20.19). 

Irizar, A.B., Delaye, L.A.M., Andriulo, A.E., 2015. Projection of Soil Organic Carbon Reserves in the Argentine 
Rolling Pampa Under Different Agronomic Scenarios. Relationship of these Reserves with Some Soil 
Properties. Open Agric. J. 9, 30–41. https://doi.org/10.2174/1874331501509010030 

Joly, D., Brossard, T., Cardot, H., Cavailhes, J., Hilal, M., Wavresky, P., 2010. Les types de climats en France, une 
construction spatiale - Types of climates on continental France, a spatial construction. Cybergéo  Eur. J. 
Geogr. 1–23. https://doi.org/10.4000/cybergeo.23155 

Le Villio, M., Arrouays, D., Deslais, W., Daroussin, J., Le Bissonnais, Y., Clergeot, D., 2001. Estimation des 
quantités de matière organique exogène nécessaires pour restaurer et entretenir les sols limoneux français 
à un niveau organique donné. Etude Gest. des Sols 8, 47–64. 

Levasseur, A., Lesage, P., Margni, M., Deschěnes, L., Samson, R., 2010. Considering time in LCA: Dynamic LCA 
and its application to global warming impact assessments. Environ. Sci. Technol. 44, 3169–3174. 
https://doi.org/10.1021/es9030003 

Moreno, R., Studdert, G.A., G, M.M., I, I.A., 2016. Soil organic carbon changes simulated with the AMG model in 
a high-organic-matter Mollisol. Spanish J. Soil Sci. 6, 212–229. https://doi.org/10.3232/SJSS.2016.V6.N3.04 

Myhre, G., Shindell, D., Bréon, F.-M., Collins, W., Fuglestvedt, J., Huang, J., Koch, D., Lamarque, J.-F., Lee, D., 
Mendoza, B., Nakajima, T., Robock, A., Stephens, G., Takemura, T., Zhang, H., 2013. Chapter 8 
Anthropogenic and Natural Radiative Forcing, in: Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. 
Boschung, A. Nauels, Y. Xia, V.B. and P.M.M. (eds. )]. (Ed.), In: Climate Change 2013: The Physical Science 
Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. 
Cambridge University Press, Cambridge, United Kingdom and New York, pp. 659–740. 
https://doi.org/10.1017/CBO9781107415324.018 

Nagy, R.C., Porder, S., Brando, P., Davidson, E.A., Figueira, A.M. e. S., Neill, C., Riskin, S., Trumbore, S., 2018. Soil 
Carbon Dynamics in Soybean Cropland and Forests in Mato Grosso, Brazil. J. Geophys. Res. Biogeosciences 
123, 18–31. https://doi.org/10.1002/2017JG004269 

O’Connell, A., Kousoulidou, M., Lonza, L., Weindorf, W., 2019. Considerations on GHG emissions and energy 
balances of promising aviation biofuel pathways. Renew. Sustain. Energy Rev. 101, 504–515. 
https://doi.org/10.1016/j.rser.2018.11.033 

Piccolo, G.A., Andriulo, A.E., Mary, B., 2008. Changes in soil organic matter under different land management in 
Misiones province (Argentina). Sci. Agric. 65, 290–297. https://doi.org/10.1590/S0103-90162008000300009 

Saffih-Hdadi, K., Mary, B., 2008. Modeling consequences of straw residues export on soil organic carbon. Soil 
Biol. Biochem. 40, 594–607. https://doi.org/10.1016/j.soilbio.2007.08.022 

Strullu, L., 2011. Nitrogen fluxes in a perennial energetic crop, Miscanthus x giganteus : experimental study and 
modelling elements. 

Strullu, L., Beaudoin, N., de Cortàzar Atauri, I.G., Mary, B., 2014. Simulation of Biomass and Nitrogen Dynamics 
in Perennial Organs and Shoots of Miscanthus × Giganteus Using the STICS Model. Bioenergy Res. 7, 1253–
1269. https://doi.org/10.1007/s12155-014-9462-4 

UNIFA, 1998. Chapter 1: Le Sol, in: La Fertilisation. UNIFA - Union des Industries de la Fertilisation (UNIFA), 
Union des Industries de la Fertilisation., pp. 1–78. 

Wiesmeier, M., Hübner, R., Dechow, R., Maier, H., Spörlein, P., Geuß, U., Hangen, E., Reischl, A., Schilling, B., 
Lützow, M. Von, Kögel-knabner, I., 2014. Estimation of past and recent carbon input by crops into 
agricultural soils of southeast Germany. Eur. J. Agron. 61, 10–23. https://doi.org/10.1016/j.eja.2014.08.001 

Wiesmeier, M., Spörlein, P., Geuß, U., Hangen, E., Haug, S., Reischl, A., Schilling, B., von Lützow, M., Kögel-
Knabner, I., 2012. Soil organic carbon stocks in southeast Germany (Bavaria) as affected by land use, soil 
type and sampling depth. Glob. Chang. Biol. 18, 2233–2245. https://doi.org/10.1111/j.1365-
2486.2012.02699.x 

Zabed, H., Sahu, J.N., Suely, A., Boyce, A.N., Faruq, G., 2017. Bioethanol production from renewable sources: 
Current perspectives and technological progress. Renew. Sustain. Energy Rev. 71, 475–501. 
https://doi.org/10.1016/j.rser.2016.12.076 

 


	1 Pre-treatment of techno-economic data for the coupling
	1.1 Details on the biomass commodities outputs from the techno-economic model
	1.2 Data on chemical composition of energy crops
	1.3 Computation of land occupation requirements
	1.4 Computation of final energy supply
	1.1.1 Biofuel supply and greenhouse gas emissions

	1.5 Computation of greenhouse gas emissions

	2 Soil organic carbon modelling
	2.1 Structure of the model
	2.2 Review mineralisation coefficient
	2.2.1 Soil texture, soil type and climate typology of France
	2.2.2 Calculated values for national crops
	2.2.3 Calculated values for imported soybean


	3 Calculation of plant carbon allocation and soil organic carbon inputs
	3.1.1 Relative plant C allocation coefficients
	3.1.2 Net primary productivity
	3.1.3 Details on exogenous inputs
	3.1.4 Correction factor for carbon inputs to the soil

	4 Computed time-dynamic soil organic carbon flows per management scenario
	4.1 Scenario 1: Aboveground, Belowground and Exogenous inputs
	4.2 Scenario 2: Aboveground carbon inputs only
	4.3 Scenario 3: Belowground carbon inputs only
	4.4 Scenario 4: Exogenous carbon inputs only
	4.1 Comparison of all scenarios

	5 Coupling results and sensitivity analysis
	5.1 Cumulative radiative forcing results at year 2119
	5.2 Sensitivity analysis on land occupation

	References

