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18 

ATMOSPHERE-OCEAN-BIOSPHERE-SOIL MODEL SIMULATIONS 19 

SoilGen (Finke and Hutson, 2008; Finke, 2012) simulates the change in soil properties as a 20 

function of initial material properties and external drivers such as climate, vegetation and 21 

faunal activity, relief and deposition or erosion processes. The model considers periods of 22 

millenniums, but takes time steps of maximally one hour. The flow of water, heat, gas and 23 

solutes is simulated by numerical solutions to partial differential equations (Richards’ 24 

equation, heat flow equation, gas diffusion equation, solute advection/dispersion equation).  25 
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Hereto soil profiles are discretized in 5-cm compartments. The essential relationships between 26 

pressure head, water content and hydraulic conductivity are dynamically parameterized using 27 

a prediction function (Wösten et al., 1999) which is based on the texture, organic matter 28 

content and bulk density. The fate of organic carbon input to the soil by vegetation is 29 

simulated per the concepts of the RothC26.3 model and was calibrated earlier (Yu et al., 2013).  30 

The depth distribution of texture evolves due to physical weathering of minerals and clay 31 

migration (Finke, 2012) and due to bioturbation (Finke and Hutson, 2008). Additionally, 32 

chemical weathering (Opolot and Finke, 2015) as well as organic matter decomposition 33 

release ions in the soil solution. These ions are distributed over precipitated, solution and 34 

exchange phases using a Gapon exchange mechanism and chemical equilibriums. The model 35 

can simulate the effect of human actions such as plowing, cropping schemes and fertilizing 36 

and can also accommodate the removal of top layers by erosion or addition by sedimentation, 37 

and it was concluded (Keyvanshokouhi et al., 2016) that SoilGen is suitable for the analysis of 38 

global change scenarios. 39 

 40 

The climate forcing (time series of vegetation and climate variables including monthly 41 

precipitation, temperature and potential evapotranspiration) for the SoilGen model is provided 42 

by LOVECLIM, a three-dimensional Earth system model of intermediate complexity (Goosse 43 

et al., 2010). In our study, the atmosphere, ocean-sea ice and terrestrial biosphere modules are 44 

interactively coupled with each other, the ice sheets being prescribed as present-day. The 45 

biosphere module computes the evolution of the vegetation cover described as a fractional 46 

distribution of desert, tree and grassland. LOVECLIM has been used to simulate the climates 47 

of the nine interglacials of the last 800 k.y. (Yin and Berger, 2015, 2012).   48 

 49 
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The climate and vegetation time series are simulated at a spatial resolution of 5.6°x5.6°. 50 

Monthly climate parameters were corrected for bias by comparing LOVECLIM-results to 51 

observations for the period 1971-2000. The simulated average temperature (T) for each month 52 

in MIS 5e and MIS 13 was corrected with the difference between observed and simulated 53 

values for 1971-2000. The monthly cumulative precipitation (P) and evaporation (EP) were 54 

corrected with the ratio between observed and simulated values. LOVECLIM-simulation 55 

results are in Fig.S2. Subsequently, T, P and EP were downscaled to the site scale, using 56 

either a difference or a ratio correction at the local scale, before input to SoilGen (Figs. S1a, 57 

S1d). The difference (T) or ratios (P and EP) were calculated using detailed maps of T (Liao, 58 

2007) and P (Hu, 2007) and the aridity map (EP/P; Feng et al., 2004). The areal fractions 59 

occupied by vegetation types are calculated with the bias-corrected LOVECLIM-climate, 60 

using the formulations of Goosse et al. (2010). These area fractions are downscaled to local 61 

vegetation types by assuming a relation between the aridity and the vegetation type (Fig.S1d). 62 

The current aridity at a site (red solid line) corresponds to a spatial probability level of the 63 

aridity distribution over the CLP (red solid line crosses the red dotted line at P=0.77). This 64 

probability level is compared to the spatial coverage fractions (equivalent to probability levels) 65 

for the vegetation types at any simulation year (green horizontal lines) to select the local 66 

vegetation type (thus, steppe in the example). Process constants in SoilGen were taken from 67 

literature, e.g. weathering rates (Goddéris et al., 2006; Fig.S1c). Additionally, for simulating 68 

the soils of MIS 13 and MIS 5e, parent material properties and dust deposition rates are 69 

required as input data. The influence of climate gradients, existing throughout the Quaternary 70 

(Feng et al., 2004; Hu, 2007; Liao, 2007) is assessed by simulating soil development for both 71 

interglacials at 6 locations along a northwest-southeast transect on the Chinese Loess Plateau 72 

(CLP) (Fig. S1a). The parent material properties (the major ones being texture, bulk density, 73 

calcite, gypsum, mineralogy) are obtained from available literature (Feng and Wang, 2006; 74 
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Han et al., 1998; Huang, 2011; Jeong et al., 2011; Lu and Sun, 2000; Shi et al., 2010; Sui, 75 

2007; Sun, 2007; Tang and He, 2002; Wenn et al., 1995; Yang and Ding, 2008; Yin, 2008; 76 

Zhao et al., 2008; Zheng et al., 1994). For each interglacial, we assumed the composition of 77 

the parent material and the dust to be equal. Mineralogical data were not available for all sites, 78 

but were remarkably constant (Jeong et al., 2011; Zheng et al., 1994), thus we took the values 79 

for the most nearby characterized site. Dust deposition rhythms over MIS 5e and MIS 13 were 80 

derived from Guo et al. (2009) at Xifeng and Changwu (Fig. S1b) and scaled to site-specific 81 

dust deposition rates using spatially distributed total dust addition data (Lu and Sun, 2000). 82 

Published porosity data for MIS 13 (Yin, 2008), when converted to bulk densities, suggest 83 

little compaction by later burial and thus we need not consider differences between MIS 5e 84 

and MIS 13 properties in terms of the bulk density of the deposited loess. Additionally, 85 

simulations stop at the end of the interglacial, before burial starts. 86 

 87 

 88 
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 89 

 90 

Figure S1 Research layout (A) and approaches to obtain input data for SoilGen: (B) measured 91 

dust addition rhythm (Guo et al., 2009); (C) literature weathering rates as function of soil pH 92 

for different minerals in the loess (Goddéris et al., 2006); (D) method to downscale vegetation 93 

type from regional area estimate by LOVECLIM-VECODE to location-specific type, using 94 

the current aridity distribution. 95 
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 96 

Figure S2 Simulation results by LOVECLIM averaged over the CLP (105-115°E, 30-40°N), 97 

after bias correction and displayed per millennium. (A) Annual mean temperature; (B) months 98 

with a precipitation surplus; (C) annual mean precipitation; (D) vegetation coverage by steppe 99 

and forest relative to the present situation. 100 

 101 
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