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Introduction
The theoretical background of SALCA-erosion follows the revised universal soil loss equation (RUSLE) by Renard (1997). This equation considers the following six factors: rainfall erosivity (R), soil erodibility (K), slope length (L), slope steepness (S), cover and management (C), and support practice (P). The RUSLE model can be expressed by the following equation for the annual soil loss ea:

	 
	Eq. 1



where ea is the average annual soil loss [t ha-1], R is a rainfall erosivity factor [MJ mm ha‑1 h‑1], K is a soil erodibility factor [ t h MJ-1 mm-1], L and S are slope length and slope steepness factors, respectively (dimensionless), C is a land management factor (dimensionless), and P is a conservation practice factor (dimensionless). 
It predicts the long-term average and annual rate of erosion based on rainfall pattern, soil type, topography, crop system, and management practice.  The product of the factors R, K, L, and S describes potential soil erosion loss, while the factors C and P take into the account the effects of soil coverage and land management on erosion. Factor P in Eq. 1 characterizes soil loss changes related to specific support practices such as contour farming or stone walls (Renard 1997). 
Parameterisations of SALCAerosion are split into the site-dependent factors (R, K, L, and S), and the factor C that depends on the farmer’s management practices and crop composition. The site-dependent factors (R, K, L, and S) are estimated using tabulated values, depending on the soil type, the steepness of the plot, and the distance from the next open body of water. Further, the factors P and R are not considered in the computation and thus set to 1.
The computation of the crop composition factor C is based on tabulated standard values, supplemented by a number of correction factors to consider additional effects from the composition of the crop rotations and soil cultivation. The most important influencing parameters are the fraction of certain groups of cultivated main and catch crops and the frequency of reduced tillage techniques, such as strip sowing, no-till, or mulch sowing. Site dependence of the correction factors is accounted for by providing values for five predefined Swiss regions. 
A detailed description is given in the following sections.

Parameterization of Factor C

The computation of C is carried out in several steps. Permanent grassland is generally subject to low levels of erosion, thus resulting in small amounts of eroded soil (Milazzo et al. 2022); therefore C = 0 on permanent grassland. So the computation of the factor C only needs information from arable land. Generally the evaluation periods lasts from the harvest date of the previous crop to the harvest of the main crop. 

While the individual calculation steps remain the same, the associated tabulated C values and related correction terms differ for the following five regions (reg). These regions were defined by typical characteristics for the mean erosive effect of precipitation, the typical grain size composition of the most frequent soil types, and the typical humus contents.
(i) Plain region, western Swiss plateau (reg1)
(ii) Plain region, eastern and central Swiss plateau (reg2)
(iii) Hilly region,  eastern and central Swiss plateau (reg3)
(iv) Areas with primarily loess soils (reg4)
(v) Hilly region, Jura (reg5).

Step 1 to step 4 compute various (partly time-area weighted) fractions within the crop rotation that are necessary to compute the C factor and its adjustment (correction) factors based on look-up tables.

Step 1
Computation of the fraction (area-time weighted) of the following crop types (or groups of crops) in the crop rotation. Time weighting requires indication of the respective cultivation periods (date of sowing and harvest). We assume that the given inventory data represent a typical crop rotation. 
· ley and fallow (flf)
· winter grain and rapeseed (fwg)
· maize (fm)
· vegetables (fv)
· catch crops (fcc).

Step 2
Determination of the area-weighted fraction of crops belonging to group 1 (fgroup1) and group 2 (fgroup2). The fraction is given as dimensionless values in [0,1]. Group 1 comprises the following crops: corn, beets, soybean, sunflowers. Group 2 comprises the following crops: spring cereals, potatoes, field beans, protein peas, field vegetables. For simplicity, we ignore crops that contribute less than 5% to the farm’s total arable area. 

Step 3
Determination of the fraction of main crops with preceding catch crop (fmc_cc). This parameter is of utmost importance as cultivation of catch crops considerably reduces erosion compared to bare soil. In order to account for the time and area occupied by (erosion-prone) bare soil, again area weighting is applied.

Step 4
Computation of the fraction main crops sown using conservation tillage (direct sowing, mulch sowing, strip seeding) for maize and beets. This percentage fraction is abbreviated with fct.

Step 5
Based on the five percentage fractions flf, fwg, fgroup1, fgroup2, fmc_cc – as determined in steps 1-3  - preliminary C-factors Cpr are determined using look-up tables for the five above described regions reg:

	
	Eq. 2



In detail, different Cpr values are specified according to the following principles:

(i) Cpr values are specified for each region reg separately
(ii) Cpr values are differentiated for the following three cases: (i) fgroup1=0 AND fgroup2>0, (ii) fgroup2=0 AND fgroup1>0, and (iii) fgroup1 > 0 AND fgroup2>0. 
(iii) Distinction between flm_cc > 0.5 and flm_cc ≤0.5 (reduced erosion and thus lower Cpr is calculated if the fraction of catch crops is above 50%)
(iv) Different Cpr values are prescribed to flf x fwg classes.
flf contains the following seven classes: [0%,9%[, [9%,18%[, [18%,32%[, [33%,45%[, [45%,57%[, [57%,67%[, and >67%. 
fwg contains the following seven classes: [0%,10%[, [10%,32%[, [33%,45%[, [45%,57%[, [57%,68%[, [68%,86%[, and >86%.
Separate tabulated Cpr are provided for the case flf + fwg=100%, i.e. ley and fallow and winter grain and rapeseed already cover 100% of the crop rotation.
For monocultures of maize, vegetables, and straw-berries/beans, Cpr values are provided as a function of flm_cc and reg, i.e. 
Case (ii) accounts for the fact that crops belonging to group 1 (corn, beets, soy, sunflowers) are generally associated to higher erosion risks than crops from group 2 (summer cereals, potatoes, field beans, protein peas, field vegetables).

Step 5
Conservation tillage (direct sowing, mulch sowing, strip seeding) considerably reduces the erosion risk. This is considered by a correction term Ccorr = f(reg, fct) which is applied to Cpr to get Ceff, the effective C-factor (cf. Table 1):

	
	Eq. 3




Table 1: Correction terms Ccorr for the five regions reg and different ranges of fct (percentage fraction of maize and beet sown with conservation tillage). Definitions of the five regions reg1 to reg5  are given above.
	Conservation tillage
	Region

	 fraction fct [%]
	reg1
	reg2
	reg3
	reg4
	reg5

	[0,18%[
	0.1
	0.1
	0.1
	0.1
	0.1

	[18,33%[
	0.3
	0.4
	0.4
	0.4
	0.4

	[33,45%[
	0.5
	0.6
	0.6
	0.6
	0.6

	[45,57%[
	0.8
	0.8
	0.8
	0.9
	0.9

	[57,67%[
	1.3
	1.4
	1.4
	1.2
	1.2

	>67%
	1.7
	1.7
	1.7
	1.6
	1.6




Parameterization of site-dependent factors (R, K, L, and S)

The S factor depends on the mean gradient of the plot. Values for S are differentiated between the following four classes for the gradient g: (i) [3%,6%[, (ii) [6%,11%[, (iii) [11%,15%[ and (iv) g≥15%. No erosion is assumed for slopes with gradients below 3%.

The effect of the slope length (sl) on erosion is represented by the slope length factor L. Slope length is the distance from the origin of overland flow along its flow path to the location of either concentrated flow or deposition. Higher erosion is related to longer slopes due to increased runoff velocity on longer slope lengths (Meyer and Wischmeier 1969). The effect of slope length sl is accounted for by specifying different values for the following six slope length classes: (i) sl ≤50m, (ii) ]50m,100m], (iii) ]100m, 150m], (iv) ]150m, 200m], (v) ]200m, 300m], and (vi) sl > 300m.

The soil erodibility factor K, which represents the susceptibility of soil to erosion is mainly dependent on the grain size of the soil. In SALCAerosion, the impact of grain size (soil type) on erosion is accounted for by differentiating between the following four groups of grain size (gs) (i) clay (particles smaller than 0.002 mm), (ii) silt (0.002 to 0.05 mm in diameter), (iii) sand (0.05 to 2.0 mm in diameter) and (iv) loam. Loam is composed mostly of sand, silt, and a smaller amount of clay. 

Specification of the product of S, L and K are given in multidimensional look-up tables, differentiating the above given classes for the plot’s gradient (g), slope length sl and grain size gs. Further, different values are provided for the five above defined Swiss regions reg.
We illustrate the procedure by a “typical” example (Table 2). For detailed tables providing tabulated values for all the above described categories, the reader is referred to Oberholzer (2006). Inspecting the original look-up tables highlights, that for the three regions r1, r4  and r5, the specified values for the product do not depend on grain size. In contrast, for the regions r2 and r3, the product  for sand is assumed to be approximately 70% higher than for clay and 20% lower than for silt. 

Table 2: Product of the factors S, L and K for soil type sand and r1. r1 refers to the plain region, western Swiss plateau.
	
	Gradient g [%]

	Slope length sl  [m]
	[3%-6%[
	[6%-11%[
	[11%-15%[
	≥15%

	<=50m
	0.375
	1.25
	3.15
	6.06

	]50m, 100m]
	0.5
	1.83
	4.86
	8.94

	]100m, 150m]
	0.6625
	2.66
	7.04
	12.06

	[150m, 200m]
	0.825
	3.29
	8.63
	14.63

	[200m, 300m]
	0.95
	3.74
	10.31
	17.75

	>300m
	1.05
	3.95
	11.34
	19.56



For simplicity, the erosivity factor is set to R = 1, so ignoring effects from heavy precipitation events.

From the C factor and the site-dependent product  the mean amount of eroded soil from area erosion (ea,area) [t ha-1] is computed from

	
	Eq. 4



where Ceff is given in Eq. (3) and the product  are predefined fixed values derived as described earlier.

If information from visual inspection of the number (nrill), depth (drill) and wide of rills (wrill), so called rill erosion ea,rill can be considered, further increasing the amount of eroded soil. Rill erosion is a type of erosion that results in small, yet well defined streams. It happens when water from rainfall does not soak into the soil, but runs across it instead. A rill is a shallow channel cut into soil by the erosive action of flowing surface water. These rills are formed to the movement of (larger) water amounts by eroding soil particles from the sides and bottom of the flow path, which are mixed into the flowing water.
Table 3 provides estimated ea,rill depending on the four parameters nrill, drill, wrill, and frill. The latter depicts the temporal occurrence of rills. The parameter frill indicates how often rills are observed (frill =t means rills were observed every tth year). No differentiation between regions has been applied.

Table 3: Default values for annual rill erosion ea,rill. Unit:  [t ha-1].
drill  wrill denotes that the rills’ depth is similar to its width. The case drill << wrill denotes the situation where rills are distinctly wider than deep.
	
	frill (years)

	
	1
	2
	3
	4
	5

	

nrill=1

	drill < 0.15m
	drill  wrill
	1.0
	0.5
	0.3
	0.2
	0.1

	
	
	drill << wrill
	1.0
	0.5
	0.3
	0.2
	0.1

	
	0.15m ≤ drill ≤ 0.25m
	drill  wrill
	2.0
	1.0
	0.7
	0.5
	0.3

	
	
	drill << wrill
	2.0
	1.0
	0.7
	0.5
	0.3

	
	drill > 0.25m
	
	2.0
	1.0
	0.7
	0.5
	0.3

	nrill>1
	∀ rills: drill ≤ 0.15m
	
	2.5
	1.3
	0.8
	0.6
	0.4

	
	at least one rill with drill > 0.15m  
	
	5.0
	2.5
	1.8
	1.3
	0.7



Total annual soil erosion ea,tot in units [t ha-1] is then easily computed by the sum of the annual area erosion ea,area and annual rill erosion ea,rill:

	
	 Eq. 5



Discussion

The implemented erosion model does consider the factors most influencing soil erosion, such as the slope of the plot and the vegetation cover (approximated by percentage fractions of the different crop groups within a typical crop rotation). However, its application is largely limited to look-up tables, which are often tailored to Swiss conditions. Moreover, the classification – although optimal to reduce computation times – hides the continuous properties of the driving physical processes. Recent development such as detailed GIS-based soil erosion risk maps (Prasuhn et al. 2013) would certainly lead to a more accurate and state-of-the-art calculation of total eroded soil. 
Last but not least, future models should take into account wind erosion (Jarrah et al. 2020), where relevant.
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