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1 Introduction
This document describes the modelling of nitrate leaching from agricultural land in SALCA. It uses as inputs the data on crop and field management, the N contents of farmyard manure calculated by SALCAanimal and the N losses calculated in SALCAfieldN. 
2 [bookmark: _Toc379816145][bookmark: _Toc298678065]Nitrate leaching modelling
2.1 Overview
The model SALCAnitrate calculates the expected nitrate leaching from arable crops, meadows and pasture land. It considers N mineralisation from the soil organic matter, crop rotation, soil cultivation, N fertilization as well as N uptake by the plants and various soil characteristics, like the humus or clay content. The calculation is based on the monthly difference between the amount of N mineralised in the soil (from soil organic matter and crop residues) and the N uptake by the plants (Fig. 1). The nitrate leaching risk from fertiliser application varies in function of the month of N application. The previous version of the model has been described by Richner et al. (2014). Here we present an updated version, integrated into the SALCAfuture framework. Nitrate emissions from grazing animals are calculated and described in Online Resource 6 (ESM_6_SALCAanimal). 
The total expected nitrate leaching of an arable crop is assessed by the sum of the monthly N surplus values within the assessment period starting after the harvest of the previous crop and ending in the month of harvesting of the given crop.
The model SALCAnitrate calculates the expected nitrate leaching as a monthly balance of the following inputs (Fig. 1):
· Nitrogen mineralisation from the soil organic matter and crop residues
· Nitrogen input from fertiliser application
And as output:
· Nitrogen uptake by vegetation, if a crop is present. These figures are adapted by a number of correction factors (see Fig. 1).
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[bookmark: _Ref129004760]Fig. 1: Schematic representation of SALCAnitrate for the example of a winter wheat crop.
2.2 [bookmark: _Ref29702298]Nitrogen mineralisation
N mineralisation depends on the following factors:
· Month of the year: N mineralisation is highest in late summer and early autumn, when the soil is warmed up, and lowest or zero in winter. 
· Region: three regions are distinguished (valley, hills and mountains) representing different climates, notably different temperature curves. The monthly values for N mineralisation are given in Tab. 1 for the valley region, Tab. 2 for the hill region and Tab. 3 for the mountain region.
· Humus content: the soil organic matter (SOM) contains large amounts of N; consequently, the amount of N from mineralisation of SOM increases with the humus content (see Chapter 2.2.1). As the humus content is given in percent of mass, the N mineralisation rate is corrected for the bulk density (see Chapter 2.2.7).
· Clay content: N mineralisation decreases with higher clay contents (i.e. is lower on heavier soils, see Chapter 2.2.1).
· Land use type: arable soil are biologically more active than permanent grassland soils, mainly due to regular soil tillage. SALCAnitrate takes this into account by assuming lower N mineralisation rates on grassland than on arable land. Within permanent grassland, we further distinguish between intensive, medium intensive, and extensive management, the mineralisation decreases for a lower management intensity (see Chapter 2.2.6).
· Organic manure supply: The N mineralisation from soil organic matter is further corrected for the average stocking rate, in order to reflect the conditions in farms with livestock. The mineralisation of organic manure takes place over several years. The basic values of nitrogen mineralisation which refer to 1 livestock unit (LU)/ha linearly decrease or increase with the stocking rate by 10% per 1 LU/ha. (see Chapter 2.2.3)
· Previous crop effects: N mineralisation further depends on the previous crop due to crop residues remaining in the field or incorporated into the soil. The rate of N mineralisation is increased for a period of four to eight months (Richner et al. 2014), hereby the winter months without mineralisation (December to February) are skipped and not counted. The rate and duration of the increase depends on the previous crop. We distinguish permanent grassland, temporary grassland of different duration, grain legumes, overwintering green manure, and incorporation of sugar beet leaves into the soil (see Chapter 2.2.4).
· Soil tillage: intensive soil tillage leads to mixing of soil particles and aeration of the soil and therefore increases soil mineralisation. This effect is considered in the month when the soil tillage occurs (see Chapter 2.2.5).

The amount of N mineralisation in the soil is based on experimental data, comparing the concentration of mineral N in autumn and in spring, combined with the calculated N uptake of the crop and the amount of N fertiliser applied (see details in Richner et al. 2014). The temporal dynamics of N mineralisation was calculated with the help of the simulation models Nsim (Balmer et al. 1993, 1995, 2000), Expert-N (Priesack and Engel 1993; Baldioli et al. 1995, 1999), MINERVA (Beblik 1996), CANDY (Franco et al. 1995) as described in (Richner et al. 2014). The model of Riedo et al. (1998) was used to adapt the mineralisation rate to the hill and mountain region. The main systematic difference between the regions lies in the temperature. The monthly mean temperatures of selected weather stations were used as model inputs. The weather stations were selected in the respective production regions, by considering stations within the agricultural production areas (as opposed e.g. to forests, mountain tops).
[bookmark: _Ref129005055][bookmark: _Ref129005049]Tab. 1: N mineralisation in the valley region (kg N ha-1 year-1). 
	Month
	Standard
	With intensive tillage
	Permanent grassland intensive, termporary grassland >9 months
	Permanent grassland medium intensive
	Permanent grassland extensive

	Jan
	0.00
	0.00
	0.00
	0.00
	0.00

	Feb
	0.00
	0.00
	0.00
	0.00
	0.00

	Mar
	5.79
	9.59
	4.83
	3.37
	2.59

	Apr
	9.10
	15.10
	7.59
	5.29
	4.06

	May
	11.59
	19.19
	9.66
	6.74
	5.17

	Jun
	14.90
	24.70
	12.41
	8.66
	6.65

	Jul
	17.38
	28.88
	14.48
	10.10
	7.76

	Aug
	20.69
	34.39
	17.24
	12.03
	9.24

	Sep
	23.17
	38.47
	19.31
	13.47
	10.34

	Oct
	11.59
	19.19
	9.66
	6.74
	5.17

	Nov
	5.79
	9.59
	4.83
	3.37
	2.59

	Dec
	0.00
	0.00
	0.00
	0.00
	0.00



[bookmark: _Ref129005057]Tab. 2: N mineralisation in the hill region (kg N ha-1 year-1). 
	Month
	Standard
	With intensive tillage
	Permanent grassland intensive, termporary grassland >9 months
	Permanent grassland medium intensive
	Permanent grassland extensive

	Jan
	0.00
	0.00
	0.00
	0.00
	0.00

	Feb
	0.00
	0.00
	0.00
	0.00
	0.00

	Mar
	2.50
	4.20
	2.08
	1.45
	1.12

	Apr
	6.67
	11.07
	5.56
	3.88
	2.98

	May
	11.67
	19.37
	9.72
	6.78
	5.21

	Jun
	16.67
	27.67
	13.89
	9.69
	7.44

	Jul
	17.50
	29.10
	14.58
	10.17
	7.81

	Aug
	17.50
	29.10
	14.58
	10.17
	7.81

	Sep
	20.83
	34.53
	17.36
	12.11
	9.30

	Oct
	10.83
	17.93
	9.03
	6.30
	4.84

	Nov
	5.83
	9.63
	4.86
	3.39
	2.60

	Dec
	0.00
	0.00
	0.00
	0.00
	0.00


[bookmark: _Ref129005059]
[bookmark: _Ref132113439]Tab. 3: N mineralisation in the mountain region (kg N ha-1 year-1). 
	Month
	Standard
	With intensive tillage
	Permanent grassland intensive, termporary grassland >9 months
	Permanent grassland medium intensive
	Permanent grassland extensive

	Jan
	0.00
	0.00
	0.00
	0.00
	0.00

	Feb
	0.00
	0.00
	0.00
	0.00
	0.00

	Mar
	1.67
	2.77
	1.39
	0.97
	0.74

	Apr
	3.33
	5.53
	2.78
	1.94
	1.49

	May
	10.83
	17.93
	9.03
	6.30
	4.84

	Jun
	19.17
	31.87
	15.97
	11.14
	8.56

	Jul
	15.83
	26.23
	13.19
	9.21
	7.07

	Aug
	15.00
	24.90
	12.50
	8.72
	6.70

	Sep
	17.50
	29.10
	14.58
	10.17
	7.81

	Oct
	7.50
	12.50
	6.25
	4.36
	3.35

	Nov
	0.83
	1.33
	0.69
	0.48
	0.37

	Dec
	0.00
	0.00
	0.00
	0.00
	0.00



2.2.1 [bookmark: _Ref129276407]Calculation of the corrected N mineralisation rate
The monthly N mineralisation rate is calculated by the default values given in Tab. 1, Tab. 2, or Tab. 3 and four correction factors:

	Nmin m = Nmin md * corrhc * corrLU * corrCR * corrdens
	Eq. 1



Nmin m 	= mineralisation for month m [kg N ha-1]
Nmin md 	= default mineralisation for month m [kg N ha-1] from from Tab. 1, Tab. 2, or Tab. 3 according to the region, type of land use and the presence or absence of intensive soil tillage in the respective month
corrhc, corrLU, corrCR, and corrdens are the dimensionless correction factors for humus and clay contents (Eq. 2), livestock density on the farm (Eq. 3), crop residues from the previous crop (Tab. 4), and the bulk density (Eq. 4). The correction factors are explained in the following.
2.2.2 Correction for humus and clay contents
With increasing clay content, the pore volume of the soil and consequently the oxygen supply for the microorganisms usually decreases. In addition, heavier soils warm up more slowly in spring than lighter soils. On the other hand, heavier soils usually have a higher content of organic carbon (humus), but this carbon is mineralised at a lower rate. Richner et al. (2014) provided a table to correct the mineralisation rate for different levels of humus and clay contents. In order to avoid big steps in the mineralisation rate for small changes in humus and clay contents, we derived the following formula. It approximates the values from Richner et al. (2014) reasonably well:

	corrhc		= 1+(humus-2)*(0.04-0.001*(clay-15))-0.01*(clay-15)
humus <= 15%
clay <= 50%
	[bookmark: _Ref129078233]Eq. 2


Where
corrhc	= correction factor for humus and clay contents [-]. Values >1 mean an increased, values <1 a decreased rate of mineralisation.
humus 	= humus content of the topsoil 0-20 cm [%]. The values are truncated at 15% as the model was developed and calibrated only for mineral soils.
clay 	= clay content of the topsoil 0-20 cm [%]. The values are truncated at 50%.

On the one hand, the mineralisation rate decreases by 1% for an increase of 1% in clay content. At the same time, the rate of increase for higher humus contents decreases for higher clay contents: 4% at 15% clay, 3% at 25% clay, 2% at 35% clay and 1% at 45% clay (Fig. 2). Note that the model was designed for humus contents up to 15%.
 
[image: ]
[bookmark: _Ref129329332]Fig. 2: Correction corrhc of the monthly N mineralisation rate for the humus and clay contents. Cl15 to Cl45 = clay contents of 15, 25, 35 and 45%, respectively. "o" = original model of Richner et al. (2014), "m" = new model (Eq. 2).

2.2.3 [bookmark: _Toc255821738][bookmark: _Toc269126249][bookmark: _Toc269126286][bookmark: _Toc269126739][bookmark: _Toc320884309][bookmark: _Toc391022764][bookmark: _Ref129276515]Farmyard manure use / livestock density
With the regular use of farmyard manure, organic matter that contains N is added to the soil, which is mineralised in the medium and long term and thus increases the N mineralisation rate. As an approximation for long-term use of farmyard manure, the amount of N from organic manure is translated into livestock units (LU). 
Based on the data in Table 40 from (Flisch et al. 2009) and Nmin values from Bavaria, Germany (Hege, 2006, Raschbacher and Offenberger, 2006), a correction of N mineralisation was derived for frequent use of farmyard manure: for each LU ha-1, the N mineralisation rate increases by 10 %. The mineralisation rate is higher than the default value for >1 LU ha-1 and lower below this threshold (Eq. 3, Fig. 3). 1 LU corresponds to a total excretion of 112 kg N cow-1 year-1 (Richner et al. 2017). For more details see (Richner et al. 2014).
	corrLU = 1.0+0.1*(LU-1.0)

	[bookmark: _Ref129078261]Eq. 3


corrLU = correction factor for the livestock units (LU) on farm [-]

[image: ]
[bookmark: _Ref129330082]Fig. 3: Correction factor corrLU for livestock density (LU = livestock unit).
2.2.4 [bookmark: _Toc255821739][bookmark: _Toc269126250][bookmark: _Toc269126287][bookmark: _Toc269126740][bookmark: _Toc320884310][bookmark: _Toc391022765][bookmark: _Ref129276528]Crop rotation / previous crop
The incorporation of crop residues of certain crops leads to increased N mineralisation rates. The duration of this effect is assumed to last four to eight months, depending on the crop. Hereby, the months with no mineralisation are skipped, which applies to the winter months December, January and February (see Tab. 1, Tab. 2, and Tab. 3).
[bookmark: _Ref129072557][bookmark: _Toc272235527]The tillage of permanent or temporary grassland as well as the incorporation of green manure (catch crops) and crop residues from certain crops adds additional organic material to the soil. As a result, the microorganisms mineralise more nitrogen, which is taken into account by a correction factor for the mineralisation rate (Tab. 4). The rates of increase and the duration of the effect depend on the previous crop. For example, after tillage of permanent grassland, the mineralisation rate is increased by 28% for eight months. If the winter months December-February fall within this period, then the increase of 28% is counted during 8+3=11 months. For more details see (Richner et al. 2014).

[bookmark: _Ref129078287]Tab. 4: Correction of N mineralisation rates due to incorporation of crop residues (corrCR).
	Crop residues
	Duration (months)
	corrCR

	Tillage of permanent grassland, temporary grassland of ≥ 3 years
	8
	1.28

	Tillage of temporary grassland of 1-2 years or fallows
	8
	1.14

	Grain legumes (main crops and green manures)
	6
	1.21

	Winter-hard green manures (no legumes)[footnoteRef:1] [1:  In case of not overwintering green manure, no increase is assumed.] 

	4
	1.21

	Sugar beet leaves (incorporated)
	4
	1.43



2.2.5 [bookmark: _Ref129276443]Soil tillage
Intensive tillage increases N mineralisation from soil organic matter in the short term, because of the aeration and mixing of the soil. The increase is not linear; it follows the general course of the microbiological activity of a soil during the vegetation period (Walther and Jäggi 1993) as a function of soil temperature and water content under Swiss climatic conditions. The machinery and field work processes considered as intensive soil tillage methods are given in Tab. 5. For the months with intensive tillage, the N mineralisation rates from Tab. 1, Tab. 2, or 
Tab. 3, column "With intensive tillage" apply. In these months, the N mineralisation is increased by 66%.
[bookmark: _Ref129073573]Tab. 5: Machinery and field work processes considered as intensive tillage
	Soil tillage: spading machine

	Soil tillage: ploughing

	Soil cultivation: rotary tiller with bar crumbler

	Soil cultivation: rotary harrow with packer roller

	Sowing combination: wing coulter + PTO harrow + seed drill

	Sowing combination: PTO harrow + seed drill

	Soil cultivation: soil separator for potatoes

	Harvest: potato harvester

	Harvest: front-mounted defoliator

	Harvest: beet harvester

	Vineyard: rotary tiller

	Vineyard: rotary harrow

	Vineyard: spading machine



2.2.6 [bookmark: _Ref129276497]Land use type
The standard N mineralisation rate was derived for arable land with regular soil tillage. In the absence of tillage in permanent grassland, N mineralisation is lower as compared to arable land with frequent tillage. In addition, extensive permanent grassland is usually located on sites that do not allow for more intensive cultivation due to limitations in the depth of the soil, climatic conditions, or soil type. These characteristics generally lead to reduced N mineralisation. This is taken into account in the model by reducing the N mineralisation for permanent grassland by a factor of 1.2 for intensive (83% of default), 1.72 (58% of default) for medium-intensive and 2.24 (45% of default) for extensive permanent grassland (definitions according to Richner et al. 2017). Temporary grassland is counted as arable land during the first 9 months after installation and as permanent grassland thereafter.

2.2.7 [bookmark: _Ref132365825]Bulk density
Furthermore, the N mineralisation rate is corrected by the bulk density of the soil. Since the humus content is given in %, a higher bulk density results in a higher amount of N in a field of 1 hectare. Therefore, the N mineralisation rate is further corrected by the bulk density, using 1350 kg m-3 as default value:
	corrdens = dens/1350
	[bookmark: _Ref129078323]Eq. 4



corrdens	= correction factor for bulk density [-]
dens		= bulk density of the soil [kg m-3]

This factor is new compared to Richner et al. (2014).
2.3 Nitrogen uptake
In the next step, the N uptake by the crop is calculated. If no crop is present in a month, the N uptake is 0. N uptake by weeds is not taken into account.
2.3.1 N uptake of arable crops and grassland
The total N uptake is estimated from the actual yield, the standard yield and the standard N uptake according to Richner et al. (2017). The standard N uptake in turn is calculated from the standard yield and the N concentration in the harvested products.
The total N uptake of the crop is given by:
	Nupt 		= 1.1 * Nupts * 0.8 * (Y/Ys – 1)
	[bookmark: _Ref129331187]Eq. 5



Nupt		= N uptake of the crop [kg N ha-1]
Nupts		= N uptake of a crop with the standard yield according to (Richner et al. 2017) [kg N ha-1]. This includes the main product as well as co-products.
Y		= yield of the crop [kg/ha]
Ys		= standard yield of the crop according to (Richner et al. 2017) [kg/ha]

The standard N uptake is increased by 10% (factor 1.1 in Eq. 5) to account for additional N contained in roots and crop residues, which are not considered in Richner et al. (2017). The factor of 0.8 considers the fact that a change in yield of 1% implies a change in N uptake of only 0.8% (Richner et al. 2014). 
For grain legumes, we assume that 60% of the N uptake stem from symbiotic N fixation and only 40% are effectively taken up from soil N. For grassland, the N from symbiotic fixation by legumes is subtracted from the total N uptake according to the share of legumes in the vegetation.
Then, the total N uptake is distributed between the different months. For this purpose, the dynamics of the N uptake by the crop were simulated with the model STICS (Brisson et al. 2003) with a high temporal resolution (100 time steps from sowing to physiological maturity of the crop in question (see Richner et al. 2014 for details). These N uptake functions were determined for grass, protein peas, barley, potatoes, maize, rapeseed, soy beans, sunflower, wheat and sugar beet. The standard yield and corresponding standard N uptake were taken from Richner et al. (2017). Tab. 6 gives the relative N uptake curves derived from these simulations. N uptake by other crops was approximated by these functions or by combinations of them (see Richner et al. 2014). 

[bookmark: _Ref129096485]Tab. 6: Relative N uptake by crop type. Example: for a summer wheat 9.5% of the N is taken up after achieving 18.0% of the growing degree days (GDD).
[image: ]

[image: ]

The growing-degree-day (GDD) curves for the selected region and for the base temperature of the crop (Tab. 7) were calculated from climate data for the years 1981-2003 (MeteoSchweiz, https://www.meteoschweiz.admin.ch/klima.html), for 25 stations in the valley region, 8 in the hill region, and 18 in the mountain region.
The N uptake per month is calculated in several steps:
1. The date of physiological maturity is calculated, which is the date with the maximum total N uptake. It is estimated that physiological maturity is reached 14 days before harvest.
2. Using the sowing date and the growing-degree-day curve for each region and for the base temperature of the crop (Tab. 7), the GDD sum until physiological maturity is calculated.
3. From the relative N uptake curves in Tab. 6 and the GDD curves from Tab. 7, the fraction of N uptake in each month is calculated.
4. This fraction is multiplied with the total N uptake Nupt (Eq. 4) to yield the N uptake per month.

[bookmark: _Ref129095990]Tab. 7: Growing degree days (GDD) for different base temperatures for the valley, hill and mountain regions: 10 °C (for maize and other crops with high temperature requirements), 7.5 °C (for potato, sunflower and crops with moderate temperature requirements), 0°C (for meadows), 5 °C (for all other crops). Source: Richner et al. (2014), Chapter 5.3. Example: for a base temperature of 5°C in the hill region 10 GDDs are added to the GDD sum on 31 May (151th day of the year).
	Region
	Valley
	Hill
	Mountain

	Base temperature
	0°C
	5°C
	7.5°C
	10°C
	0°C
	5°C
	7.5°C
	10°C
	0°C
	5°C
	7.5°C

	Day
	Month [1-12]
	Day of year
	
	
	
	
	
	
	
	
	
	
	

	1
	1
	1
	1.7
	0.0
	0.0
	0.0
	1.7
	0.0
	0.0
	0.0
	0.9
	0.0
	0.0

	2
	1
	2
	2.1
	0.0
	0.0
	0.0
	2.0
	0.0
	0.0
	0.0
	0.6
	0.0
	0.0

	3
	1
	3
	2.2
	0.0
	0.0
	0.0
	1.9
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0

	4
	1
	4
	2.0
	0.0
	0.0
	0.0
	1.6
	0.0
	0.0
	0.0
	0.3
	0.0
	0.0

	5
	1
	5
	2.0
	0.0
	0.0
	0.0
	1.8
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0

	6
	1
	6
	2.0
	0.0
	0.0
	0.0
	2.1
	0.0
	0.0
	0.0
	0.4
	0.0
	0.0

	7
	1
	7
	1.8
	0.0
	0.0
	0.0
	1.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	8
	1
	8
	1.5
	0.0
	0.0
	0.0
	1.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	9
	1
	9
	1.5
	0.0
	0.0
	0.0
	1.4
	0.0
	0.0
	0.0
	0.2
	0.0
	0.0

	10
	1
	10
	1.7
	0.0
	0.0
	0.0
	1.7
	0.0
	0.0
	0.0
	0.5
	0.0
	0.0

	11
	1
	11
	1.8
	0.0
	0.0
	0.0
	1.7
	0.0
	0.0
	0.0
	0.6
	0.0
	0.0

	12
	1
	12
	1.3
	0.0
	0.0
	0.0
	1.3
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0

	13
	1
	13
	1.3
	0.0
	0.0
	0.0
	1.2
	0.0
	0.0
	0.0
	0.4
	0.0
	0.0

	14
	1
	14
	1.3
	0.0
	0.0
	0.0
	1.2
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0

	15
	1
	15
	1.4
	0.0
	0.0
	0.0
	1.3
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0

	16
	1
	16
	1.4
	0.0
	0.0
	0.0
	1.3
	0.0
	0.0
	0.0
	0.8
	0.0
	0.0

	17
	1
	17
	1.7
	0.0
	0.0
	0.0
	1.7
	0.0
	0.0
	0.0
	0.8
	0.0
	0.0

	18
	1
	18
	1.7
	0.0
	0.0
	0.0
	1.6
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0

	19
	1
	19
	1.6
	0.0
	0.0
	0.0
	1.4
	0.0
	0.0
	0.0
	0.8
	0.0
	0.0

	20
	1
	20
	1.7
	0.0
	0.0
	0.0
	1.4
	0.0
	0.0
	0.0
	0.4
	0.0
	0.0

	21
	1
	21
	1.7
	0.0
	0.0
	0.0
	1.4
	0.0
	0.0
	0.0
	0.4
	0.0
	0.0

	22
	1
	22
	1.8
	0.0
	0.0
	0.0
	1.8
	0.0
	0.0
	0.0
	0.8
	0.0
	0.0

	23
	1
	23
	2.0
	0.0
	0.0
	0.0
	1.9
	0.0
	0.0
	0.0
	1.1
	0.0
	0.0

	24
	1
	24
	2.0
	0.0
	0.0
	0.0
	1.8
	0.0
	0.0
	0.0
	0.9
	0.0
	0.0

	25
	1
	25
	2.0
	0.0
	0.0
	0.0
	1.8
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0

	26
	1
	26
	2.1
	0.0
	0.0
	0.0
	1.8
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0

	27
	1
	27
	1.9
	0.0
	0.0
	0.0
	1.5
	0.0
	0.0
	0.0
	0.5
	0.0
	0.0

	28
	1
	28
	2.4
	0.0
	0.0
	0.0
	2.2
	0.0
	0.0
	0.0
	0.9
	0.0
	0.0

	29
	1
	29
	1.9
	0.0
	0.0
	0.0
	1.9
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0

	30
	1
	30
	1.9
	0.0
	0.0
	0.0
	1.6
	0.0
	0.0
	0.0
	1.0
	0.0
	0.0

	31
	1
	31
	1.7
	0.0
	0.0
	0.0
	1.5
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0

	1
	2
	32
	2.1
	0.0
	0.0
	0.0
	1.9
	0.0
	0.0
	0.0
	1.2
	0.0
	0.0

	2
	2
	33
	2.1
	0.0
	0.0
	0.0
	2.1
	0.0
	0.0
	0.0
	1.4
	0.0
	0.0

	3
	2
	34
	2.8
	0.3
	0.0
	0.0
	2.6
	0.1
	0.0
	0.0
	1.5
	0.0
	0.0

	4
	2
	35
	2.6
	0.1
	0.0
	0.0
	2.6
	0.1
	0.0
	0.0
	1.3
	0.0
	0.0

	5
	2
	36
	2.7
	0.2
	0.0
	0.0
	2.7
	0.2
	0.0
	0.0
	1.3
	0.0
	0.0

	6
	2
	37
	2.8
	0.3
	0.0
	0.0
	2.6
	0.1
	0.0
	0.0
	0.8
	0.0
	0.0

	7
	2
	38
	3.0
	0.5
	0.0
	0.0
	2.9
	0.4
	0.0
	0.0
	1.4
	0.0
	0.0

	8
	2
	39
	2.8
	0.3
	0.0
	0.0
	2.5
	0.0
	0.0
	0.0
	1.2
	0.0
	0.0

	9
	2
	40
	2.9
	0.4
	0.0
	0.0
	2.5
	0.0
	0.0
	0.0
	1.2
	0.0
	0.0

	10
	2
	41
	2.7
	0.2
	0.0
	0.0
	2.3
	0.0
	0.0
	0.0
	0.8
	0.0
	0.0

	11
	2
	42
	2.3
	0.0
	0.0
	0.0
	2.0
	0.0
	0.0
	0.0
	0.5
	0.0
	0.0

	12
	2
	43
	2.3
	0.0
	0.0
	0.0
	2.2
	0.0
	0.0
	0.0
	0.6
	0.0
	0.0

	13
	2
	44
	2.3
	0.0
	0.0
	0.0
	1.9
	0.0
	0.0
	0.0
	0.4
	0.0
	0.0

	14
	2
	45
	2.2
	0.0
	0.0
	0.0
	1.7
	0.0
	0.0
	0.0
	0.5
	0.0
	0.0

	15
	2
	46
	2.2
	0.0
	0.0
	0.0
	1.9
	0.0
	0.0
	0.0
	0.9
	0.0
	0.0

	16
	2
	47
	2.2
	0.0
	0.0
	0.0
	1.8
	0.0
	0.0
	0.0
	0.7
	0.0
	0.0

	17
	2
	48
	2.1
	0.0
	0.0
	0.0
	1.7
	0.0
	0.0
	0.0
	0.2
	0.0
	0.0

	18
	2
	49
	2.1
	0.0
	0.0
	0.0
	1.8
	0.0
	0.0
	0.0
	0.6
	0.0
	0.0

	19
	2
	50
	2.3
	0.0
	0.0
	0.0
	1.9
	0.0
	0.0
	0.0
	0.8
	0.0
	0.0

	20
	2
	51
	2.6
	0.1
	0.0
	0.0
	2.1
	0.0
	0.0
	0.0
	1.0
	0.0
	0.0

	21
	2
	52
	2.8
	0.3
	0.0
	0.0
	2.4
	0.0
	0.0
	0.0
	1.0
	0.0
	0.0

	22
	2
	53
	2.8
	0.3
	0.0
	0.0
	2.3
	0.0
	0.0
	0.0
	0.8
	0.0
	0.0

	23
	2
	54
	2.8
	0.3
	0.0
	0.0
	2.4
	0.0
	0.0
	0.0
	0.8
	0.0
	0.0

	24
	2
	55
	2.8
	0.3
	0.0
	0.0
	2.4
	0.0
	0.0
	0.0
	0.9
	0.0
	0.0

	25
	2
	56
	3.4
	0.9
	0.0
	0.0
	3.2
	0.7
	0.0
	0.0
	1.6
	0.0
	0.0

	26
	2
	57
	3.5
	1.0
	0.0
	0.0
	3.2
	0.7
	0.0
	0.0
	1.5
	0.0
	0.0

	27
	2
	58
	3.7
	1.2
	0.0
	0.0
	3.5
	1.0
	0.0
	0.0
	1.6
	0.0
	0.0

	28
	2
	59
	4.0
	1.4
	0.2
	0.0
	3.7
	1.2
	0.0
	0.0
	1.7
	0.0
	0.0

	1
	3
	60
	4.3
	1.5
	0.3
	0.0
	3.8
	1.2
	0.0
	0.0
	2.0
	0.0
	0.0

	2
	3
	61
	4.3
	1.4
	0.1
	0.0
	3.6
	1.0
	0.0
	0.0
	1.7
	0.0
	0.0

	3
	3
	62
	3.9
	1.2
	0.0
	0.0
	3.5
	1.0
	0.0
	0.0
	1.5
	0.0
	0.0

	4
	3
	63
	3.9
	1.4
	0.1
	0.0
	3.8
	1.3
	0.1
	0.0
	1.7
	0.0
	0.0

	5
	3
	64
	4.3
	1.8
	0.6
	0.0
	4.1
	1.6
	0.3
	0.0
	2.1
	0.0
	0.0

	6
	3
	65
	4.3
	1.8
	0.6
	0.0
	3.8
	1.3
	0.1
	0.0
	2.1
	0.0
	0.0

	7
	3
	66
	5.0
	2.1
	0.9
	0.0
	4.5
	1.9
	0.6
	0.0
	2.5
	0.0
	0.0

	8
	3
	67
	5.1
	2.2
	1.0
	0.0
	4.7
	2.1
	0.8
	0.0
	2.6
	0.1
	0.0

	9
	3
	68
	5.4
	2.5
	1.3
	0.0
	4.8
	2.2
	1.0
	0.0
	2.6
	0.1
	0.0

	10
	3
	69
	6.1
	3.2
	1.9
	0.7
	5.4
	2.7
	1.4
	0.2
	3.3
	0.8
	0.0

	11
	3
	70
	6.3
	3.3
	2.0
	0.8
	5.9
	3.0
	1.8
	0.5
	3.6
	1.1
	0.0

	12
	3
	71
	6.4
	3.2
	1.9
	0.7
	5.9
	2.9
	1.6
	0.4
	3.6
	1.1
	0.0

	13
	3
	72
	5.8
	2.8
	1.5
	0.3
	5.4
	2.5
	1.2
	0.0
	2.9
	0.4
	0.0

	14
	3
	73
	5.8
	2.5
	1.3
	0.0
	5.3
	2.3
	1.1
	0.0
	2.7
	0.2
	0.0

	15
	3
	74
	6.2
	2.6
	1.4
	0.1
	5.6
	2.4
	1.1
	0.0
	2.8
	0.3
	0.0

	16
	3
	75
	6.6
	3.0
	1.8
	0.5
	5.9
	2.7
	1.5
	0.2
	2.9
	0.4
	0.0

	17
	3
	76
	6.1
	2.7
	1.4
	0.2
	5.7
	2.4
	1.1
	0.0
	2.7
	0.2
	0.0

	18
	3
	77
	6.6
	3.0
	1.7
	0.5
	6.2
	2.7
	1.4
	0.2
	2.8
	0.3
	0.0

	19
	3
	78
	6.3
	2.7
	1.4
	0.2
	5.8
	2.5
	1.2
	0.0
	2.7
	0.2
	0.0

	20
	3
	79
	6.4
	2.9
	1.7
	0.4
	5.9
	2.6
	1.3
	0.1
	3.1
	0.6
	0.0

	21
	3
	80
	7.3
	3.6
	2.4
	1.1
	6.9
	3.4
	2.1
	0.9
	3.4
	0.9
	0.0

	22
	3
	81
	7.4
	3.4
	2.2
	0.9
	7.0
	3.3
	2.1
	0.8
	3.3
	0.8
	0.0

	23
	3
	82
	6.9
	3.1
	1.9
	0.6
	6.2
	2.8
	1.5
	0.3
	3.1
	0.6
	0.0

	24
	3
	83
	8.0
	3.9
	2.7
	1.4
	7.7
	3.9
	2.6
	1.4
	3.9
	1.4
	0.0

	25
	3
	84
	7.5
	3.6
	2.3
	1.1
	7.3
	3.6
	2.3
	1.1
	3.5
	1.0
	0.0

	26
	3
	85
	7.1
	3.2
	2.0
	0.7
	6.7
	3.0
	1.7
	0.5
	3.1
	0.6
	0.0

	27
	3
	86
	6.8
	3.3
	2.1
	0.8
	6.2
	3.0
	1.8
	0.5
	3.2
	0.7
	0.0

	28
	3
	87
	6.6
	3.1
	1.9
	0.6
	6.1
	2.9
	1.6
	0.4
	2.9
	0.4
	0.0

	29
	3
	88
	6.9
	3.2
	2.0
	0.7
	6.5
	3.0
	1.7
	0.5
	2.8
	0.3
	0.0

	30
	3
	89
	6.8
	3.2
	2.0
	0.7
	6.4
	3.1
	1.8
	0.6
	3.1
	0.6
	0.0

	31
	3
	90
	7.6
	3.8
	2.6
	1.3
	7.2
	3.7
	2.4
	1.2
	3.7
	1.2
	0.0

	1
	4
	91
	8.1
	4.4
	3.1
	1.9
	8.0
	4.4
	3.1
	1.9
	4.3
	1.8
	0.6

	2
	4
	92
	8.4
	4.2
	2.9
	1.7
	8.1
	4.0
	2.8
	1.5
	3.9
	1.4
	0.2

	3
	4
	93
	8.2
	4.0
	2.8
	1.5
	8.1
	4.0
	2.8
	1.5
	3.8
	1.3
	0.0

	4
	4
	94
	7.9
	3.7
	2.4
	1.2
	7.7
	3.6
	2.4
	1.1
	3.3
	0.8
	0.0

	5
	4
	95
	7.5
	3.5
	2.3
	1.0
	7.2
	3.4
	2.2
	0.9
	3.3
	0.8
	0.0

	6
	4
	96
	7.8
	3.5
	2.2
	1.0
	7.4
	3.4
	2.1
	0.9
	3.5
	1.0
	0.0

	7
	4
	97
	7.9
	3.6
	2.4
	1.1
	7.4
	3.6
	2.4
	1.1
	3.6
	1.1
	0.0

	8
	4
	98
	8.3
	3.8
	2.6
	1.3
	7.9
	3.8
	2.5
	1.3
	3.7
	1.2
	0.0

	9
	4
	99
	8.4
	4.0
	2.7
	1.5
	7.7
	3.6
	2.4
	1.1
	4.0
	1.5
	0.2

	10
	4
	100
	8.2
	3.9
	2.6
	1.4
	7.7
	3.6
	2.4
	1.1
	3.9
	1.4
	0.1

	11
	4
	101
	8.2
	4.1
	2.8
	1.6
	7.8
	3.9
	2.7
	1.4
	3.8
	1.3
	0.1

	12
	4
	102
	7.5
	3.3
	2.0
	0.8
	6.8
	2.9
	1.7
	0.4
	3.2
	0.7
	0.0

	13
	4
	103
	7.2
	3.2
	2.0
	0.7
	6.7
	2.9
	1.7
	0.4
	3.1
	0.6
	0.0

	14
	4
	104
	7.2
	3.3
	2.1
	0.8
	6.8
	3.2
	2.0
	0.7
	3.2
	0.7
	0.0

	15
	4
	105
	7.8
	4.0
	2.7
	1.5
	7.2
	3.6
	2.3
	1.1
	3.7
	1.2
	0.0

	16
	4
	106
	8.2
	4.3
	3.0
	1.8
	7.7
	4.0
	2.8
	1.5
	4.1
	1.6
	0.3

	17
	4
	107
	8.1
	4.0
	2.7
	1.5
	7.6
	3.9
	2.6
	1.4
	3.9
	1.4
	0.2

	18
	4
	108
	8.1
	3.8
	2.6
	1.3
	7.4
	3.5
	2.3
	1.0
	3.6
	1.1
	0.0

	19
	4
	109
	8.2
	4.0
	2.7
	1.5
	7.7
	3.8
	2.5
	1.3
	3.9
	1.4
	0.1

	20
	4
	110
	8.6
	4.4
	3.2
	1.9
	8.1
	4.1
	2.9
	1.6
	4.1
	1.6
	0.3

	21
	4
	111
	9.7
	5.0
	3.8
	2.5
	9.5
	4.8
	3.6
	2.3
	4.7
	2.2
	1.0

	22
	4
	112
	10.3
	5.8
	4.5
	3.3
	10.4
	5.6
	4.4
	3.1
	5.5
	3.0
	1.7

	23
	4
	113
	11.0
	6.2
	4.9
	3.7
	10.7
	5.9
	4.6
	3.4
	6.1
	3.3
	2.1

	24
	4
	114
	10.9
	5.7
	4.4
	3.2
	10.4
	5.4
	4.0
	2.7
	5.9
	2.9
	1.6

	25
	4
	115
	11.1
	6.1
	4.5
	3.3
	11.1
	6.1
	4.6
	3.3
	6.4
	3.2
	2.0

	26
	4
	116
	11.2
	6.2
	4.5
	3.2
	11.2
	6.2
	4.6
	3.4
	6.3
	3.0
	1.8

	27
	4
	117
	11.1
	6.1
	4.4
	3.1
	10.7
	5.7
	4.2
	2.9
	6.0
	2.8
	1.5

	28
	4
	118
	11.2
	6.2
	4.4
	3.1
	10.8
	5.8
	4.2
	3.0
	6.1
	2.9
	1.6

	29
	4
	119
	11.3
	6.3
	4.3
	3.1
	10.8
	5.8
	4.2
	2.9
	6.5
	3.1
	1.9

	30
	4
	120
	11.2
	6.2
	4.1
	2.9
	10.8
	5.8
	3.9
	2.6
	6.2
	2.7
	1.5

	1
	5
	121
	12.0
	7.0
	4.7
	3.5
	11.6
	6.6
	4.6
	3.3
	7.3
	3.6
	2.3

	2
	5
	122
	12.2
	7.2
	5.1
	3.9
	11.7
	6.7
	4.9
	3.7
	7.5
	3.8
	2.6

	3
	5
	123
	12.2
	7.2
	5.0
	3.8
	11.8
	6.8
	4.9
	3.7
	7.4
	3.6
	2.4

	4
	5
	124
	11.7
	6.7
	4.4
	3.1
	11.3
	6.3
	4.3
	3.0
	6.9
	3.1
	1.9

	5
	5
	125
	11.7
	6.7
	4.4
	3.1
	11.7
	6.7
	4.5
	3.2
	7.1
	3.3
	2.1

	6
	5
	126
	12.4
	7.4
	5.0
	3.7
	12.1
	7.1
	4.8
	3.5
	7.5
	3.7
	2.4

	7
	5
	127
	12.9
	7.9
	5.5
	4.3
	12.7
	7.7
	5.6
	4.3
	8.2
	4.4
	3.1

	8
	5
	128
	13.1
	8.1
	5.6
	4.2
	12.9
	7.9
	5.4
	4.1
	8.3
	4.2
	2.9

	9
	5
	129
	13.4
	8.4
	5.9
	4.4
	13.2
	8.2
	5.7
	4.2
	8.5
	4.3
	3.1

	10
	5
	130
	13.7
	8.7
	6.2
	4.5
	13.2
	8.2
	5.7
	4.4
	8.7
	4.4
	3.2

	11
	5
	131
	13.4
	8.4
	5.9
	4.1
	13.2
	8.2
	5.7
	3.9
	8.6
	4.0
	2.8

	12
	5
	132
	13.5
	8.5
	6.0
	4.0
	13.2
	8.2
	5.7
	3.9
	8.7
	4.0
	2.8

	13
	5
	133
	13.1
	8.1
	5.6
	3.9
	12.8
	7.8
	5.3
	3.9
	8.4
	4.0
	2.7

	14
	5
	134
	13.5
	8.5
	6.0
	4.2
	13.1
	8.1
	5.6
	4.0
	8.8
	4.2
	3.0

	15
	5
	135
	13.8
	8.8
	6.3
	4.5
	13.5
	8.5
	6.0
	4.6
	9.1
	4.6
	3.4

	16
	5
	136
	14.5
	9.5
	7.0
	5.2
	14.1
	9.1
	6.6
	5.0
	9.6
	5.0
	3.7

	17
	5
	137
	15.0
	10.0
	7.5
	5.3
	14.9
	9.9
	7.4
	5.4
	9.9
	5.1
	3.9

	18
	5
	138
	14.7
	9.7
	7.2
	4.8
	14.3
	9.3
	6.8
	4.7
	9.6
	4.7
	3.5

	19
	5
	139
	14.4
	9.4
	6.9
	4.7
	14.0
	9.0
	6.5
	4.6
	9.4
	4.6
	3.4

	20
	5
	140
	14.2
	9.2
	6.7
	4.7
	13.7
	8.7
	6.2
	4.6
	9.1
	4.5
	3.3

	21
	5
	141
	13.3
	8.3
	5.8
	4.0
	12.9
	7.9
	5.4
	3.8
	8.1
	3.8
	2.6

	22
	5
	142
	13.3
	8.3
	5.8
	4.1
	12.8
	7.8
	5.3
	3.8
	8.3
	4.1
	2.9

	23
	5
	143
	14.0
	9.0
	6.5
	4.8
	13.6
	8.6
	6.1
	4.7
	9.3
	5.0
	3.7

	24
	5
	144
	14.4
	9.4
	6.9
	4.9
	13.8
	8.8
	6.3
	4.4
	9.6
	4.9
	3.6

	25
	5
	145
	14.9
	9.9
	7.4
	5.3
	14.8
	9.8
	7.3
	5.1
	10.2
	5.3
	4.1

	26
	5
	146
	15.3
	10.3
	7.8
	5.2
	14.8
	9.8
	7.3
	4.9
	10.6
	5.6
	4.2

	27
	5
	147
	15.8
	10.8
	8.3
	5.5
	15.2
	10.2
	7.7
	5.3
	10.6
	5.6
	4.0

	28
	5
	148
	14.8
	9.8
	7.3
	4.9
	14.4
	9.4
	6.9
	4.8
	9.8
	4.8
	3.5

	29
	5
	149
	14.6
	9.6
	7.1
	4.7
	14.1
	9.1
	6.6
	4.5
	9.9
	5.0
	3.8

	30
	5
	150
	15.0
	10.0
	7.5
	5.3
	14.4
	9.4
	6.9
	5.0
	10.2
	5.3
	4.1

	31
	5
	151
	15.6
	10.6
	8.1
	5.7
	15.0
	10.0
	7.5
	5.4
	11.0
	6.0
	4.6

	1
	6
	152
	16.2
	11.2
	8.7
	6.2
	15.8
	10.8
	8.3
	5.8
	11.3
	6.3
	4.8

	2
	6
	153
	16.7
	11.7
	9.2
	6.7
	16.3
	11.3
	8.8
	6.3
	11.7
	6.7
	4.9

	3
	6
	154
	16.1
	11.1
	8.6
	6.1
	15.5
	10.5
	8.0
	5.5
	11.2
	6.2
	4.3

	4
	6
	155
	15.9
	10.9
	8.4
	5.9
	15.4
	10.4
	7.9
	5.4
	10.7
	5.7
	4.1

	5
	6
	156
	15.9
	10.9
	8.4
	5.9
	15.4
	10.4
	7.9
	5.4
	10.6
	5.6
	4.1

	6
	6
	157
	15.7
	10.7
	8.2
	5.7
	14.9
	9.9
	7.4
	4.9
	10.6
	5.6
	3.9

	7
	6
	158
	15.8
	10.8
	8.3
	5.8
	15.0
	10.0
	7.5
	5.0
	10.7
	5.7
	4.1

	8
	6
	159
	16.0
	11.0
	8.5
	6.0
	15.2
	10.2
	7.7
	5.2
	10.7
	5.7
	4.1

	9
	6
	160
	15.8
	10.8
	8.3
	5.8
	15.1
	10.1
	7.6
	5.2
	10.8
	5.8
	4.3

	10
	6
	161
	16.3
	11.3
	8.8
	6.3
	15.9
	10.9
	8.4
	5.9
	11.3
	6.3
	4.5

	11
	6
	162
	16.0
	11.0
	8.5
	6.0
	15.3
	10.3
	7.8
	5.3
	10.8
	5.8
	4.3

	12
	6
	163
	16.1
	11.1
	8.6
	6.1
	15.4
	10.4
	7.9
	5.4
	11.0
	6.0
	4.4

	13
	6
	164
	16.3
	11.3
	8.8
	6.3
	15.6
	10.6
	8.1
	5.6
	11.4
	6.4
	4.5

	14
	6
	165
	16.8
	11.8
	9.3
	6.8
	15.9
	10.9
	8.4
	5.9
	12.0
	7.0
	5.0

	15
	6
	166
	17.2
	12.2
	9.7
	7.2
	16.3
	11.3
	8.8
	6.3
	12.3
	7.3
	5.3

	16
	6
	167
	16.9
	11.9
	9.4
	6.9
	16.3
	11.3
	8.8
	6.3
	11.8
	6.8
	4.8

	17
	6
	168
	16.6
	11.6
	9.1
	6.6
	16.0
	11.0
	8.5
	6.0
	11.6
	6.6
	4.9

	18
	6
	169
	16.5
	11.5
	9.0
	6.5
	15.5
	10.5
	8.0
	5.5
	11.6
	6.6
	4.8

	19
	6
	170
	17.2
	12.2
	9.7
	7.2
	16.5
	11.5
	9.0
	6.5
	12.3
	7.3
	5.3

	20
	6
	171
	17.4
	12.4
	9.9
	7.4
	16.8
	11.8
	9.3
	6.8
	12.5
	7.5
	5.3

	21
	6
	172
	17.9
	12.9
	10.4
	7.9
	17.2
	12.2
	9.7
	7.2
	13.1
	8.1
	5.6

	22
	6
	173
	17.8
	12.8
	10.3
	7.8
	17.1
	12.1
	9.6
	7.1
	12.9
	7.9
	5.4

	23
	6
	174
	17.6
	12.6
	10.1
	7.6
	16.8
	11.8
	9.3
	6.8
	12.7
	7.7
	5.3

	24
	6
	175
	17.6
	12.6
	10.1
	7.6
	16.6
	11.6
	9.1
	6.6
	12.7
	7.7
	5.2

	25
	6
	176
	18.1
	13.1
	10.6
	8.1
	17.3
	12.3
	9.8
	7.3
	13.4
	8.4
	5.9

	26
	6
	177
	18.0
	13.0
	10.5
	8.0
	17.4
	12.4
	9.9
	7.4
	13.4
	8.4
	5.9

	27
	6
	178
	18.4
	13.4
	10.9
	8.4
	17.5
	12.5
	10.0
	7.5
	13.3
	8.3
	5.8

	28
	6
	179
	17.8
	12.8
	10.3
	7.8
	16.9
	11.9
	9.4
	6.9
	12.8
	7.8
	5.3

	29
	6
	180
	18.0
	13.0
	10.5
	8.0
	17.3
	12.3
	9.8
	7.3
	13.3
	8.3
	5.8

	30
	6
	181
	18.6
	13.6
	11.1
	8.6
	18.0
	13.0
	10.5
	8.0
	14.0
	9.0
	6.5

	1
	7
	182
	18.7
	13.7
	11.2
	8.7
	18.1
	13.1
	10.6
	8.1
	13.8
	8.8
	6.3

	2
	7
	183
	18.7
	13.7
	11.2
	8.7
	18.2
	13.2
	10.7
	8.2
	14.2
	9.2
	6.7

	3
	7
	184
	18.7
	13.7
	11.2
	8.7
	18.3
	13.3
	10.8
	8.3
	14.1
	9.1
	6.6

	4
	7
	185
	18.6
	13.6
	11.1
	8.6
	17.8
	12.8
	10.3
	7.8
	13.8
	8.8
	6.3

	5
	7
	186
	18.8
	13.8
	11.3
	8.8
	17.9
	12.9
	10.4
	7.9
	13.9
	8.9
	6.4

	6
	7
	187
	18.5
	13.5
	11.0
	8.5
	17.9
	12.9
	10.4
	7.9
	13.8
	8.8
	6.3

	7
	7
	188
	18.3
	13.3
	10.8
	8.3
	17.3
	12.3
	9.8
	7.3
	13.5
	8.5
	6.0

	8
	7
	189
	18.7
	13.7
	11.2
	8.7
	17.8
	12.8
	10.3
	7.8
	13.8
	8.8
	6.3

	9
	7
	190
	19.0
	14.0
	11.5
	9.0
	18.0
	13.0
	10.5
	8.0
	14.1
	9.1
	6.6

	10
	7
	191
	19.0
	14.0
	11.5
	9.0
	18.2
	13.2
	10.7
	8.2
	14.0
	9.0
	6.5

	11
	7
	192
	19.0
	14.0
	11.5
	9.0
	18.3
	13.3
	10.8
	8.3
	14.2
	9.2
	6.7

	12
	7
	193
	19.7
	14.7
	12.2
	9.7
	18.8
	13.8
	11.3
	8.8
	14.7
	9.7
	7.2

	13
	7
	194
	19.6
	14.6
	12.1
	9.6
	18.6
	13.6
	11.1
	8.6
	15.1
	10.1
	7.6

	14
	7
	195
	19.2
	14.2
	11.7
	9.2
	18.4
	13.4
	10.9
	8.4
	14.5
	9.5
	7.0

	15
	7
	196
	19.1
	14.1
	11.6
	9.1
	18.2
	13.2
	10.7
	8.2
	14.3
	9.3
	6.8

	16
	7
	197
	19.2
	14.2
	11.7
	9.2
	18.4
	13.4
	10.9
	8.4
	14.4
	9.4
	6.9

	17
	7
	198
	19.1
	14.1
	11.6
	9.1
	18.4
	13.4
	10.9
	8.4
	14.6
	9.6
	7.1

	18
	7
	199
	18.5
	13.5
	11.0
	8.5
	17.6
	12.6
	10.1
	7.6
	13.5
	8.5
	6.0

	19
	7
	200
	18.7
	13.7
	11.2
	8.7
	17.7
	12.7
	10.2
	7.7
	14.0
	9.0
	6.5

	20
	7
	201
	19.4
	14.4
	11.9
	9.4
	18.5
	13.5
	11.0
	8.5
	14.7
	9.7
	7.2

	21
	7
	202
	19.7
	14.7
	12.2
	9.7
	19.0
	14.0
	11.5
	9.0
	15.2
	10.2
	7.7

	22
	7
	203
	19.9
	14.9
	12.4
	9.9
	19.1
	14.1
	11.6
	9.1
	15.5
	10.5
	8.0

	23
	7
	204
	20.0
	15.0
	12.5
	10.0
	19.3
	14.3
	11.8
	9.3
	15.6
	10.6
	8.1

	24
	7
	205
	19.7
	14.7
	12.2
	9.7
	18.8
	13.8
	11.3
	8.8
	15.2
	10.2
	7.7

	25
	7
	206
	19.3
	14.3
	11.8
	9.3
	18.3
	13.3
	10.8
	8.3
	14.5
	9.5
	7.0

	26
	7
	207
	19.8
	14.8
	12.3
	9.8
	18.7
	13.7
	11.2
	8.7
	14.9
	9.9
	7.4

	27
	7
	208
	19.8
	14.8
	12.3
	9.8
	18.8
	13.8
	11.3
	8.8
	15.0
	10.0
	7.5

	28
	7
	209
	20.2
	15.2
	12.7
	10.2
	19.3
	14.3
	11.8
	9.3
	15.4
	10.4
	7.9

	29
	7
	210
	20.5
	15.5
	13.0
	10.5
	19.5
	14.5
	12.0
	9.5
	15.6
	10.6
	8.1

	30
	7
	211
	20.8
	15.8
	13.3
	10.8
	20.1
	15.1
	12.6
	10.1
	16.1
	11.1
	8.6

	31
	7
	212
	20.0
	15.0
	12.5
	10.0
	19.0
	14.0
	11.5
	9.0
	15.0
	10.0
	7.5

	1
	8
	213
	19.5
	14.5
	12.0
	9.5
	18.7
	13.7
	11.2
	8.7
	14.8
	9.8
	7.3

	2
	8
	214
	19.9
	14.9
	12.4
	9.9
	19.0
	14.0
	11.5
	9.0
	15.5
	10.5
	8.0

	3
	8
	215
	20.4
	15.4
	12.9
	10.4
	19.6
	14.6
	12.1
	9.6
	15.8
	10.8
	8.3

	4
	8
	216
	20.0
	15.0
	12.5
	10.0
	19.2
	14.2
	11.7
	9.2
	15.6
	10.6
	8.1

	5
	8
	217
	20.0
	15.0
	12.5
	10.0
	19.1
	14.1
	11.6
	9.1
	15.4
	10.4
	7.9

	6
	8
	218
	19.1
	14.1
	11.6
	9.1
	18.2
	13.2
	10.7
	8.2
	14.4
	9.4
	6.9

	7
	8
	219
	19.5
	14.5
	12.0
	9.5
	18.4
	13.4
	10.9
	8.4
	14.7
	9.7
	7.2

	8
	8
	220
	19.7
	14.7
	12.2
	9.7
	18.6
	13.6
	11.1
	8.6
	14.9
	9.9
	7.4

	9
	8
	221
	19.8
	14.8
	12.3
	9.8
	19.0
	14.0
	11.5
	9.0
	15.1
	10.1
	7.6

	10
	8
	222
	19.7
	14.7
	12.2
	9.7
	19.1
	14.1
	11.6
	9.1
	15.1
	10.1
	7.6

	11
	8
	223
	19.7
	14.7
	12.2
	9.7
	18.8
	13.8
	11.3
	8.8
	15.0
	10.0
	7.5

	12
	8
	224
	20.1
	15.1
	12.6
	10.1
	19.1
	14.1
	11.6
	9.1
	15.0
	10.0
	7.5

	13
	8
	225
	20.0
	15.0
	12.5
	10.0
	19.3
	14.3
	11.8
	9.3
	15.3
	10.3
	7.8

	14
	8
	226
	20.0
	15.0
	12.5
	10.0
	19.3
	14.3
	11.8
	9.3
	15.3
	10.3
	7.8

	15
	8
	227
	20.2
	15.2
	12.7
	10.2
	19.4
	14.4
	11.9
	9.4
	15.6
	10.6
	8.1

	16
	8
	228
	20.4
	15.4
	12.9
	10.4
	19.6
	14.6
	12.1
	9.6
	15.7
	10.7
	8.2

	17
	8
	229
	19.6
	14.6
	12.1
	9.6
	18.4
	13.4
	10.9
	8.4
	14.8
	9.8
	7.3

	18
	8
	230
	19.4
	14.4
	11.9
	9.4
	18.4
	13.4
	10.9
	8.4
	14.7
	9.7
	7.2

	19
	8
	231
	19.9
	14.9
	12.4
	9.9
	19.1
	14.1
	11.6
	9.1
	15.2
	10.2
	7.7

	20
	8
	232
	19.9
	14.9
	12.4
	9.9
	19.2
	14.2
	11.7
	9.2
	15.3
	10.3
	7.8

	21
	8
	233
	19.3
	14.3
	11.8
	9.3
	18.6
	13.6
	11.1
	8.6
	14.6
	9.6
	7.1

	22
	8
	234
	19.6
	14.6
	12.1
	9.6
	18.8
	13.8
	11.3
	8.8
	14.9
	9.9
	7.4

	23
	8
	235
	19.0
	14.0
	11.5
	9.0
	18.2
	13.2
	10.7
	8.2
	14.4
	9.4
	6.9

	24
	8
	236
	18.7
	13.7
	11.2
	8.7
	17.9
	12.9
	10.4
	7.9
	14.2
	9.2
	6.7

	25
	8
	237
	18.3
	13.3
	10.8
	8.3
	17.4
	12.4
	9.9
	7.4
	13.8
	8.8
	6.3

	26
	8
	238
	18.5
	13.5
	11.0
	8.5
	17.6
	12.6
	10.1
	7.6
	13.7
	8.7
	6.2

	27
	8
	239
	17.9
	12.9
	10.4
	7.9
	17.2
	12.2
	9.7
	7.2
	13.4
	8.4
	5.9

	28
	8
	240
	17.1
	12.1
	9.6
	7.1
	16.2
	11.2
	8.7
	6.2
	12.3
	7.3
	4.8

	29
	8
	241
	16.8
	11.8
	9.3
	6.8
	15.9
	10.9
	8.4
	5.9
	12.2
	7.2
	4.8

	30
	8
	242
	16.4
	11.4
	8.9
	6.4
	15.7
	10.7
	8.2
	5.7
	12.0
	7.0
	4.9

	31
	8
	243
	16.4
	11.4
	8.9
	6.4
	15.7
	10.7
	8.2
	5.7
	12.0
	7.0
	4.9

	1
	9
	244
	16.3
	11.3
	8.8
	6.3
	15.4
	10.4
	7.9
	5.4
	11.7
	6.7
	4.4

	2
	9
	245
	16.4
	11.4
	8.9
	6.4
	15.7
	10.7
	8.2
	5.7
	11.7
	6.7
	4.5

	3
	9
	246
	15.9
	10.9
	8.4
	5.9
	15.3
	10.3
	7.8
	5.3
	11.2
	6.2
	4.2

	4
	9
	247
	15.7
	10.7
	8.2
	5.7
	14.7
	9.7
	7.2
	4.7
	11.1
	6.1
	4.1

	5
	9
	248
	16.1
	11.1
	8.6
	6.1
	15.1
	10.1
	7.6
	5.1
	11.4
	6.4
	4.6

	6
	9
	249
	15.8
	10.8
	8.3
	5.8
	15.0
	10.0
	7.5
	5.0
	11.3
	6.3
	4.5

	7
	9
	250
	15.4
	10.4
	7.9
	5.4
	14.8
	9.8
	7.3
	4.8
	10.9
	5.9
	4.1

	8
	9
	251
	15.2
	10.2
	7.7
	5.2
	14.7
	9.7
	7.2
	4.7
	11.0
	6.0
	4.3

	9
	9
	252
	15.5
	10.5
	8.0
	5.5
	14.7
	9.7
	7.2
	4.8
	11.0
	6.0
	4.3

	10
	9
	253
	15.4
	10.4
	7.9
	5.4
	14.9
	9.9
	7.4
	4.9
	11.2
	6.2
	4.4

	11
	9
	254
	15.5
	10.5
	8.0
	5.5
	14.8
	9.8
	7.3
	4.8
	11.2
	6.2
	4.3

	12
	9
	255
	16.1
	11.1
	8.6
	6.1
	15.4
	10.4
	7.9
	5.4
	11.6
	6.6
	4.6

	13
	9
	256
	15.5
	10.5
	8.0
	5.5
	14.8
	9.8
	7.3
	4.8
	11.2
	6.2
	4.2

	14
	9
	257
	15.0
	10.0
	7.5
	5.0
	14.1
	9.1
	6.6
	4.2
	10.4
	5.4
	3.8

	15
	9
	258
	15.2
	10.2
	7.7
	5.2
	14.2
	9.2
	6.7
	4.3
	10.5
	5.5
	3.8

	16
	9
	259
	15.1
	10.1
	7.6
	5.1
	14.2
	9.2
	6.7
	4.4
	10.5
	5.5
	4.0

	17
	9
	260
	14.9
	9.9
	7.4
	4.9
	14.1
	9.1
	6.6
	4.3
	10.4
	5.4
	4.0

	18
	9
	261
	15.0
	10.0
	7.5
	5.2
	14.5
	9.5
	7.0
	4.8
	11.1
	6.1
	4.5

	19
	9
	262
	15.0
	10.0
	7.5
	5.0
	14.7
	9.7
	7.2
	4.7
	11.4
	6.4
	4.5

	20
	9
	263
	15.6
	10.6
	8.1
	5.6
	15.1
	10.1
	7.6
	4.9
	11.8
	6.8
	4.7

	21
	9
	264
	15.9
	10.9
	8.4
	5.9
	15.4
	10.4
	7.9
	5.4
	11.8
	6.8
	4.6

	22
	9
	265
	15.7
	10.7
	8.2
	5.7
	15.2
	10.2
	7.7
	5.2
	11.4
	6.4
	4.3

	23
	9
	266
	14.2
	9.2
	6.7
	4.2
	13.9
	8.9
	6.4
	4.0
	10.4
	5.4
	3.7

	24
	9
	267
	13.7
	8.7
	6.2
	3.9
	13.0
	8.0
	5.5
	3.4
	9.7
	4.7
	3.2

	25
	9
	268
	13.7
	8.7
	6.2
	4.0
	13.1
	8.1
	5.6
	3.7
	9.6
	4.6
	3.3

	26
	9
	269
	13.3
	8.3
	5.8
	3.8
	13.1
	8.1
	5.6
	3.6
	9.2
	4.2
	3.0

	27
	9
	270
	13.2
	8.2
	5.7
	3.9
	12.7
	7.7
	5.2
	3.5
	9.3
	4.6
	3.3

	28
	9
	271
	12.9
	7.9
	5.4
	3.7
	12.5
	7.5
	5.0
	3.4
	9.0
	4.4
	3.2

	29
	9
	272
	13.0
	8.0
	5.5
	3.8
	12.4
	7.4
	4.9
	3.5
	9.0
	4.5
	3.3

	30
	9
	273
	13.0
	8.0
	5.5
	3.8
	12.5
	7.5
	5.0
	3.5
	9.2
	4.6
	3.3

	1
	10
	274
	13.5
	8.5
	6.0
	4.0
	13.0
	8.0
	5.5
	3.8
	9.7
	4.7
	3.5

	2
	10
	275
	13.8
	8.8
	6.3
	4.1
	13.3
	8.3
	5.8
	4.0
	10.0
	4.8
	3.6

	3
	10
	276
	13.0
	8.0
	5.5
	3.6
	12.5
	7.5
	5.0
	3.4
	9.0
	4.3
	3.1

	4
	10
	277
	12.3
	7.3
	4.8
	3.2
	11.8
	6.8
	4.3
	2.9
	8.5
	3.9
	2.7

	5
	10
	278
	12.1
	7.1
	4.6
	3.2
	11.7
	6.7
	4.4
	3.1
	8.2
	3.8
	2.5

	6
	10
	279
	12.0
	7.0
	4.5
	2.8
	11.8
	6.8
	4.3
	2.8
	7.9
	3.4
	2.1

	7
	10
	280
	11.7
	6.7
	4.2
	2.7
	11.0
	6.0
	3.7
	2.4
	7.3
	3.1
	1.8

	8
	10
	281
	10.9
	5.9
	3.6
	2.3
	10.3
	5.3
	3.2
	1.9
	6.5
	2.8
	1.6

	9
	10
	282
	11.2
	6.2
	3.8
	2.6
	10.8
	5.8
	3.7
	2.5
	7.3
	3.5
	2.2

	10
	10
	283
	12.0
	7.0
	4.5
	3.2
	11.8
	6.8
	4.3
	3.1
	8.6
	4.2
	3.0

	11
	10
	284
	11.7
	6.7
	4.2
	2.9
	11.7
	6.7
	4.3
	3.0
	8.4
	4.0
	2.8

	12
	10
	285
	11.4
	6.4
	3.9
	2.6
	11.0
	6.0
	3.8
	2.5
	7.9
	3.6
	2.4

	13
	10
	286
	11.6
	6.6
	4.1
	2.9
	11.1
	6.1
	3.9
	2.6
	7.6
	3.6
	2.3

	14
	10
	287
	11.4
	6.4
	4.0
	2.7
	10.8
	5.8
	3.7
	2.4
	7.9
	3.8
	2.6

	15
	10
	288
	11.9
	6.9
	4.4
	3.0
	11.6
	6.6
	4.2
	2.9
	8.1
	3.8
	2.5

	16
	10
	289
	11.7
	6.7
	4.2
	2.9
	11.2
	6.2
	3.9
	2.7
	8.2
	4.0
	2.7

	17
	10
	290
	10.7
	5.7
	3.4
	2.1
	10.2
	5.2
	3.3
	2.0
	7.5
	3.5
	2.3

	18
	10
	291
	10.0
	5.0
	3.0
	1.8
	9.5
	4.5
	2.9
	1.7
	6.8
	3.2
	1.9

	19
	10
	292
	9.9
	4.9
	3.0
	1.8
	9.5
	4.5
	3.1
	1.8
	6.5
	3.0
	1.7

	20
	10
	293
	9.9
	4.9
	2.9
	1.7
	9.9
	4.9
	3.2
	2.0
	6.3
	2.8
	1.6

	21
	10
	294
	9.1
	4.1
	2.6
	1.3
	9.2
	4.2
	2.7
	1.5
	5.7
	2.4
	1.1

	22
	10
	295
	9.1
	4.1
	2.6
	1.4
	8.8
	3.8
	2.6
	1.3
	5.6
	2.4
	1.2

	23
	10
	296
	8.4
	3.5
	2.2
	1.0
	8.1
	3.4
	2.2
	0.9
	4.8
	2.3
	1.0

	24
	10
	297
	8.3
	3.5
	2.2
	1.0
	7.8
	3.3
	2.1
	0.8
	4.7
	2.1
	0.8

	25
	10
	298
	8.3
	3.5
	2.2
	1.0
	7.7
	3.3
	2.0
	0.8
	4.8
	2.1
	0.8

	26
	10
	299
	8.6
	3.8
	2.5
	1.3
	8.3
	3.8
	2.5
	1.3
	5.4
	2.6
	1.3

	27
	10
	300
	8.5
	3.8
	2.5
	1.3
	7.9
	3.6
	2.3
	1.1
	5.3
	2.5
	1.2

	28
	10
	301
	8.4
	3.7
	2.5
	1.2
	8.1
	3.7
	2.4
	1.2
	5.5
	2.7
	1.5

	29
	10
	302
	8.5
	3.5
	2.3
	1.0
	7.9
	3.4
	2.2
	0.9
	5.5
	2.6
	1.4

	30
	10
	303
	8.6
	3.6
	2.2
	0.9
	8.2
	3.3
	2.1
	0.8
	5.7
	2.6
	1.3

	31
	10
	304
	8.7
	3.7
	2.5
	1.2
	8.1
	3.5
	2.3
	1.0
	5.4
	2.4
	1.2

	1
	11
	305
	8.1
	3.5
	2.2
	1.0
	7.6
	3.3
	2.0
	0.8
	5.1
	2.3
	1.0

	2
	11
	306
	8.0
	3.3
	2.0
	0.8
	7.2
	3.1
	1.8
	0.6
	4.9
	2.1
	0.8

	3
	11
	307
	7.7
	3.2
	1.9
	0.7
	7.2
	3.1
	1.8
	0.6
	5.0
	2.3
	1.0

	4
	11
	308
	6.5
	2.4
	1.2
	0.0
	6.4
	2.7
	1.5
	0.2
	3.9
	1.6
	0.3

	5
	11
	309
	6.6
	2.5
	1.2
	0.0
	6.4
	2.6
	1.3
	0.1
	3.2
	1.2
	0.0

	6
	11
	310
	5.9
	2.2
	0.9
	0.0
	5.9
	2.4
	1.1
	0.0
	2.6
	0.9
	0.0

	7
	11
	311
	5.7
	2.1
	0.9
	0.0
	5.6
	2.3
	1.0
	0.0
	2.5
	0.8
	0.0

	8
	11
	312
	6.0
	2.4
	1.1
	0.0
	5.7
	2.5
	1.3
	0.0
	3.0
	1.2
	0.0

	9
	11
	313
	6.1
	2.2
	1.0
	0.0
	5.8
	2.2
	0.9
	0.0
	3.0
	1.0
	0.0

	10
	11
	314
	5.9
	2.1
	0.8
	0.0
	5.5
	2.1
	0.8
	0.0
	2.6
	0.7
	0.0

	11
	11
	315
	5.7
	2.0
	0.8
	0.0
	5.5
	2.2
	0.9
	0.0
	2.6
	0.8
	0.0

	12
	11
	316
	5.8
	2.1
	0.8
	0.0
	5.4
	2.0
	0.8
	0.0
	2.7
	0.9
	0.0

	13
	11
	317
	5.7
	1.7
	0.4
	0.0
	5.7
	1.9
	0.7
	0.0
	2.3
	0.4
	0.0

	14
	11
	318
	5.2
	1.4
	0.1
	0.0
	5.3
	1.6
	0.3
	0.0
	1.1
	0.0
	0.0

	15
	11
	319
	4.2
	1.0
	0.0
	0.0
	4.0
	1.0
	0.0
	0.0
	0.3
	0.0
	0.0

	16
	11
	320
	4.6
	1.1
	0.0
	0.0
	4.0
	0.9
	0.0
	0.0
	0.6
	0.0
	0.0

	17
	11
	321
	4.2
	1.0
	0.0
	0.0
	3.5
	0.7
	0.0
	0.0
	0.4
	0.0
	0.0

	18
	11
	322
	3.6
	0.7
	0.0
	0.0
	2.9
	0.4
	0.0
	0.0
	-0.1
	0.0
	0.0

	19
	11
	323
	3.4
	0.6
	0.0
	0.0
	2.9
	0.4
	0.0
	0.0
	-0.2
	0.0
	0.0

	20
	11
	324
	3.8
	0.9
	0.0
	0.0
	3.3
	0.8
	0.0
	0.0
	0.2
	0.0
	0.0

	21
	11
	325
	3.4
	0.4
	0.0
	0.0
	2.9
	0.4
	0.0
	0.0
	-0.4
	0.0
	0.0

	22
	11
	326
	3.0
	0.4
	0.0
	0.0
	2.8
	0.3
	0.0
	0.0
	-1.0
	0.0
	0.0

	23
	11
	327
	2.8
	0.3
	0.0
	0.0
	2.6
	0.1
	0.0
	0.0
	-1.4
	0.0
	0.0

	24
	11
	328
	3.4
	0.6
	0.0
	0.0
	3.2
	0.7
	0.0
	0.0
	-0.4
	0.0
	0.0

	25
	11
	329
	3.5
	0.7
	0.0
	0.0
	3.0
	0.5
	0.0
	0.0
	0.1
	0.0
	0.0

	26
	11
	330
	3.2
	0.5
	0.0
	0.0
	2.9
	0.4
	0.0
	0.0
	0.1
	0.0
	0.0

	27
	11
	331
	3.4
	0.5
	0.0
	0.0
	2.6
	0.1
	0.0
	0.0
	0.3
	0.0
	0.0

	28
	11
	332
	2.8
	0.1
	0.0
	0.0
	2.2
	0.0
	0.0
	0.0
	-0.8
	0.0
	0.0

	29
	11
	333
	2.8
	0.1
	0.0
	0.0
	2.2
	0.0
	0.0
	0.0
	-1.1
	0.0
	0.0

	30
	11
	334
	3.0
	0.2
	0.0
	0.0
	2.3
	0.0
	0.0
	0.0
	-0.3
	0.0
	0.0

	1
	12
	335
	2.6
	0.0
	0.0
	0.0
	2.3
	0.0
	0.0
	0.0
	-0.3
	0.0
	0.0

	2
	12
	336
	2.6
	0.0
	0.0
	0.0
	2.6
	0.1
	0.0
	0.0
	-0.4
	0.0
	0.0

	3
	12
	337
	2.5
	0.0
	0.0
	0.0
	2.6
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	4
	12
	338
	2.7
	0.1
	0.0
	0.0
	2.6
	0.1
	0.0
	0.0
	-0.3
	0.0
	0.0

	5
	12
	339
	2.7
	0.2
	0.0
	0.0
	2.4
	0.0
	0.0
	0.0
	-0.8
	0.0
	0.0

	6
	12
	340
	2.5
	0.0
	0.0
	0.0
	2.2
	0.0
	0.0
	0.0
	-1.3
	0.0
	0.0

	7
	12
	341
	2.3
	0.0
	0.0
	0.0
	2.0
	0.0
	0.0
	0.0
	-1.4
	0.0
	0.0

	8
	12
	342
	2.3
	0.0
	0.0
	0.0
	2.2
	0.0
	0.0
	0.0
	-1.2
	0.0
	0.0

	9
	12
	343
	2.2
	0.0
	0.0
	0.0
	2.1
	0.0
	0.0
	0.0
	-0.8
	0.0
	0.0

	10
	12
	344
	2.1
	0.0
	0.0
	0.0
	2.0
	0.0
	0.0
	0.0
	-1.5
	0.0
	0.0

	11
	12
	345
	2.3
	0.0
	0.0
	0.0
	1.9
	0.0
	0.0
	0.0
	-1.9
	0.0
	0.0

	12
	12
	346
	2.5
	0.0
	0.0
	0.0
	2.0
	0.0
	0.0
	0.0
	-1.3
	0.0
	0.0

	13
	12
	347
	2.4
	0.0
	0.0
	0.0
	2.0
	0.0
	0.0
	0.0
	-1.5
	0.0
	0.0

	14
	12
	348
	2.4
	0.0
	0.0
	0.0
	2.0
	0.0
	0.0
	0.0
	-1.8
	0.0
	0.0

	15
	12
	349
	2.2
	0.0
	0.0
	0.0
	1.9
	0.0
	0.0
	0.0
	-2.0
	0.0
	0.0

	16
	12
	350
	2.5
	0.0
	0.0
	0.0
	2.5
	0.0
	0.0
	0.0
	-1.6
	0.0
	0.0

	17
	12
	351
	2.5
	0.0
	0.0
	0.0
	2.3
	0.0
	0.0
	0.0
	-1.2
	0.0
	0.0

	18
	12
	352
	2.7
	0.2
	0.0
	0.0
	2.8
	0.3
	0.0
	0.0
	-0.8
	0.0
	0.0

	19
	12
	353
	2.8
	0.3
	0.0
	0.0
	2.8
	0.3
	0.0
	0.0
	-1.4
	0.0
	0.0

	20
	12
	354
	2.6
	0.1
	0.0
	0.0
	2.6
	0.1
	0.0
	0.0
	-1.8
	0.0
	0.0

	21
	12
	355
	2.6
	0.1
	0.0
	0.0
	2.5
	0.0
	0.0
	0.0
	-1.7
	0.0
	0.0

	22
	12
	356
	2.4
	0.0
	0.0
	0.0
	2.3
	0.0
	0.0
	0.0
	-1.9
	0.0
	0.0

	23
	12
	357
	2.3
	0.0
	0.0
	0.0
	2.0
	0.0
	0.0
	0.0
	-2.3
	0.0
	0.0

	24
	12
	358
	2.3
	0.0
	0.0
	0.0
	1.9
	0.0
	0.0
	0.0
	-2.1
	0.0
	0.0

	25
	12
	359
	2.3
	0.0
	0.0
	0.0
	2.1
	0.0
	0.0
	0.0
	-1.8
	0.0
	0.0

	26
	12
	360
	2.4
	0.0
	0.0
	0.0
	2.3
	0.0
	0.0
	0.0
	-2.0
	0.0
	0.0

	27
	12
	361
	2.2
	0.0
	0.0
	0.0
	2.0
	0.0
	0.0
	0.0
	-2.7
	0.0
	0.0

	28
	12
	362
	2.0
	0.0
	0.0
	0.0
	2.1
	0.0
	0.0
	0.0
	-2.2
	0.0
	0.0

	29
	12
	363
	2.1
	0.0
	0.0
	0.0
	2.0
	0.0
	0.0
	0.0
	-2.1
	0.0
	0.0

	30
	12
	364
	1.9
	0.0
	0.0
	0.0
	1.7
	0.0
	0.0
	0.0
	-2.3
	0.0
	0.0

	31
	12
	365
	1.7
	0.0
	0.0
	0.0
	1.7
	0.0
	0.0
	0.0
	-2.3
	0.0
	0.0




2.3.2 [bookmark: _Toc255821743][bookmark: _Toc269126254][bookmark: _Toc269126291][bookmark: _Toc269126744][bookmark: _Toc320884314][bookmark: _Toc391022769]N uptake of vegetables
The diversity of vegetables is very high, which makes a specific estimation of the monthly nitrogen uptake for all vegetable species difficult. However, most vegetables are harvested before the beginning of senescence of the shoot. Harvesting often takes place before flowering (example: lettuce), for some vegetables the flower is harvested (cauliflower), for other the young, green seeds (peas), and for some the fruits are harvested (tomato). Thus, for these vegetables, the course of N uptake can be roughly divided into three phases, of which only the first two are relevant for the model:
1. The initial phase with slow growth, during which the N uptake is low. For the sake of simplicity, it is assumed that no N is taken up. Various sources were used to determine the duration until the onset of intensive growth (Fink 2007; Vogel 1996; VSGP 2007; Wonnenberger and Keller 2004).
2. The growth phase with fast growth and strong N uptake. To simplify, it is assumed that the uptake is linear and proportional to the time. The standard yield and the standard N uptake are taken from (Richner et al. 2017). If the yield deviates from the standard yield, N uptake is corrected proportionally to the yield change.
3. The senescence phase: it is assumed that harvest occurs before senescence; therefore this phase is not considered.
2.4 Cumulated periods
Generally, no seepage occurs during the intensive vegetation period because evapotranspiration is similar or higher than precipitation. Therefore, no nitrate leaching is generally expected during this period. To take this into account, cumulated periods are defined (Tab. 8, Tab. 9). The model accumulates the monthly values of N mineralisation, nitrate uptake by the plants and the N losses from fertilisation during this period, and the balance is calculated only at the end of this period (see Chapter 2.5). 
Contrary to Richner et al. (2014), we use the same values for the hill region as for the valley region, since the GDDsums are more similar between the valley and hill region, than between the hill and mountain region (see Tab. 7). Since overwintering crops are sown in the year before the harvest, the model is implemented in the way to cover a maximum time span of two calendar years. However, it considers only the period from the harvest of the previous crop to the harvest of the investigated crop. 
[bookmark: _Ref128583198]Tab. 8: Cumulated months for nitrate leaching: Valley and hill region. Year: 0=previous year, 1=harvest year. Adjacent months with 1 get cumulated, months with 0 do not get cumulated. Source: Richner et al. (2014), Table 10. 
	Year
	Month
	winter cereals
	summer cereals
	mais soy
	winter rapeseed
	potatoes
	beet
	winter bean
	summer bean
	sunflowers
	carrot
	cabage
	catch crops
	templey april
	templey may
	templey aug
	pasture ext
	pasture int
	apple
	Miscanthus1
	Miscanthus2
	Miscanthus3+'
	others

	0
	Jan
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	Feb
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	Mar
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0

	0
	Apr
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0

	0
	May
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0

	0
	Jun
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0

	0
	Jul
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0

	0
	Aug
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0

	0
	Sep
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0

	0
	Oct
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	0
	Nov
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	0
	Dec
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	Jan
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	Feb
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	Mar
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0

	1
	Apr
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0

	1
	May
	1
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0

	1
	Jun
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0

	1
	Jul
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0

	1
	Aug
	0
	0
	1
	0
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0

	1
	Sep
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0

	1
	Oct
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	1
	Nov
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	1
	Dec
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



[bookmark: _Ref128583200]Tab. 9: Cumulated months for nitrate leaching: Mountain region. Year: 0=previous year, 1=harvest year. Adjacent months with 1 get cumulated, months with 0 do not get cumulated. Source: Richner et al. (2014), Table 11.
	Year
	Month
	others
	winter_cereals
	summer_cereals
	mais_soy
	winter_rapeseed
	potatoes
	beet
	winter_bean
	summer_bean
	sunflowers
	carrot
	cabage
	catch_crops
	templey_april
	templey_may
	templey_aug
	pasture_ext
	pasture_int
	apple
	Miscanthus1
	Miscanthus2
	Miscanthus3+'

	0
	Jan
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	Feb
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	Mar
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	Apr
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0

	0
	May
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1

	0
	Jun
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1

	0
	Jul
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1

	0
	Aug
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	0
	Sep
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	0
	Oct
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0

	0
	Nov
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0

	0
	Dec
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	Jan
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	Feb
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	Mar
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	Apr
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0

	1
	May
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1

	1
	Jun
	0
	1
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1

	1
	Jul
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	0
	1
	1
	1
	1
	1
	1
	1

	1
	Aug
	0
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1
	Sep
	0
	0
	0
	1
	0
	1
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1
	Oct
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0

	1
	Nov
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	0
	0

	1
	Dec
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0



2.5 [bookmark: _Ref129332440]N balance and N leaching
N leaching is calculated differently for cumulated and non-cumulated periods.
In cumulated periods, leaching is calculated as the sum over all monthly values in the period:
		
	Eq. 6



Nleach cum [kg NO3-N ha-1] is the leaching rate over the cumulated period (in case of several cumulated periods, as e.g. for winter rape seed, the balance is calculated for each period separately), m is the month, s and e the start and end months of the cumulated period, Nmin m [kg N ha-1] is the mineralisation for month m, Nfert m [kg N ha-1] is the amount of N fertiliser applied in month m (for organic fertilisers, only the amount of NH4-N is taken into account), Nup m [kg N ha-1] is the amount of N uptake by the crop in month m. floss [-] is the fraction of gaseous losses in form of NH3, NOx and N2O after application of N fertilisers (from SALCAfieldN). Negative values of Nleach cum are set to 0. 

For non-cumulated periods, leaching is calculated for each month separately:
	*  
	Eq. 7



The risk of nitrate leaching due to fertiliser application fleach m [-] is dependent on the crop and the month m of fertiliser application (Tab. 10). 

[bookmark: _Ref129333861]Tab. 10: Risk of nitrate leaching in non-cumulated months (fleach). The numbers show the fraction of N lost resulting from the N application in a given month in a given crop. Year: 0=previous year, 1=harvest year. Richner et al. (2014), Table 9.
	Year
	Month
	winter cereals
	summer cereals
	mais soy
	winter rapeseed
	potatoes
	beet
	winter bean
	summer bean
	sunflowers
	carrot
	cabage
	catch crops
	templey april
	templey may
	templey aug
	pasture ext
	pasture int
	apple
	Miscanthus1
	Miscanthus2
	Miscanthus3+
	others

	0
	Jan
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.2
	0.2
	0.2
	1.0
	1.0
	1.0
	0.0

	0
	Feb
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.2
	0.1
	0.1
	1.0
	1.0
	1.0
	0.0

	0
	Mar
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.0
	0.0
	0.0
	1.0
	1.0
	0.5
	0.0

	0
	Apr
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.5
	1.0
	1.0
	0.0
	0.0
	0.0
	1.0
	0.5
	0.3
	0.0

	0
	May
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.2
	0.5
	1.0
	0.0
	0.0
	0.0
	1.0
	0.2
	0.2
	0.0

	0
	Jun
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.0
	0.2
	1.0
	0.0
	0.0
	0.0
	1.0
	0.0
	0.1
	0.0

	0
	Jul
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.0
	0.0
	1.0
	0.0
	0.0
	0.0
	1.0
	0.0
	0.1
	0.0

	0
	Aug
	1.0
	1.0
	1.0
	0.8
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.8
	0.0
	0.0
	0.5
	0.0
	0.0
	0.0
	1.0
	0.0
	1.0
	0.0

	0
	Sep
	0.9
	1.0
	1.0
	0.0
	1.0
	1.0
	0.8
	1.0
	1.0
	1.0
	1.0
	0.0
	0.0
	0.0
	0.2
	0.0
	0.0
	0.0
	1.0
	0.0
	1.0
	0.0

	0
	Oct
	0.9
	1.0
	1.0
	0.0
	1.0
	1.0
	0.8
	1.0
	1.0
	1.0
	1.0
	0.0
	0.0
	0.0
	0.2
	0.0
	0.0
	0.0
	1.0
	0.0
	1.0
	0.0

	0
	Nov
	0.9
	1.0
	1.0
	0.2
	1.0
	1.0
	0.8
	1.0
	1.0
	1.0
	1.0
	0.2
	0.2
	0.2
	0.2
	0.2
	0.1
	0.1
	1.0
	0.2
	1.0
	0.0

	0
	Dec
	0.9
	1.0
	1.0
	0.2
	1.0
	1.0
	0.8
	1.0
	1.0
	1.0
	1.0
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	1.0
	0.2
	1.0
	0.0

	1
	Jan
	0.5
	1.0
	1.0
	0.2
	1.0
	1.0
	0.8
	1.0
	1.0
	1.0
	1.0
	1.0
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	1.0
	0.2
	0.2
	0.0

	1
	Feb
	0.3
	0.5
	1.0
	0.1
	1.0
	1.0
	0.3
	1.0
	1.0
	1.0
	1.0
	1.0
	0.1
	0.2
	0.1
	0.2
	0.1
	0.1
	1.0
	0.2
	0.2
	0.0

	1
	Mar
	0.1
	0.3
	1.0
	0.0
	0.5
	0.5
	0.1
	0.5
	0.5
	1.0
	1.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	1.0
	0.2
	0.2
	0.0

	1
	Apr
	0.0
	0.1
	0.8
	0.0
	0.3
	0.3
	0.0
	0.3
	0.3
	1.0
	1.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	1.0
	0.1
	0.1
	0.0

	1
	May
	0.0
	0.0
	0.7
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.8
	0.8
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.2
	0.0
	0.0
	0.0

	1
	Jun
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.7
	0.7
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1
	Jul
	1.0
	0.0
	0.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1
	Aug
	1.0
	1.0
	0.0
	1.0
	0.0
	0.0
	1.0
	1.0
	0.0
	0.0
	0.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1
	Sep
	1.0
	1.0
	0.0
	1.0
	0.0
	0.0
	1.0
	1.0
	1.0
	1.0
	0.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1
	Oct
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1
	Nov
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.1
	0.2
	0.1
	0.2
	0.1
	0.1
	0.2
	0.2
	0.2
	0.0

	1
	Dec
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2
	0.0



The leaching losses from mineral fertiliser application are further corrected for the potential rooting depth, which is the soil depth that can maximally be reached by plant roots of deep rooting crops. Shallow soils of less than 100 cm depth have higher leaching rates. For each cm below 100, the risk of N leaching increases by 0.5%, up to a maximum value of +35%, as shown in Eq. 8 and Fig. 4.
	corrdep = 1 + 0.005*(100-dep)
1.00 ≤ corrdep ≤ 1.35
	[bookmark: _Ref129101772]Eq. 8



corrdep	= correction factor for the potential rooting depth [-]
dep		= potential rooting depth [cm]

[image: ]
[bookmark: _Ref129101781]Fig. 4: Correction of the leaching risk of fertilizer N in non-cumulated periods for potential rooting depths below 100 cm. 
The total leaching Nleach [kg N ha-1] over the whole accounting period (starting after the harvest (start of the accounting period s) of the previous crop and ending with the harvest of the considered crop (end of the accounting period e)) is the sum of the N leaching in the cumulated periods and in the months of the non-cumulated periods, multiplied by a correction factor for winter precipitation (corrwp):
	
	Eq. 9



The correction for winter precipitation is introduced because nitrate leaching is strongly dependent on the availability of water percolating the top soil which, in turn, depends on the precipitation and most leaching occurs in this period. This ‘correction factor for winter precipitations' corrwp [-] represents the ratio of precipitation in the winter period (October to March for the Northern hemisphere) in the considered site or region to the precipitation at the site of Reckenholz, Switzerland, where the model was calibrated. The average precipitation wp [mm] October-March was 433 mm in Reckenholz (period 1961-1990), see Richner et al. (2014)) as most leaching occurs in this period. The total N leaching is multiplied by the respective correction factor. This is a rough approximation of differences in soil water balance, or differences in seepage occurring in different regions.
	corrwp = wp/433
	Eq. 10



Finally, the amount of N leached is converted into NO3 and shared between emissions to groundwater and surface water according to the fraction of the area with drainage (fdrain, [-]):
	NO3leachs = 62/14 * Nleach * fdrain
	Eq. 11



	NO3leachg = 62/14 * Nleach * (1 - fdrain)
	Eq. 12


Where
NO3leachs	= Nitrate leaching to surface water [kg NO3 ha-1]
NO3leachg	= Nitrate leaching to groundwater [kg NO3 ha-1]
fdrain 		= fraction of the area with drainage [-]

The N content of NO3 is 14/62. As explained in Online Resource 1 (ESM_1_SALCAfieldN), the indirect N2O emissions from nitrate leaching are calculated.

A limited validation of the model with analysis of soil samples from 0-10 m depths was performed for six crop rotations in (Bystricky et al. 2018).
3 Limitations
The model was calibrated and partly validated for Switzerland and it covers the three main Swiss production regions. It can be applied to regions with similar pedo-climatic conditions, e.g. in central Europe. The model is flexible and can also be adapted to different conditions, if needed. An adaptation to Austrian conditions is presented by Bystricky and Nemecek (2015).
The model is not applicable to:
· Organic soils with more than 15% of humus
· Soils where the ground water level changes during the year.
The following factors are not explicitly considered in the model:
· Precipitation and amount of seepage (with the exception of the correction for precipitation during the winter months). The model assumes that the amount of seepage exceeds the pore volume and that the water in the soil pores is exchanged more than once during the winter period (Richner et al. 2014), so that the whole nitrogen surplus is leached.
· Denitrification: is not explicitly considered. However, losses as N2O are substracted from the N inputs by fertilisers.
· N deposition: its inclusion in the N balance calculations would allows to take regional differences in N deposition into account.
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