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Field-scale modelling is widely used as a means to look into interdependencies of processes and to assess
potential effects of agricultural management practices as well as of climate and socio-economic scenarios.
Generalisation from field-scale results to cover all agricultural land in a catchment by using typical soil-
crop-slope combinations has been restricted by a lack of information for the systematic parameterisation of
soils. Data from single experimental fields are seldom representative for the whole respective catchment. In
this study typical soil profiles for mineral agricultural soils in Finland are defined. Key parameters describ-
ing e.g. the texture and water holding capacity of soils, were generated from existing soil data using expert
knowledge and are aimed to be used for field-scale modelling when the target is not to model a particular
field but soils of certain type in general. Estimates for water balance and phosphorus losses, obtained with
the ICECREAM model by applying these data sets, were realistic and compatible with experimental results
measured in Finland.
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Introduction

Erosion and nutrient losses are commonly modelled
at the scale of a single field or at catchment scale
(e.g. Rekolainen et al. 1999, Wade et al. 2004, Wolf
etal. 2005, Grizzetti et al. 2005, Santhi et al. 2006,
Barlund et al. 2007, Hesse et al. 2008). Plot-scale
erosion and nutrient loss data is often scarce and
typically it is used to study the effects of different
agricultural practices on environmental loading (e.g.
Puustinen et al. 2005, Jégo et al. 2008). When long-
term diffuse loading data is available, it is possible
to get information on temporal variation of nutrient
losses (Granlund et al. 2005, Puustinen et al. 2007).
Field-scale modelling is an effective and useful
approach to develop and assess the efficiency of
management strategies which reflect natural proc-
esses, but the models are often poorly calibrated.
When fixing the calibration of event-based modelling
to a few experimental plots representing a small
excerpt of possible soil-crop combinations we might
lose variability that exists in nutrient losses at the
catchment scale. The characteristics of fields, such
as soil type, porosity, hydraulic conductivity, field
capacity and wilting point, and the occurrence of
horizons of different textures within a profile, can
vary widely, even within a field and certainly within
a catchment. The generalisation of modelling results
based on a single field to a wide agricultural area
may therefore result in erroneous conclusions about
erosion and nutrient losses.

The parent material of Finnish soils was depos-
ited quite recently (<12 000 years B.P.), and owing
to rather weak soil formation in the cool climate,
soils have been nationally classified according to
texture and organic matter content, not according
to pedogenesis. Soils are separated into (1) organic
soils (>20% organic matter), (2) till soils (moraine,
consisting of all or most textural fractions) and (3)
sorted mineral soils, further divided into different
textural classes. According to a compilation of soil
test results of 700 000 topsoil samples and 37 000
subsoil samples collected in 1981-85 (Ké&hari et
al. 1987), silt prevails in the topsoils (share of soil
classes 32%) while clay soils are most frequent in
the subsoil (share 39%). Organic soils (18% of top-
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soils) are most common in the north and east; those
with shallow organic topsoil have mineral subsoils
of varying texture. Till soils (16% of topsoils) are
common in east-central and northern Finland and
clay soils on the southern and south-western coast
while silt soils are more or less evenly distributed
throughout the country (Kahari et al. 1987). Com-
monly there is a clayey subsoil beneath a silty top-
soil (Yli-Halla et al. 2000), the clay soils dominate
in the major agricultural areas. Rivers draining
these areas transport substantial amounts of eroded
material into the sea, and the flow retention time
between fields and coastal waters is short.

The ICECREAM model has been developed
to study variables affecting erosion and processes
governing phosphorus (P) and nitrogen (N) losses
at field-scale in Finland (Tattari et al. 2001, Yli-
Halla et al. 2005, Granlund et al. 2008). Results of
single field-scale modelling have typically been ex-
trapolated to describe effects of different manage-
ment practices on agricultural land in a catchment
(e.g. Mattila et al. 2007). This approach is based
on modelling of different prevailing soil-crop-slope
combinations in the study area. Geological soil
maps, agricultural statistics and digital elevation
data can be utilised to derive information on these
factors but only on a very general level, usually
without detailed information on single model input
parameter values.

The most important question for model use re-
mains: how to parameterise soil to catch some of
the variability observed in soil sampling? A com-
prehensive study on physical properties of agricul-
tural soils in Finland (KUTI, Puustinen et al. 1994)
was carried out in the early 1990s. This data can
serve to anchor the model parameterisation on a
wider basis. In this study, typical soil profiles and
the corresponding range of soil characteristics in
Finland are described. Since no one correct param-
eter set exists, a sensitivity study was required to
show the range of key parameters and the effect of
this variability on simulated output variables. For
this the ICECREAM model was run for a range
of soil physical parameters. The output variables
studied were hydrological variables as well as ero-
sion and P loss.
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The objectives of this study were (1) to pa-
rameterise typical mineral soil profiles for the
ICECREAM model using key soil parameters, (2)
to model water balance components, erosion and
P losses for these typical Finnish agricultural soils
to highlight those output variables that are espe-
cially affected by the variability in soil parameters
and (3) to compare the results with measured data
from field experiments. Moreover, the correlation
of model results with model parameters was in-
vestigated.

Material and methods

Description of the soil profiles

This study utilised the data on physical properties
of Finnish agricultural soils collected in the KUTI
project (Puustinen et al. 1994). In that project the
production infrastructure of the farms, the cultiva-
tion practices and farming methods in Finland were
studied. One major aim of the KUTI project was to
identify the field characteristics which affect erosion
and nutrient losses, such as soil type, slope, plant
available P and vicinity of the field to a watercourse
or to amain ditch. Soil characteristics of the sampled
fields (n=1065) were statistically analysed within
the soil type groups used in Finland. The share of
fields randomly sampled was weighted according
to the share of agricultural land with this particular
soil type. In each randomly selected study field,
soil characteristics and other related variables were
analysed from soil samples taken systematically
along a transect across the study field. Results of
the statistical analyses including averages, standard
deviationsand 5, 10, 25, 50, 75, 90 and 95% percen-
tiles were calculated from all measured variables.
According to the KUTI results, cultivated fields of
Finland are generally quite flat, the median slope
being 0.7-0.8%. The share of the field area with a
slope greater than 3% is 17% (377 000 ha). Con-
tinuous authentic soil profiles were taken by auger
sampler down to the depth of two meters and the
soil type was specified visually in the field at 10 cm

intervals and additionally in the laboratory from
soil samples taken from the topsoil (plough layer,
topmost 20-25 cm) and the subsoil beneath the
plough layer. The share of clay soils in the subsoil
of the KUTI material was 35% (770 000 ha), silty
soils 16% (355 000 ha), coarse mineral soil 35%
(775 000 ha) and organic soils 14% (317 000 ha).
The KUTI material corresponds to the distribution
of soil types in soil testing (Kahari et al. 1987),
with the exception that the coarse mineral soils
were more abundant and silt soils less abundant in
the KUTI material.

The soil profiles for the ICECREAM model
were compiled from the KUTI database. The clas-
sification was based on the subsoil clay content.
Six different mineral soil type groups (Groups A
to F, three soils in each group) were composed on
the basis of soil textures separately for the topsoil
and the subsoil (Fig. 1). It is to be noted that the
limits of silt (0.002-0.06 mm) and sand (0.06-2.0
mm) fractions as used in the U.S. classification, on
which ICECREAM is based on, are different from
the Finnish ones (0.002-0.02 mm and 0.02-0.2,
respectively). Group A includes three clay soils
(>30% of clay) representing (1) minimum, (2) av-
erage and (3) maximum clay contents within the
clay soils (for further details see Table la, Annex
1). Groups B and C fall into the classes of silty clay
loam, silty clay and clay in the subsoil, incorporat-
ing topsoils from silt loam to clay loam. Group D
and E stand for silt and silt loam soils, group E
being clearly more coarse-textured with an average
sand content of 35% in the subsoil compared to
only 5% for group D. The group F represents sandy
loam and loamy sand and is clearly dominated by
the sand fraction, all with clay contents <5% in the
topsoil and <15% in the subsoil. The soil profiles
constructed for the present study stand for typical
conditions for Finnish cultivated soils where the
topsoil is more coarse-textured than the subsoil
(Mokma et al. 2000, Yli-Halla and Mokma 2001).
The three profiles of each group represent the range
of soil textures in each soil group. Even though
from Fig.1 it seems that the profiles concentrate
along the right side and the bottom of the classifica-
tion triangle, it is estimated that these profiles cover
approximately 70% of cultivated area in Finland.

404



AGRICULTURAL AND FOOD SCIENCE

Vol. 18 (2009): 402-416.

90 70 50 30 10
Sand (0.06-2.0 mm)

Fig. 1. Clay, silt and sand fractions for the six soil type class-
es (A-F). Mean (clay) values are indicated as full circles
for the top soil and open circles for the subsoils (connected
by a dashed line). The arrows indicate the ranges used for
each class in the simulations (Al and A3, etc.) connected
by thin dashed lines (see Table 1a in Annex 1).

Only the organic and the most coarse-grained soils
are excluded in this study.

Porosity, field capacity, wilting point, saturated
hydraulic conductivity in the subsoil and specific
gravity are measured values of selected soils in-
cluded in the KUTI database. Organic matter con-
tent was set as a constant for each soil group based
on the measurements of selected soils in the topsoil
layer and a unique value (1%) was given for all
subsoils based on expert knowledge. Typical pH
values (Lilja et al. 2006) were assigned to each
soil group. Saturated hydraulic conductivity was
only measured in the subsoil in each field studied
in the KUTI project. The hydraulic conductivity
of the corresponding topsoil layer was obtained by
multiplying the subsoil value by four, based on se-
lected data from MTT Agrifood Research Finland
(Heinonen et al. 2001). The variability of topsoil
saturated hydraulic conductivity over time is gener-
ally very large due to natural variability as well as
tillage practices and machinery used.
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The ICECREAM model

The ICECREAM model is based on the CREAMS
model (Knisel 1980) but it has been further de-
veloped to better deal with the Finnish conditions
(Rekolainen and Posch 1993, Tattari et al. 2001,
Yli-Halla et al. 2005). The hydrology component
simulates daily runoff using a modification of the
SCS curve number method (Soil Conservation
Service 1972). The erosion sub-model is based on
the modified USLE (Foster et al. 1977). The P and
N sub-model of ICECREAM is primarily based
on the GLEAMS (Knisel 1993) and EPIC (Jones
et al. 1984) models. Compared to Yli-Halla et al.
(2005), the evapotranspiration is now computed
with the Penman-Monteith model (Monteith and
Unsworth 1995) instead of the original Ritchie
equations (Ritchie 1972).

In ICECREAM the variability in soil physical
properties affects directly water balance compo-
nents, erosion as well as N and P loads. In addition,
it affects parameters such as soil erodibility (K fac-
tor) in the USLE equation and the curve number
CN2 used to calculate surface runoff. The K fac-
tor was calculated from soil texture, structure and
permeability according to Knisel (1993). The CN2
value is an empirical parameter and the choice fol-
lowed the outline used in GLEAMS (Knisel 1993,
p. 47) classifying the different soil types according
to the respective Hydrologic Soil Group for “fal-
low’ and ‘small grain’. The Manning’s n values are
based on expert knowledge: for barley and stubble
0.040, for the use of harrow 0.022 and for the use
of plough 0.025 were used for all soil types. The
CN2 values and K factors vary with soil type and
are thus presented in Tables Ib—c, Annex 1.

Previously (Yli-Halla et al. 2005), the initial
state of the labile P pool (P,) was operationally
defined as P extracted by anion exchange resin
(Uusitalo et al. 2001). An equation was developed
to derive the P, from the results of soil test P, ex-
tracted with an acid (pH 4.65) ammonium acetate
solution (P, ). The equation that was used in ear-
lier versions of the model was based on analyses
of 62 soil samples of different texture classes. For
the present study, the equation was amended by
analysing 91 more soil samples for the P extracted
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with acid ammonium acetate (P, ) and anion ex-
change resin (P,). These additional soils were pre-
dominantly clayey, representing the most important
agricultural soils of southern and south-western
Finland. The results of the two soil materials were
combined, and the following equation (1) was ob-
tained (R=0.568):

P,={24.842xlog(P, )-15.602 for P, >2.3 mg P dm(soil) (1)
2.213x P, for P, <2.3 mg P dm®(soil) (2)

The range of P, values used in the calculation
of equation (1) was 2.3-74 mg P dm of soil. The
relationship between P, and P, for P, <2.3 mg P
dm — a range that seldom occurs in field soils in
practice — is expressed in equation (2), which is a
straight line between 0 and the starting point of the
P, value obtained from equation (1). The equation
(1) has the same shape as the previous one (Yli-
Halla et al. 2005), i.e. the higher the concentration
of P,, the larger part of it is in the easily soluble
form, extractable with ammonium acetate. The new
equation yields slightly lower results for P, at any
level of P, , a result compatible with the fact that
at any level of plant-available P, fine-textured soils
have lower soil test P levels.

Model set-up

All simulations were performed for a standard spring
barley cultivation practice and 15-year climate data
(1981-2000, with five years for ‘warming-up’ the
model) from Jokioinen, south-western Finland. The
standard cultivation practice means annual repetition
of: harvesting at the end of August, ploughing early
September and seedbed preparation using a harrow
as well as sowing in early May. A fertilization of 15
kg ha* Pand 100 kg ha* N was added each year at
sowing. A field slope of 3%, which is higher than
the average field slope, was selected because dif-
ferences in simulated results are better visible, and
3% is not an extreme value. In the simulations, the
field size was set to 2.2 ha (length of the field 183 m,
width 120 m), the simulated profile thickness was 1
m (topsoil 22 cm, subsoil 78 cm) and the initial soil

test P, to 12 mg dm, both being average values in
Finland. The model was run for each soil profile (see
Tables la—c, Annex 1) separately and the simulation
results presented are averages of annual sums over
the 15-year simulation period.

Description of the statistical method

The correlation matrix between simulated erosion
as well as phosphorus losses and the initial model
soil parameters were calculated with the SPSS®
software. Here, the analysis was first made for all
six soil type groups and in addition the soils A, B
and C (clayey soils) and soils D and E (silty soils)
were analysed separately. Only parameters that were
measured in the KUTI project were included in
the analysis. Thus soil organic matter content, pH,
CNZ2, the erodibility factor (KSOIL) and Manning’s
n were excluded. The statistical analysis was first
and foremost performed to study how the model
parameters correlate with model output in general.
Since the correlation coefficient r is a rather poor
statistic measure for deciding whether the observed
correlation is statistically significant, no further
conclusions can be drawn for the causal relations
of the model parameters and the output.

Results and discussion

The variability in the output depended on the soil
type and differed from one output variable to another.
One reason is the variability in the measured input
parameters describing soil texture, such as the dif-
ference in soil moisture content at field capacity and
at wilting point (i.e. available water capacity), where
the average is largest for the medium-textured soils
of profiles D and E but with a considerable variability
also for especially the topsoil of profile C (Fig. 2).
Also the variability in saturated hydraulic conductiv-
ity was remarkable, both between the profile groups
and within one group, especially for the coarsest
profiles E and F. From previous sensitivity studies
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(Bérlund and Tattari 2001) it seems, however, that a
model with a water-holding-capacity-type strategy
to store and transport water is much more sensitive
to the values of the pF curve than to the saturated
hydraulic conductivity.

The average annual precipitation in 1986—-2000
was 687 mm a. On an annual level 40-55% of
precipitation was simulated to be either transpirat-
ed from vegetation or evaporated from the soil
depending on the soil profile. The highest aver-
age evapotranspiration was for soil profile E (363
mm a?!) and lowest for soil profile C (278 mm
a’l). The total simulated evapotranspiration values
are of the same magnitude as or slightly smaller
than presented by Solantie and Joukola (2001) for
agricultural fields in southern Finland. Simulated
evaporation was lower than transpiration for all
soil profiles (Fig. 3). The variation of transpira-
tion between the six soil profiles was considerable
(max. 68 mm al), but the variation within a soil
group was relatively small. On the other hand, the
variation of soil evaporation between the soil pro-
files was small (22 mm a'), but here the variation
within the groups was rather large, being highest
for the medium soil groups C—E where also the
variability in the parameters of the pF curve was
highest. One of the main factors affecting tran-
spiration and evaporation was the available water
capacity of soil. Evaporation was stronger linked
to the actual soil water content whereas the uni-
form crop reduced variability in transpiration. One
reason for the highest variability in evaporation
in the soil groups C-E was linked to the highest
variability in CN2 for these groups which affected
the amount of infiltrated water and thus the actual
soil water content.

The relationship between surface runoff and
root zone percolation showed a distinct pattern of
capacity type soil water management: the lower
the surface runoff the higher the percolation (Fig.
4). The soil profile group E showed, however, very
similar values to group A in spite of very different
clay contents and pF curve values in these two
groups. Soil type E has the highest available water
capacity combined with the highest evapotranspi-
ration values. This is one reason for the relatively
low percolation compared to surface runoff, as
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Annual average available
water capacity [m3/m?3]
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Fig. 2. Available water capacity (soil moisture content at
field capacity minus soil moisture content at wilting point,
average with min-max range) for the topsoils and subsoils
of the typical soil profiles.

Eplant and Esoil [mm/a]
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Fig. 3. Plant transpiration Eplant and soil evaporation Esoil
(average with min-max range) of the typical soil profiles.

percolation is the last calculated variable in a time
step reflecting changes in all other output varia-
bles. The variability was large within all soil type
groups but especially for groups A, B, D and E.
These are groups with high variation in the CN2
values and the variability in surface runoff trans-
lates directly to the variability in percolation. This
result highlights the importance of the empirical
CN2 parameter. It can be adjusted to correspond
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with the actual drainage efficiency — the poorer
the drainage, the more surface runoff is created
and the higher is the CN2 value to be set. The
ICECREAM version used did not include macro-
pore flow. The effect of drainage improvement on
the division between surface runoff and subsur-
face drainage has been demonstrated in the clayey
Kotkanoja research field in Jokioinen, Finland by
Knisel and Turtola (2000). As the aim of this study
was to establish a general soil physical parameter
set that can be used as a basis for simulations in
whole of Finland, this site specific parameter was
adjusted in a conservative way assuming average
drainage efficiency.

Simulated erosion followed to a certain degree
the result of surface runoff but also the combined
effect of soil texture factors (silt content) and fac-
tors derived from them (K factor) played a role
in explaining the variability within the soil type.
The annual average erosion values ranged from
32 to 563 kg ha' a* (Fig. 5). In an experimental
field similar to soil A the measured annual aver-
age (1991-2001) erosion (surface plus drainage)
for an autumn tilled field with changing drainage
efficiency was ca. 890 kg hal a (Turtola et al.
2007) which is somewhat higher than the range of
variability of the simulated erosion. The simulated
erosion, however, only accounts for erosion and
sediment loss through surface runoff. The most
erodible soil types were those of profile groups D
and E. Both groups also showed by far the highest
variability.

The results on P losses in surface runoff fol-
lowed the results of surface runoff and erosion to
a certain degree (Fig. 6). Except for the soil groups
E and F, the average values of soluble P in surface
runoff were very similar, around 0.27 kg hata™.
In soil group E the very low clay content in the
surface layer is conducive to a low P sorption ca-
pacity. This soil feature, combined with somewhat
higher surface runoff, leads to higher dissolved
P losses at the surface. Clearly the most impor-
tant driving factor for particulate P loss in surface
runoff was the simulated erosion, displayed also
in the variability within the soil groups. Trans-
port of particulate P through the drainage is still
a transport pathway that is missing in the current

Qsurf and Qperc [mm/a]
300

2501

2001

1501

100

50 1

0 T T T T T
A B C D E F

Soil type

O Qsurfawe) @ Qperc(awe)

Fig. 4. Surface runoff Qsurf and root zone percolation Qperc
(average with min-max range) of the typical soil profiles.

Erosion [kg/ha/a]
1400

1200+
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A B C D E F
Soil type

Fig. 5. Erosion (average with min-max range) of the typi-
cal soil profiles.
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=N
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Fig. 6. Soluble P DPsurf and sediment bound P partPsurf
in surface runoff (average with min-max range) of the typ-
ical soil profiles.
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ICECREAM version. This state of the art reduces
the possibilities to compare the simulated results
with field measurements on clay soils where losses
of particulate P through subsurface drainage are
considerable (Turtola and Paajanen 1995). An
approach to include macropore transport in field-
scale simulation of P loss is given e.g. by Lars-
son et al. (2007). The soluble P loss in root zone
percolation (Fig. 7) was closely connected to the
hydrological variable, i.e. deep percolation (Fig.

DPperc [kg/ha/a)
0.06

0.05 1

0.04 1

0.03 1

0.02 1

0.01 1

000 T T T T T
Soil type

Fig. 7. Soluble P in root zone percolation DPperc (average
with min-max range) of the typical soil profiles.

upP [kg/hala]
21.4

21.27
21.0 1 —L
20.8 1
20.6 1
20.4 1

20.2 1

20.0 T T T T T
Soil type

Fig. 8. Crop uptake of P upP (average with min-max range)
of the typical soil profiles.
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4). Compared to the surface runoff component the
amounts of P transported out of the profile were
very small. The variability in soluble P loss in per-
colation reflected the variability of e.g. the clay
content affecting sorption capacity but the differ-
ences between the soil groups were governed by
the deep percolation result which became evident
for the soil group E. Simulated P uptake of the
total crop was higher than P fertilization (15 kg
ha a?) for all soil groups (Fig. 8). The variability
between the soil groups was small ranging from
20.5 to 21.3 kg ha a! but the variability within
a soil group (e.g. soil group C) can be as large.
The main factor affecting the variability between
the soil groups was transpiration (Fig. 3) but most
likely also the amount of plant available P in the
root zone played a role as it is affected by the sorp-
tion capacity. Soil P pools were however not in-
cluded in this analysis. The measured total P losses
for a field similar to soil B (Turtola, 1999) were
of the same order than the ones simulated in this
study. The measured dissolved P loss was lower
than the simulated one due to the higher P status
in the model set-up.

The correlation matrix between simulated ero-
sion and P losses and soil parameters is presented
in Tables 1-3. Special emphasis is given here on
r values > 0.5. For erosion the closest correlation
was found with the fraction of sand and the satu-
rated hydraulic conductivity. Additionally, for the
silt soil group (Table 3) the correlation between
erosion and the fraction of clay and sand as well as
with available water in the plough layer was rather
high. Considering all soil type groups together, the
loss of particulate P followed the behaviour of ero-
sion (Table 1). For the clay soil group (Table 2),
saturated hydraulic conductivity was the only soil
characteristic correlating well with particulate P.
On the other hand, for the silt soil group several
parameters, such as the fraction of clay, correlated
positively and the fraction of sand and saturated
hydraulic conductivity correlated negatively with
particulate P loss. None of the parameters corre-
lated very closely with soluble P in surface runoff
(DPsurf), even though for clay and silt soil group
the correlation was slightly better. In reality, solu-
ble P transport is regulated by the soil P status
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Table 1. Correlation of the KUTI-ICECREAM parameters with erosion and phosphorus fractions for all
soil textures.

Erosion DPsurf partPsurf DPperc
SSPG_m 0.32 0.01 0.28 —-0.52
SSPG_j 0.16 -0.15 0.19 —-0.56
SOLCLY_m 0.24 -0.05 0.25 —-0.73
SOLCLY_j 0.26 -0.03 0.27 -0.76
SOLSND_m —-0.62 -0.36 —-0.59 0.73
SOLSND_j —-0.60 -0.25 —-0.59 0.70
RC j —0.55 —0.37 -0.59 0.69
SOLPOR m —0.06 —-0.29 —0.12 -0.39
SOLPOR j -0.12 —0.49 -0.09 -0.33
FCBRI15 m -0.14 0.31 -0.16 0.25
FCBRI15 j -0.15 0.41 -0.15 0.02

SSPG: Soil specific gravity; SOLCLY: Clay content; SOLSND: Sand content; RC: Saturated hydraulic
conductivity; SOLPOR: Soil porosity; FCBR15: Available water capacity; _m: Topsoil; _j: Subsoil

Table 2. Correlation of the KUTI-ICECREAM parameters with erosion and phosphorus fractions for clay
soils (soil groups A—C).

Erosion DPsurf partPsurf DPperc
SSPG_m 0.21 —-0.01 0.02 —-0.87
SSPG_j 0.04 —0.01 —0.14 -0.71
SOLCLY_m 0.11 0.02 —-0.01 -0.96
SOLCLY_j 0.02 0.00 —-0.13 —0.98
SOLSND_m —-0.69 -0.42 -0.31 0.55
SOLSND_j -0.36 0.07 —-0.05 0.46
RC j —0.69 —0.58 -0.69 0.46
SOLPOR_m -0.10 —0.08 -0.37 —0.68
SOLPOR j —0.28 -0.38 -0.34 —0.64
FCBR15 m —0.01 0.12 -0.21 0.18
FCBRI5 j -0.16 -0.12 -0.24 -0.83

SSPG: Soil specific gravity; SOLCLY: Clay content; SOLSND: Sand content; RC: Saturated hydraulic
conductivity; SOLPOR: Soil porosity; FCBR15: Available water capacity; m: Topsoil; _j: Subsoil

and the cultivation practices. On the contrary, most the correlation was high, the amount of soluble P
parameters correlated quite closely with soluble transported by this route, i.e. through percolation,
P in root zone percolation (DPperc). Although was negligible (see Fig. 7).
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Table 3. Correlation of the KUTI-ICECREAM parameters with erosion for silt soils (soil groups D and E).

Erosion DPsurf partPsurf DPperc
SSPG_m 0.49 -0.19 0.45 0.00
SSPG _j 0.34 0.07 0.35 0.06
SOLCLY_m 0.98 0.58 0.96 —0.68
SOLCLY j 0.92 0.54 0.88 —-0.67
SOLSND_m -0.51 0.11 -0.43 0.00
SOLSND_j —-0.61 0.07 —-0.56 0.02
RC j -0.55 -0.37 —0.57 0.33
SOLPOR_m —-0.20 —0.48 —-0.35 0.35
SOLPOR j —-0.25 —0.86 —-0.28 0.77
FCBRI15 m —-0.69 —-0.16 —0.60 0.29
FCBRI15_j -0.18 0.56 —-0.12 —0.49

SSPG: Soil specific gravity; SOLCLY: Clay content; SOLSND: Sand content; RC: Saturated hydraulic conductivity;
SOLPOR: Soil porosity; FCBR15: Available water capacity; m: Topsoil; j: Subsoil

Conclusions and outlook

This study presents parameter sets of soil physical
properties for typical Finnish agricultural mineral
soils that are based on existing soil data and their
systematic use for model parameterisation purposes.
The aim was to generate a parameter set that can
be used for field-scale modelling when the target
is not to depict one particular field but e.g. a Finn-
ish silty clay soil in general. The comparison of
ICECREAM results with experimental data on the
water balance and P losses is not to be considered
a model validation, but to show that with the pa-
rameter sets proposed here a realistic magnitude
of these selected output variables can be obtained.
Further work with respect to nitrogen leaching is
still required.

In this study two sources of variability were de-
tected. The principal variability has its origin in the
multitude of texture combinations that make one
particular soil type. The second, sometimes even
larger variability arises from the method to derive
other parameters than the measured ones, such as
the erodibility K factor and the CN2 values which
are partially derived from soil physical parameters.
On a field slope of 3% choices affecting erosion
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and thus particulate P transport in surface runoff
are particularly important.

The result of the correlation analysis confirms
the well-known close connection between erosion
and particulate P transport. There seems to be a
distinct difference, however, between the two solu-
ble P loss variables. Soluble P in percolation was
closely connected to the soil texture parameters
included in this database, whereas for soluble P in
runoff other parameters such as soil P status and
the cultivation practices could be more relevant.
Concerning soluble P loss, the silt loam soils (soil
group E) posed an exception. As the soluble P loss
in surface runoff for the other soil groups was near-
ly the same (and thus most likely not affected by
variability in soil texture), for soil E texture seemed
to play a role. For soluble P loss in percolation for
group E the result was more affected by the indirect
effect through reduced percolated water (resulting
from enhanced evapotranspiration) than the effect
of clay content on the sorption capacity. This high-
lights the complex, often non-linear relationships
between the different processes and output compo-
nents in a model like ICEREAM.

This study shows effects of parameter variabil-
ity on simulated P transport. To cope with the ef-
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fects of this variability on environmental loading in
the real world, we need to analyse how much of the
agricultural soils in a particular river basin would
fall into the soil types D and E, i.e. silt and silt
loam soils (for surface runoff and percolation also
soil type A, i.e. clay soils) where variability was
especially high, since on catchment scale this vari-
ability has to be taken into account when a model
like ICECREAM is used for the environmental as-
sessment of management practises.

In this study, the basic parameterisation for
the soils in Finland was established for model-
ling purposes. In the next phase, different classes
of slope steepness will be added to simulate ero-
sion and P losses using the model parameterisation
presented here. The current ICECREAM work to
create a parameter database for general model ap-
plications was limited to the physical parameters
of soil. The parameterisation of crops would be
the next step recommended for systematising the
use of ICECREAM and similar type of models in
Finland.
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SELOSTUS

Simuloitu eroosion ja fosforihuuhtoumien vaihtelu tyypillisissa peltomaaprofiileissa

llona Bérlund, Sirkka Tattari, Markku Puustinen, Jari Koskiaho, Markku Yli-Halla ja Maximilian Posch

CESR, Helsingin yliopisto ja Coordination Centre for Effects/PBL

Peltomittakaavaista mallinnusta kdytetdan yleisesti sil-
loin, kun tarkastellaan prosessien kuten pintavalunnan
ja perkolaation valisid riippuvuussuhteita, arvioidaan
toimenpiteitd maataloudesta tulevien huuhtoumien
véhentdmiseksi tai silloin kun halutaan arvioida ilmas-
to- tai sosio-ekonomisten skenaarioiden hahmottaman
tulevaisuuden mahdollisia vaikutuksia vesitaseeseen,
eroosioon ja ravinteiden huuhtoumaan. Peltokohtaisen
mallinnustuloksen laajentaminen koskemaan koko
valuma-alueen maatalousmaata on teknisesti mahdollista
kayttamalla tyypillisen maaperén, pellon kaltevuuden ja
viljelykasvin muodostamia yhdistelmid. Tamén lahes-
tymistavan kayttdd on toistaiseksi rajoittanut tarvittavan
tiedon puute maaperdn systemaattiseksi parametrisoi-
miseksi. Yksittaisen kenttdkokeen tulos on harvoin

edustava koko valuma-alueen mittakaavassa. T&ssé
tutkimuksessa esitetddn yksi tapa ryhmitella maaperén
fysikaalisia ominaisuuksia siten, ettd niistd voidaan
johtaa useita maaperédkohtaisia tyypillisid parametri-
sointeja. Ndmad tyyppiprofiiliparametrisoinnit kuvaavat
kivennaismaalla sijaitsevien peltojen ominaisuuksia Suo-
messa. Mallinnusta varten maaperdn ominaisuustiedot,
kuten tekstuuri ja vedenpidatyskyky, johdettiin olemassa
olevasta maaperdaineistosta. Tyyppiprofiiliparametri-
sointia voidaan kaytta4 silloin kun tarkoituksena ei ole
mallintaa yhté tiettyé peltoa vaan tietty& maalajia olevia
peltoja laajemmin. Kun t4ta parametrisointia kédytettiin
ICECREAM-mallissa, saadut simulointitulokset olivat
vesitaseen ja fosforin osalta realistisia ja vastasivat Suo-
messa kenttékokeissa saatuja tuloksia.
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Appendix
Appendix 1. THE KUTI-ICECREAM PARAMETER DATABASE

Table Ia. Parameter values for the various soil type classes (A—F) and the minimum, mean and maximum clay content pro-
files within them (1-3). Parameters 1—6.

Parameter number P1 p2 P3 P4 P5 P6
Unit [t m3] [t m?] [m3m¥] [m3 m] [m3m?] [m3m?]
Soil specific ~ Soil specific grav- Clay Clay Sand Sand
Parameter description gravity, ity, content, content, content, content,
topsoil subsoil topsoil subsoil topsoil subsoil
Abbreviation SSPG m SSPG j SOLCLY m SOLCLY j SOLSND m SOLSND j
Al 3.164 3.341 0.470 0.610 0.170 0.033
A2 3.141 3.471 0.620 0.741 0.030 0.069
A3 3.577 3.621 0.710 0.925 0.005 0.013
B1 2931 3.159 0.300 0.300 0.030 0.020
B2 2.924 3.489 0.380 0.442 0.130 0.008
B3 3.164 3.302 0.450 0.590 0.040 0.003
C1 2.419 3.321 0.150 0.305 0.090 0.160
C2 2.578 3.234 0.260 0.358 0.310 0.162
Cc3 2.924 3.115 0.340 0.450 0.250 0.200
D1 2.795 2.886 0.050 0.037 0.210 0.153
D2 3.010 2.436 0.100 0.175 0.090 0.045
D3 3.058 2.794 0.170 0.280 0.070 0.010
El 2.930 2.621 0.020 0.008 0.390 0.503
E2 2.523 2.579 0.050 0.086 0.260 0.354
E3 2.885 2.713 0.140 0.193 0.300 0.270
F1 2.716 2.716 0.030 0.009 0.840 0.881
F2 2721 2721 0.040 0.043 0.680 0.697
F3 2.738 2.432 0.070 0.167 0.640 0.399

Table Ib. Parameter values for the various soil type classes (A—F) and the minimum, mean and maximum clay content pro-
files within them (1-3). Parameters 7—12.

Parameter number P7 P8 P9 P10 P11 P12
Unit [mm h?] [mm h?] [m®m?] [ [-] [m3 m3]
Parameter description Saturated hydraulic Saturated hydraulic Organic matter pH, pH, Soil porosity,
conduct.topsoil conduct.subsoil  content, topsoil*  topsoil subsoil topsoil
Abbreviation RC m RC j SOLORG m  PH_m PH_j SOLPOR m
Al 9.6 2.4 0.089 5.7 5.8 0.594
A2 0.8 0.2 0.089 5.7 5.8 0.551
A3 0.8 0.2 0.089 5.7 5.8 0.611
B1 0.8 0.2 0.089 5.7 5.8 0.450
B2 3.2 0.8 0.089 5.7 5.8 0.441
B3 0.8 0.2 0.089 5.7 5.8 0.594
C1 8.8 2.2 0.072 5.7 5.7 0.535
Cc2 6.4 1.6 0.072 5.7 5.7 0.515
C3 1.6 0.4 0.072 5.7 5.7 0.441
D1 36.8 9.2 0.072 5.7 5.7 0.431
D2 11.2 2.8 0.072 5.7 5.7 0.447
D3 0.8 0.2 0.072 5.7 5.7 0.495
El 912 228 0.066 5.6 5.6 0.488
E2 19.2 4.8 0.066 5.6 5.6 0.446
E3 0.8 0.2 0.066 5.6 5.6 0.369
F1 1160 290 0.066 5.6 5.6 0.452
F2 640 160 0.066 5.6 5.6 0.477
F3 168 42 0.066 5.6 5.6 0.439
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Table Ic. Parameter values for the various soil type classes (A—F) and the minimum, mean and maximum clay content pro-
files within them (1-3). Parameters 13—18.

Parameter number P13 P14 P15 P16 P17 P18
Unit [m® m?] [m® m?] [m® m?] [-] [-] [-]

Soil porosity, Available water Available water Curve number Curve number, Erodibility factor
Parameter - ] .
description subsoil capac@y, capacn_y, CNZ,_ CN2,

topsoil subsoil bare soil barley

Abbreviation SOLPOR j FCBRI15 m FCBRI5 j CN2_bare CN2_barley KSOIL
Al 0.627 0.120 0.124 86 85 0.243
A2 0.646 0.124 0.127 94 88 0.243
A3 0.645 0.130 0.148 93 88 0.243
B1 0.488 0.107 0.077 93 83 0.303
B2 0.663 0.112 0.092 91 84 0.290
B3 0.548 0.120 0.079 93 88 0.243
C1 0.489 0.237 0.085 86 70 0.337
Cc2 0.543 0.106 0.085 88 84 0.277
C3 0.506 0.112 0.094 92 87 0.243
D1 0.480 0.261 0.096 81 75 0.431
D2 0.516 0.178 0.092 86 84 0.431
D3 0.424 0.129 0.113 93 88 0.431
El 0.442 0.332 0.232 70 69 0.101
E2 0.366 0.248 0.222 82 76 0.137
E3 0.374 0.258 0.238 93 88 0.347
F1 0.452 0.135 0.158 70 57 0.101
F2 0.477 0.178 0.178 70 65 0.101
F3 0.462 0.171 0.146 77 67 0.137
(Footnotes)
1 A contant value for Organic matter content for subsoil (SOLORG _j) of 0.01 m® m- was used for
all soil types.
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