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Modelling of vegetative filter strips in catchment
scale erosion control
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The efficiency of vegetative filter strips to reduce erosion was assessed by simulation modelling in
two catchments located in different parts of Finland. The areas of high erosion risk were identified by
a Geographical Information System (GIS) combining digital spatial data of soil type, land use and
field slopes. The efficiency of vegetative filter strips (VFS) was assessed by the ICECREAM model,
a derivative of the CREAMS model which has been modified and adapted for Finnish conditions.
The simulation runs were performed without the filter strips and with strips of 1 m, 3 m and 15 m
width. Four soil types and two crops (spring barley, winter wheat) were studied. The model assess-
ments for fields without VFS showed that the amount of erosion is clearly dominated by slope gradi-
ent. The soil texture had a greater impact on erosion than the crop. The impact of the VFS on erosion
reduction was highly variable. These model results were scaled up by combining them to the digital
spatial data. The simulated efficiency of the VFS in erosion control in the whole catchment varied
from 50 to 89%. A GIS-based erosion risk map of the other study catchment and an identification
carried out by manual study using topographical paper maps were evaluated and validated by ground
truthing. Both methods were able to identify major erosion risk areas, i.e areas where VFS are partic-
ularly necessary. A combination of the GIS and the field method gives the best outcome.
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Introduction

Eutrophication of surface waters is one of the
prime environmental concerns in Finland, and
agriculture comprises the major single source of
nutrients to surface waters (Rekolainen et al.
1995). The emphasis of the water protection pol-
icy (Ministry of the Environment 1999) is cur-

rently on controlling the non-point nutrient loss-
es from agriculture. The most extensive policy
measure has been implementation of the Agri-
Environmental Support Scheme in accordance
with the European Union’s Common Agricultural
Policy regulations (EEC 1992, EC 1999, Valpas-
vuo-Jaatinen et al. 1997).

A vegetative filter strip (VFS) is a vegetated
area designed into the downhill edge of a field
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slope to filter suspended material from surface
runoff water. By decreasing the runoff volume
and velocity, these strips may enhance deposi-
tion of eroded particles. To establish vegetative
filter strips of minimum one meter width along
main ditches, and not less than 3 meters wide
along rivers and other water courses are one of
the obligatory requirements for farmers joining
the program. An extra monetary incentive is giv-
en for a 15 meters wide buffer zone. More than
80% of Finnish farmers have joined the support
scheme since 1995, when Finland joined the
European Union. Several experimental studies
have shown that the reduction efficiencies of
vegetative filter strips (width usually < 10 m)
often exceed 50% for sediment and sediment-
bound nutrients, whereas no impact or even a
slight increase may occur in dissolved nutrients
(Young et al. 1980, Dillaha et al. 1989, Magette
etal. 1989, Schmitt et al. 1999, Uusi-Kamppi et
al. 2000). However, Ekholm et al. (1999) pro-
posed that reduction of soil loss may also reduce
soluble phosphorus, since some P release from
eroded soil particles may take place later in the
channel network. In Finland, the efficiency of
vegetative filter strips in controlling erosion and
nutrient losses was earlier studied experimentally
in one hill slope (Uusi-Kdmppéd and Yldranta
1996) and in a test field (Puustinen 1999), and
as a model assessment for the impact of filter
strip width on erosion (Rekolainen et al. 1993).
Due to the heterogeneity of soil and slopes, scal-
ing up of the results obtained from a single hill
slope is often difficult.

Several modelling studies have been per-
formed to assess the efficiencies of filter strips
(e.g. Tollner et al. 1976, 1977, Hayes et al. 1984,
Williams and Nicks 1988, Flanagan et al. 1989,
Munos-Carpena et al. 1999). Williams and Nicks
(1988) and Flanagan et al. (1989) used the
CREAMS model (Knisel 1980), which has been
criticized (see Munos-Carpena et al. 1999) be-
cause the CREAMS hydrology component does
not take into account the possible changes in
runoff volume and rate in the filter strip. How-
ever, during the high flow period in Finland, i.e.
the spring snowmelt, it is probable that the soil
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conditions in a filter strip and in a field above it
remain rather similar due to the persisting
groundfrost or high soil water content. A deriv-
ative of CREAMS, the ICECREAM model (Tat-
tari et al. 2001) was selected to be used in this
study. It has been adopted and validated to fit to
the local conditions already in earlier studies
(Rekolainen and Posch 1993, Tattari et al. 2001),
and these parameter sets were available in this
study. There are insufficient data available to
estimate parameters for physically based com-
plex multi-parameter models, like EUROSEM
and WEPP, but the ICECREAM model can be
parameterisized in drainage basin scale (Re-
kolainen et al. unpublished).

The objective of this study was to identify
the high erosion risk areas and to assess the effi-
ciency of vegetative filter strips in a catchment
scale. The areas of high erosion risk were iden-
tified by a Geographical Information System
(GIS) combining the digital spatial data of soil
type, land use and field slopes. The efficiency
of VFS was assessed by applying the
ICECREAM model to homogeneous geographi-
cal units. These model results were scaled up by
combining them to the digital spatial data. Fur-
thermore, GIS-based erosion risk maps and an
identification carried out by manual study using
topographical paper maps were evaluated and
validated by ground truthing. Both methods,
GIS-based erosion risk assessment and manual
VES study, were able to identify major erosion
risk areas, i.e areas where VFS is particularly
necessary. A combination of the GIS and the field
method gives the best outcome. The efficiency
of the VFS in erosion control in the whole catch-
ment area varied from 50% to 89%.

Material and methods

Catchments

Two catchments located in different parts of Fin-
land, Kanteleenjarvi and Ilmajoki, were chosen
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as study areas (Fig. 1). Soil type information of
topsoil (0-25 cm) was available as percentages
of the area of each Agricultural Advisory Dis-
trict in Finland (K&hdri et al. 1987).

The Kanteleenjarvi catchment (30.85 km?) is
a subcatchment of the River Porvoonjoki drain-
age basin in southern Finland. The river Por-
voonjoki flows into the Gulf of Finland. The
Kanteleenjdrvi catchment is a hilly district where
the slope varies up to 30%. In the middle of the
catchment there is a small important bird lake.
The area surrounding the lake is flooding regu-
larly. The dominant soil textural types in this area
are sandy clay (49%) and silty clay (18%). The
percentage of peat fields in the Kanteleenjirvi
catchment is 4.6%.

The Ilmajoki catchment (66.60 km?) is locat-
ed in western Finland. The River Kyronjoki di-
vides the area into two parts. The Ilmajoki catch-
ment is a flat district where the slope varies main-
ly between 1% and 2%, but the fields near the
river may be rather steep (slope >10%). The typ-
ical soil textural types in the area are sandy loam
(45%) and silt loam (17%). The percentage of
peat fields is 8.2%.

Typical land use in both catchments is agri-
culture (Table 1), but geographically and topo-
graphically the areas differ from each other. Typ-
ical crops in these areas are spring barley and
winter wheat but no spatial data of the crops were
available. In the Ilmajoki catchment there are
also cultivated grasslands. There are about 2.8
km? fields bordering water courses (<50 m dis-

Table 1. Land use classes of Kanteleenjirvi and Ilmajoki
catchments.

Classification Kanteleenjérvi Tlmajoki
[%] [%]
Water 2.7 0.8
Field 42.8 44 4
Cut forest 0.1 1.5
Open area 34 3.6
Open peatland 0.0 0.0
Scattered settlement 0.2 2.5
Forest 50.8 47.2
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Fig. 1. Location of the Kanteleenjarvi catchment (Porvoon-
joki) and the Ilmajoki catchment (Kyronjoki).

tance from the nearest stream) in the Kanteleen-
jarvi catchment and 6.6 km? in the Ilmajoki
catchment.

Digital geographical data bases

Land use data is based on land cover and forest
classification of Finland provided by the Nation-
al Land Survey of Finland (Vuorela 1997). It is
based on satellite images from the years 1986—
1994. The results have been improved by using
an agricultural area mask, which is based on
1:50 000 topographic maps. The cell size is
25 m*25 m. The database covers the whole of
Finland. It includes a total of 78 land use class-
es but in this work they are combined into 7
classes, namely water, field, open area, peatland,
forest, cut forest and scattered settlement.

Soil type data is based on soil textural infor-
mation of the Finnish Environment Institute
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(FEI) and the Geological Survey of Finland
(GSF). Soil type information of FEI covers
southern Finland in a scale of 1:100 000 and it
is available in 25 m*25 m cells. Soil type infor-
mation of GSF covers the whole country in a
scale of 1:1000 000 and it is available in format
85 m*85 m cells. Both soil type data are based
on maps of quaternary deposits in Finland. Maps
represent the soil type in 50 cm depth.

Field slopes were calculated from the Digit-
al Elevation Model (DEM), which is prepared
by the National Land Survey of Finland (NLS).
The cell size of the DEM is 25 m*25 m. The
model is based on contour and shore lines of
Finnish base maps (1:20 000). The interval of
contours in the base map is 5 metres for the great-
er part of the country and 2.5 metres in some
flatter areas. The DEM in raster format has been
generated from vector data of contour lines and
shore lines by using the TIN (Triangulated Ir-
regular Network) interpolation method.

Watercourses and ditches are digitized from
digital maps (1:20 000) provided by NLS. The
drainage basin boundaries have been prepared
by the FEI in scale 1:50 000.

The ICECREAM model

The ICECREAM model (Rekolainen and Posch
1993, Tattari et al. 2001) has been modified and
adapted for Finnish conditions. It is based on
several existing models: CREAMS (Knisel
1980), GLEAMS (Leonard et al. 1987, Knisel
1993), SOILN (Johnsson et al. 1987) and WEPP
(Lane and Nearing 1989). Snow accumulation
melt are calculated with a simple temperature
index model, where snowmelt is a function of
the daily mean temperature and degree-day con-
stant (Vehvildinen 1992).

As a derivative of CREAMS and GLEAMS,
ICECREAM is capable of predicting sediment
delivery through strips covered with homogene-
ous vegetation (Williams and Nicks 1988, Flan-
agan et al. 1989). However, as pointed out by
Dillaha and Hayes (1991), CREAMS-based
models do not simulate the principal physical
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processes affecting transport within a VFS. For
example, the hydrology component does not take
into account the altered infiltration conditions
(soil parameters are the same for VFS as for the
source field). The surface runoff is simulated
using a modification of the SCS curve number
method (USDA-SCS 1972). The curve number
as well as the roughness parameter (Manning’s
n) can be given for both vegetation covers. The
same applies for cultivation practices.

The ICECREAM erosion submodel computes
soil loss along a given slope and sediment yield
at the end of a hill slope in accordance with
modified USLE (Foster et al. 1977). Erosion is
divided into detachment and transport of sedi-
ment caused by rainfall or runoff and deposition.
Erosion caused by rainfall is pronounced in the
upper part of the slope, whereas the runoff typi-
cally cumulates in the direction of slope and is
thus dominant in the lower part of the slope.
Deposition of sediment occurs when the trans-
port capacity is less than the sediment load. Typ-
ically, the fine-grained particles drift with the
water for the greatest distance. In ICECREAM,
two types of erosion are distinguished, namely
sheet erosion, also called interrill erosion, and
rill erosion. The sediment transport capacity for
each particle size class, based on the potential
sediment load, is computed using Yalin’s sedi-
ment transport equation (Yalin 1963).

Model input data and parameterization

Four databases were available for VFS simula-
tion runs. The first included the crop-specific
parameters for 11 most typical plants in Finland.
The soil database consists of physical and chem-
ical properties of 13 different soil textural class-
es. Tillage implements are described by their
mixing efficiency as well as their efficiency for
residue incorporation in the tillage database.
Cultivation practices for each crop are described
in the separate files including information on the
dates of planting, fertilization, harvesting and
ploughing as well as used fertilizer amounts and
the depth of incorporation for each crop.
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Table 2. Soil properties and SCS curve number (CN2) for four soils after different cultivation practices for

barley and grass.

Soil type
Property Silt loam Silty clay Sandy clay Sandy loam
Clay content [m* m™] 0.19 0.46 0.36 0.09
Sand content [m* m] 0.13 0.09 0.46 0.69
Saturated hydraulic conductivity [mm h™'] 2 0.5 1.7 18
Soil erodibility factor 0.303 0.250 0.282 0.272
CN2, Planting, barley 63 83 79 57
CN2, Planting, grass 61 74 67 25
CN2, Ploughing 71 91 88 70

In this study, four different textural soil types
(silt loam, silty clay, sandy clay and sandy loam)
and two cereals, spring barley and winter wheat,
were selected for VFS analysis. These crops are
typical in the research areas. However, the cul-
tivation operations of these two small grains
deviate from one another. Spring barley is
ploughed in autumn and sowed in the beginning
of May. Winter wheat instead is ploughed, har-
rowed and sowed in autumn making the soil sur-
face quite smooth and vulnerable for erosion
(Puustinen 1999). In practice winter wheat is not
often cultivated during successive years due to
the late harvest of the crop.

Finnish soil classification is based on soil
texture and organic matter content. Soil types are
divided into mineral soils, which have less than
20% organic matter, and organic soils, which
have over 20% organic matter (Heinonen et al.
1996). English names of mineral soil types are
given according to the soil textural classes of Soil
Taxonomy. Organic soils were omitted from this
study because the model is unable to simulate
them. Approximately 10% of Finnish agricultural
fields are classified as organic soils (Puustinen
et al. 1994).

The simulation runs were performed with
daily meteorological data over a ten-year period
(1981-1990) from Jokioinen, south-western Fin-
land (Lat. 60°49', Long. 23°30"). A 10-year peri-
od was selected in order to include sufficient
variation in climatic and hydrological conditions.
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A fixed field segment, size, 9 m * 50 m, was
applied in all the simulation runs. The VFS was
added as an extension of the field segment.

The ICECREAM model was first used to cal-
culate erosion rates for field representing all rel-
evant slope-soil-crop combinations. The simu-
lation runs were performed without the filter
strips, and similar runs were simulated by add-
ing grass-covered filter strips representing
widths of 1 m, 3 m and 15 m to the field. Filter
strips were supposed to be fully established. In
the simulation runs, the VES was harvested at
the end of July. The main parameters affecting
erosion are presented in Table 2.

|dentification of high erosion risk and
potential VFS areas

Erosion risk areas were identified by GIS. All
fields which were bordering (<50 m) the main
ditches or other watercourses were analysed. The
automatic identification procedure combined
digital soil type maps to slopes of the fields and
the final result was an erosion risk map. Weight-
ing of the grids representing soil type, land use
and slope was based on the ICECREAM model
results. Soil type maps of FEI were used in the
Kanteleenjdrvi catchment and soil type maps of
GSF were used in the Ilmajoki catchment. Silt
and clay areas in digital soil type maps were as-
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sumed to correspond to silty clay and sandy clay
in the Kédhiri et al. (1987) material in the Kan-
teleenjdrvi catchment and to silt loam in the II-
majoki catchment, and till and moraine areas in
soil type maps were assumed to correspond to
sandy loam.

The impact of vegetated filter strips for high
risk areas within the catchments was assessed
by combining the ICECREAM model results to
the digital data. Land use maps, textural soil type
maps and field slope maps were combined to find
out how much eroded material leaves fields ac-
cording to ICECREAM model results. It was
assumed that 1 m, 3 m and 15 m wide vegetative
filter strips were established for all the fields
bordering the ditches and other watercourses.
The slope of the filter strip has been assumed to
be the same as the source field above. This eval-
uation was carried out separately for winter-
wheat and spring barley.

The manual identification of high erosion-
risk areas for the Kanteleenjdrvi catchment was
carried out by the Uusimaa Regional Environ-
ment Centre (Lamminpdd 1999). This procedure
was based on field visits and manual studies of
the topographic 1:20 000 maps of the area. In
addition, farmers were asked to supply informa-
tion on inclined erodible stream banks, and vis-
ible rills and gullies. Farmers were also asked to
report the frequency of flood events in their
fields. A regional manager constructed a VFS
plan for the catchment according to this infor-
mation. Filter strips were recommended in ap-
propriate places where the slope fell towards a
river, a stream or a main ditch. In the plan, the
following classifications were applied: filter strip
(1) not necessary, (2) necessary and (3) highly
necessary. Typically, on broad fields (with a large
erodible area) and on narrower but very steep
fields the filter strips were “highly necessary”,
whereas on moderately steep, easily erodible or
flooded fields filter strips were classified as “nec-
essary”. The automatic and manual identifica-
tion procedures for Kanteleenjidrvi were com-
pared and the areas of greatest differences were
verified by ground truthing.
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Results and discussion

Effect of slope, crop and soil type

The model assessments for fields without any
VES showed that the amount of erosion is clear-
ly dominated by slope gradient (Fig. 2.). As slope
increases from 0% to 3% the calculated erosion
increased by two orders of magnitude. Winter
wheat produced more erosion than spring bar-
ley, but the difference in the total amount of ero-
sion between these two crops diminished when
the soil became more coarse grained.

The soil texture was estimated to have great-
er impact on erosion than the crop, silt loam pro-
ducing approximately three times more erosion
than sandy loam (Fig. 2). Mineral soils accord-
ing to Finnish soil type classification may in-
clude more organic matter than mineral soils
according to international classifications (Soil
Taxonomy, FAO), when proportion of clay is
small (Yli-Halla et al. 2000). Probably the
erosion rate decreases when the amount of or-
ganic matter in soil increases. In soil map the
control section for soil texture is 50 cm, and
that information is combined with the soil tex-
tural type information of topsoil. But if the top-
soil is different from the control section of soil
map, wrong estimates for erosion may be ob-
tained.

The impact of the VFS on erosion reduction
was estimated to be highly variable, from 10%
to 86%, when the field above was spring barley,
and from 33 to 91% for winter wheat. Widening
the strip to 3 m and further to 15 m increased
the reduction efficiency, but the further reduc-
tion in erosion was less than the reduction
achieved by a 1 m VFS. The reduction efficien-
cy of wider strips was slightly better when the
source field above the strip was winter wheat
compared to spring barley. Generally, the reten-
tion efficiency was slightly lower for winter
wheat than for spring barley. Scanty vegetation
added to low surface roughness resulted in low-
er efficiency of VFS for winter wheat than for
spring barley, especially during late autumn.
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Fig. 2. Erosion at different slopes o
in different soil-crop combinations 2000 A
(no vegetative filter strip) based on
the model results. (Different scales 0

on the y axes).

Efficiency of VFS was modelled also when
field slope was 7% and soil textural class silty
clay. Reduction was 53-71% when crop was
winter wheat and about 90% when crop was bar-
ley. This is of same magnitude as measured by
Puustinen (1999) at Aurajoki experimental field,
where 14 m VES reduced erosion 58—-67%. Crop
was winter wheat, slope of the field was 8% and
soil textural type was heavy clay. According to
Uusi-Kdmppd (2000) erosion load was 60%
smaller from experimental fields with VFS than

Silt loam
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Silty clay Sandy clay Sandy loam

from those without VES. However, it is difficult
to compare these measured results to simulated,
because the slope of the test field was only a few
per cent but the slope of the filter strip was 10—
20%. Soil textural type was clay, crop was bar-
ley or oats and width of the filter strip 10 m.
On average, the retention percentage in-
creased when the slope steepness of the source
field increased. The inter-annual variation in ero-
sion rates was high (Fig. 3), mostly due to vari-
ation in temperature and precipitation. Moreo-
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ver, the filter strip efficiency varied between
years. However, this variation was not depend-
ent on the erosion rate, i.e. the retention efficien-
cy was also different in high erosion years. This
was probably due to the intra-annual variation
of the rainfall, i.e. the retention efficiency dif-
fers for rains with different intensity falling in
different stages of the year.

Catchment scale efficiency of VFS

The automatic identification procedure com-
bined digital soil type maps to slopes of the fields
in order to produce an erosion risk map (Figs. 4
and 5). Weighting of the grids representing soil
type, land use and slope was performed based
on the ICECREAM model results. Generally,
there were more high risk areas in the Kanteleen-
jarvi catchment than in the Ilmajoki catchment

in relation to the total length of ditches and riv-
ers. This was mainly due to the topographical
differences between these catchments.

The efficiency of the VFS in erosion control
in the whole catchment areas varied from 50%
to 89% (Table 3), being higher if the fields were
assumed to be under spring barley rather than

Table 3. Simulated retention of erosion (%) in study catch-
ments as percent of total amount for three widths of vege-
tated filter strips (VES).

1 m VFS 3mVFS  15mVFS
Kanteleenjarvi
spring barley 82 83 86
winter wheat 64 67 76
IImajoki
spring barley 85 86 89
winter wheat 50 55 67
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Fig. 4. Relative risk of erosion in areas bordering the main ditches or the river in the Kanteleenjérvi catch-

ment.

winter wheat. These are estimates for eroded soil
leaving the field but not eroded soil entering a
watercourse. Increasing the width of the strips
increased the erosion reduction only slightly for
spring barley, but more in winter wheat. This is
probably due to the higher erosion amounts for
winter wheat than for spring barley.

According to the model assessments even
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narrow (1 m) strips may reduce erosion remark-
ably. However, the assessment method used in
this study cannot take into account the possible
ageing and thus decreasing efficiency of the nar-
row strips nor the potential for higher probabil-
ity of more concentrated flow resulting in a high-
er risk of gully formation directly through the
narrow strips (Dillaha and Inamdar 1997).
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Fig. 5. Relative risk of erosion in areas bordering the main ditches or the river in the Ilmajoki catchment.

Comparison of GIS and field analysis
for VES

The GIS-based erosion risk map of the Kan-
teleenjdrvi catchment (Fig. 4) was compared with
the results of the manual VFS study of the Uusi-
maa Regional Environment Centre (Fig. 6) by
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field truthing. The repeatedly flooded areas are
also shown in Fig. 6.

Some appropriate locations for VFS were
systematically missed in the GIS-system due to
outdated or poor quality digital data. The main
reasons for this are: (1) some farmers had in-
stalled new subsurface drainage systems, where-
as the open drains were still seen in the maps;
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Fig. 6. The original vegetative filter strip plan of the Uusimaa environment centre and the areas added to the original plan

based on Geographical Information System analyses.

(2) in some areas the GIS-based maps showed a
misleadingly high erosion risk, whereas in real-
ity there was narrow (< 25 m) flat fields next to
forested hills (see Fig. 1, on the south side of
the ditch Vathuhdanoja). In these cells, the GIS-
map shows a combination of deep slope and
field; (3) the poor quality of the soil maps. In
addition, GIS-analysis totally neglected the are-
as which are repeatedly flooded.

The manual method had also missed some of
the high-risk areas. Because of the diverse in-
formation in the 1:20 000 paper map, the VFS-
planner might not “see” all the appropriate lo-
cations. Furthermore, if the fields are located in
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remote places, far from local roads, the planner
has no easy access to these sites. Even if the plan-
ner does visit all the possible VFS locations,
perspective, i.e. difference in the view from the
upper end of the field that from the lowest part
of the field, might lead to misinterpretation. As
a result of the GIS-study, the VFS-planner re-
visited some VFS locations and added them to
her VFS-plan (Fig. 6).

Both methods were able to identify major
erosion risk areas, i.e areas where VFS is highly
necessary. A combination of the GIS and the field
method gives the best outcome.
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Conclusions

The model assessments for fields without any
VES showed that the amount of erosion is clear-
ly dominated by slope gradient. The soil texture
was estimated to have greater impact on erosion
than the nature of the crop. The impact of the
VES on erosion reduction was estimated to be
highly variable. The results of this study dem-
onstrated that vegetative filter strips may be ef-
fective in erosion control in catchments, but that
the greatest advantage can be achieved in areas
with a high proportion of erosion risk areas, such
as high-slope fields neighbouring open ditches
and rivers.

According to the model assessments even
narrow (1 m) strips may reduce erosion remark-
ably. However, the assessment method used in
this study cannot take into account the possible
ageing and thus decreasing efficiency of the nar-
row strips nor the potential for higher probabil-
ity of more concentrated flow resulting in a high-
er risk of gully formation directly through the
narrow strips. Dissolved phosphorus in surface
runoff should have a higher priority than less
available sediment-bound phosphorus in water

protection policy. No or even increasing effects
of filter strips in dissolved phosphorus losses
have been reported (Uusi-Kdmppi et al. 2000).
Uusitalo et al. (2000) concluded, that the impor-
tance of erosion control increases with increas-
ing soil P status; the eroded matter from a high
P soil has a higher potential to produce dissolved
P in the receiving body of water than the eroded
matter from a low P soil. A narrow filter strip
may be sufficient if the soil has a low P status
but in high P soils a wider filter strip (> 1 m)
may be justified.

Finnish Environment Institute has invested
to GIS and nowadays cost of daily use is minor.
Digital data bases and modern GIS techniques
may provide a useful and inexpensive tool in
watershed management and may be an asset for
regional authorities in VFS planning. A combi-
nation of the GIS and the field method probably
gives the best outcome in defining the optimal
settings of filter strips.

Acknowledgments. The authors are grateful to Silja Suo-
minen and Anu Lamminpii from Uusimaa Regional Envi-
ronment Centre for providing the manual VFES plan for the
study and for the fruitful ground truthing trip. The study
was partly conducted with financial support from the Nor-
dic Council of Ministers.

References

Dilhalla, T.A. & Hayes, J.C. 1991. A procedure for the
design of vegetative filter strips. Final report to USDA
Soil Conservation Service. Washington, DC. 48 p.
& Inamdar, S.P. 1997. Buffer Zones as Sediment
Traps or Sources. In: Haycoc, N.E. et al. (eds.). Buffer
Zones: Their Processes and Potential in Water Pro-
tection. The Proceedings of the International Con-
ference on Buffer Zones September 1996. Environ-
ment Agency. p. 33-42.

Reneau, R.B., Mostaghimi, S. & Lee, D. 1989. Vege-
tative Filter Strips for Agricultural Nonpoint Source
Pollution Control. Transactions of the ASAE 32, 2:
513-519.

1999. Council Regulation (EC) No 1257/1999 of 17
May 1999 on support for rural development from the
European Agricultural Guidance and Guarantee Fund
(EAGGF) and amending and repealing certain Reg-
ulations. Official Journal of the European Communi-
ties No L160, Vol. 42: 80-101.

EC

110

EEC 1992. Council Regulation (EEC) No 2078/92 of 30
June 1992 on agricultural production methods com-
patible with the requirements of the protection of the
environment and the maintenance of the countryside.
Official Journal of the European Communities No
L215, vol. 85-90.

Ekholm, P., Kallio, K., Turtola, E., Rekolainen, S. & Puus-
tinen, M. 1999. Simulation of dissolved phosphorus
from cropped and grassed clayey soils in southern
Finland. Agriculture Ecosystems & Environment 72:
271-283.

Flanagan, D.C., Foster, G.R., Neibling, W.H. & Hurt, J.P.
1989. Simplified equations for filter strip design.
Transactions of the ASAE 32: 2001-2007.

Foster, G.R., Meyer, L.D. & Onstad, C.A. 1977. A runoff
erosivity factor and variable slope length exponents
for soil loss estimates. Transactions of the ASAE 20:
683-687.

Hayes, J.C., Barfield, B.J. & Barnhisel, R.l. 1984. Per-



AGRICULTURAL AND FOOD SCIENCE

IN FINLAND

Vol. 10 (2001): 99-112.

formance of grass filters under laboratory and field
conditions. Transactions of the ASAE 27: 1321-1331.

Heinonen, R., Hartikainen, H., Aura, E., Jaakkola, A. &
Kemppainen, E. 1996. Maa, viljely ja ympdristé.
WSOQY, Porvoo. 334 p. (in Finnish).

Johnsson, H., Bergstréom, L., Jansson, P.-E. & Paus-
tian, K. 1987. Simulated Nitrogen Dynamics and
Losses in a Layered Agricultural Soil. Agriculture Ec-
osystems & Environment 18: 333—-356.

Kéahari, J., Mantylahti, V. & Rannikko, M. 1987. Suomen
peltojen viljavuus 1981-1985. Aspekti Oy/Oy Lansi-
Suomi. 105 p. (in Finnish).

Knisel, W.G. (ed.). 1980. CREAMS, a field scale model

for chemicals, runoff and erosion from agricultural

management systems. USDA, Conservation Re-

search Report No. 26. 643 p.

(ed.). 1993. GLEAMS: Groundwater loading effects

of agricultural management systems. Version 2.10.

University of Georgia, Coastal Plain Experiment Sta-

tion, Biological and Agricultural Engineering Depart-

ment, Publication No. 5. 260 p.

Lamminpéaa, A. 1999. Suojavydhykkeiden yleissuunnitel-
ma Porvoonjoen valuma-alueella Askolassa ja Puk-
kilassa (General plan of riparian zones along River
Porvoonjoki in municipalities of Askola and Pukkila,
southern Finland, in Finnish). Uudenmaan ympéris-
tékeskus-Monisteita 53. 54 p.

Lane, L.J. & Nearing, M.A. (eds.). 1989. USDA — Water
Erosion Prediction Project: Hillslope profile model
documentation. NSERL Report No. 2, National Soil
Erosion Laboratory. ARS, W. Lafayette, Indiana.
233 p.

Leonard, R.A, Knisel, W.G. & Still, D.A. 1987. GLEAMS:
Groundwater loading effects of agricultural manage-
ment systems. Transactions of the ASAE 30: 1403—
1418.

Magette, W.L., Brinsfield, R.B., Palmer, R.E. & Wood,
J.D. 1989. Nutrient and sediment removal by vege-
tated filter strips. Transactions of the ASAE 32: 663—
667.

Ministry of the Environment 1999. Water Protection Tar-
gets for the Year 2005. The Finnish Environment 340.
Helsinki. 43 p.

Munos-Carpena, R., Parsons, J.E. & Gilliam, J.W. 1999.
Modeling hydrology and sediment transport in vege-
tative filter strips. Journal of Hydrology 214: 111-129.

Puustinen, M. 1999. Viljelysmenetelmien vaikutus pin-
taeroosioon ja ravinteiden huuhtoutumiseen. Suomen
ympéristé 285. Helsinki: Suomen ympéristokeskus.
116 p. (in Finnish).

, Merila, E., Palko, J. & Seuna, P. 1994. Kuivatustila,
viljelyskaytanto ja vesistokuormitukseen vaikuttavan
ominaisuudet Suomen pelloilla (Drainage level, cul-
tivation practises and factors affecting load on wa-
terways in Finnish farmland). Vesi- ja ympéristéhal-
linnon julkaisuja — sarja A 198. 323 p.

Rekolainen, S., Pitkédnen, H., Bleeker, A. & Felix, S. 1995.

Nitrogen and phosphorus fluxes from Finnish agri-

cultural areas to the Baltic Sea. Nordic Hydrology 26:

55-72.

& Posch, M. 1993. Adapting the CREAMS model for

Finnish conditions. Nordic Hydrology 24: 309-322.

—, Posch, M. & Turtola, E. 1993. Mitigation of agricul-
tural water pollution in Finland: An evaluation of man-
agement practices. Water Science and Technology
28: 529-538.

Schmitt, T.J., Dosskey, M.G. & Hoagland, K.D. 1999. Fil-
ter strip performance and processes for different veg-
etation, widths, and contaminants. Journal of Envi-
ronmental Quality 28: 1479—-1489.

Tattari, S., Barlund, I., Rekolainen, S., Posch, M., Siimes,
K., Tuhkanen, H.-R. & Yli-Halla, M. 2001. Modelling
sediment yield and phosphorus transport in Finnish
clayey soils. Transactions of the ASAE (in print).

Tollner, E.W., Barfield, B.J., Vachirakornwatana, C. &

Haan, C.T. 1977. Sediment deposition patterns in

simulated grass filters. Transactions of the ASAE 20:

940-944.

Barfield, B.J., Haan, C.T. & Kao, T.Y. 1976. Suspend-

ed sediment filtration capacity of simulated vegeta-

tion. Transactions of the ASAE 19: 678-682.

USDA-SCS 1972. National Engineering Handbook: Sec-
tion 4, Hydrology. United States Department of Agri-
culture Soil Conservation Service, Washington DC.
548 p.

Uusi-Kamppé, J., Braskerud, B., Jansson, H., Syversen,

N. & Uusitalo, R. 2000. Buffer Zones and Construct-

ed Wetlands as Filters for Agricultural Phosphorus.

Journal of Environmental Quality 29: 151-158.

& Kilpinen, M. 2000. Suojakaistat ravinnekuormituk-

sen vahentdjana. Maatalouden tutkimuskeskuksen

julkaisuja. Sarja A 83. Jokioinen, Maatalouden tut-

kimuskeskus. 49 p.

& Ylaranta, T. 1996. Effect of buffer strip on control-

ling erosion and nutrient losses in Southern Finland.

In: Mulamoottil, G. et al. (eds.). Wetlands: Environ-

mental Gradients, Boundaries and Buffers. Boca

Raton: CRC Press/Lewis Publishers. p. 221-235.

Valpasvuo-Jaatinen, P., Rekolainen, S. & Latosten-
maa, H. 1997. Finnish agriculture and its sustaina-
bility: Environmental impacts. Ambio 26: 448-455.

Vehviléinen, B. 1992. Snow cover models in operational
watershed forecasting. National Board of Waters and
the Environment 11. 112 p.

Vuorela, A. 1997. Satellite image based land cover and
forest classification of Finland. Reports of the Finn-
ish Geodetic Institute 97, 2: 42-52.

Williams, R.D. & Nicks, A.D. 1988. Using CREAMS to
simulate filter strip effectiveness in erosion control.
Journal of Soil and Water Conservation 43: 108—-112.

Yalin, Y.S. 1963. An expression for bedload transporta-
tion. Journal of Hydraulics Division, Proceedings of
American Society of Civil Engineering 89(HY3): 221—
250,

Yli-Halla, M., Mokma, D.L., Peltovuori, T. & Sippola, J.
2000. Suomalaisia maaprofiileja. Abstract: Agricul-
tural soil profiles in Finland and their classification.
Maatalouden tutkimuskeskuksen julkaisuja. Sarja A
78. 104 p. (in Finnish).

Young, R.A., Huntrods, R. & Anderson, W. 1980. Effec-
tiveness of vegetative buffer strips in controlling pol-
lution from feedlot runoff. Journal of Environmental
Quality 9: 483—-487.



AGRICULTURAL AND FOOD SCIENCE

IN FINLAND

Rankinen, K. et al. Modelling of vegetative filter strips in erosion control

SELOSTUS

Valuma-aluetason mallisovellus suojakaistojen kaytdsta eroosion torjunnassa

Katri Rankinen, Sirkka Tattari ja Seppo Rekolainen
Suomen ympdristokeskus

Tdmaén tyon tarkoituksena oli kehittdd kdytdnnollinen
menetelmi herkisti erodoituvien peltoalueiden kar-
toittamiseksi, eli niiden alueiden, jotka ovat optimaa-
lisia paikkoja suojakaistoille. Samalla arvioitiin myds
suojakaistojen tehokkuutta eroosion torjunnassa. Tut-
kimusalueiksi valittiin kaksi valuma-aluetta eri puo-
lilta Suomea. Helposti erodoituvat alueet arvioitiin
paikkatietojérjestelmélld yhdistdmélld tiedot maala-
jista, maan kidytostd ja pellon kaltevuudesta. Suoja-
kaistojen tehokkuutta arvioitiin ICECREAM-mallil-
la, joka on Suomen oloihin sovellettu versio
CREAMS-mallista. Mallinnus tehtiin ilman suoja-
kaistoja sekd lisddmilld peltoon 1 m, 3 m ja 15 m le-
veit suojakaistat. Ilman suojakaistoja tehtyjen mal-
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liajojen perusteella eroosion midré riippuu ldhinné
pellon kaltevuudesta. Maalajilla on suurempi vaiku-
tus eroosion madrddn kuin kasvilla. Suojakaistojen
tehokkuudet vaihtelivat suuresti eri tilanteissa. Mal-
liajojen tulokset yhdistettiin paikkatietojirjestelméddn
ja tulokseksi saatiin, ettd valuma-aluetasolla suoja-
kaistojen teho eroosion vidhentdmisesséd ojiin rajau-
tuvilta pelloilta oli 50-89 %. Paikkatietojdrjestelméin
perustuvaa suojakaistojen paikan arviointia verrattiin
kenttdtutkimukseen, joka oli tehty toisella valuma-
alueella. Molemmilla menetelmilld 16ydettiin ne
alueet, joilta eroosio on suurinta, mutta menetelmien
yhdistelmilld pééstiin parhaaseen lopputulokseen.
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