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Modeling tools are needed to assess (i) the amounts of loading from agricultural sources to water bodies
as well as (ii) the alternative management options in varying climatic conditions. These days, the imple-
mentation of Water Framework Directive (WFD) has put totally new requirements also for modeling ap-
proaches. The physically based models are commonly not operational and thus the usability of these models
is restricted for a few selected catchments. But the rewarding feature of these process-based models is an
option to study the effect of protection measures on a catchment scale and, up to a certain point, a possibil-
ity to upscale the results.

In this study, the parameterization of the SWAT model was developed in terms of discharge dynamics and
nutrient loads, and a sensitivity analysis regarding discharge and sediment concentration was made. The
SWAT modeling exercise was carried out for a 2" order catchment (Yldneenjoki, 233 km?) of the Eurajoki
river basin in southwestern Finland. The Ylédneenjoki catchment has been intensively monitored during
the last 14 years. Hence, there was enough background information available for both parameter setup
and calibration. In addition to load estimates, SWAT also offers possibility to assess the effects of vari-
ous agricultural management actions like fertilization, tillage practices, choice of cultivated plants, buffer
strips, sedimentation ponds and constructed wetlands (CWs) on loading. Moreover, information on local
agricultural practices and the implemented and planned protective measures were readily available thanks
to aware farmers and active authorities. Here, we studied how CWs can reduce the nutrient load at the outlet
of the Yldneenjoki river basin.

The results suggested that sensitivity analysis and autocalibration tools incorporated in the model are use-
ful by pointing out the most influential parameters, and that flow dynamics and annual loading values can
be modeled with reasonable accuracy with SWAT. Sensitivity analysis thus showed the parameters which
should be known better in order to result in more realistic parameter values. Moreover, the scenario runs
for CWs made with SWAT revealed the high demand of land area for this protective measure to be sub-
stantially effective.
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Introduction

Due to the obligations set by the EU Water Frame-
work Directive (WFD), the environmental authori-
ties are in need for information on the effects of
different management options aimed at improved
water quality. In addition to the knowledge ob-
tained from the Finnish field-scale experiments on
the effects of agricultural practices and protection
measures on loading (e.g. Turtola and Kemppainen
1998, Koskiaho et al. 2003, Puustinen et al. 2005,
Uusi-Kamppa 2005), mathematical modeling tools
are needed to generalize the effects in varying
environmental conditions on the catchment scale.
Models like SOIL/SOILN (Johnsson et al. 1987),
GLEAMS (Knisel 1993) and ICECREAM (Tattari
et al. 2001) have been used to assess phosphorus
(P) and nitrogen (N) losses from agricultural land
in Finland (Granlund et al. 2000, Knisel and
Turtola 2000, Tattari et al. 2001). The catchment
scale INCA-N model has also been applied for
selected river basins (Rankinen et al. 2004). These
models have, however, limitations partly in terms
of catchment-scale evaluations of loading and the
effects of management actions. For these purposes,
the SWAT model (Soil and Water Assessment Tool
(Arnold et al. 1998, Neitsch et al. 2005)) offers an
attractive alternative. Unlike many other models,
SWAT has an open-source code and since there
are numerous SWAT users around the world, the
model is regularly updated and the developers offer
support for users. The SWAT model was chosen for
this study since it simulates all relevant variables,
suspended sediment as well as P and N loading
on catchment scale. SWAT has also a potential to
estimate the effects of a broad range of cultivation
practices like reduced tillage and water protection
measures such as buffer zones and CWs. SWAT has
already been found to have potential with respect
to the future requirements set by WFD in Scotland
(Dilks et al. 2003) and in Finland (Bérlund et al.
2007). In cold winter conditions SWAT has been
applied in Canada (Lévesque et al. 2008). In Finland,
the SWAT model has been previously applied to the
rivers basins of Vantaanjoki (Grizzetti et al. 2003)
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and Yléneenjoki (Bérlund et al. 2007, Bérlund and
Kirkkala 2008, Tattari et al. 2008).

The objectives of this study are twofold: first
to determine the most influential parameters which
result in a substantially reduced parameter set for
model calibration and to apply the SWAT auto-
calibration tool to improve model fit. Second ob-
jective was to test and evaluate the usefulness of
the SWAT model (SWAT2005) for assessing the
load estimates as well as to test the model’s ability
to estimate the effect of CWs in an agriculturally
dominated catchment.

Material and methods

The SWAT model

The SWAT model (Soil and Water Assessment Tool)
is a continuous time model that operates on a daily
time step at catchment scale (Arnold et al. 1998,
Neitsch et al. 2005). It can be used to simulate wa-
ter and nutrient cycles in agriculturally dominated
large catchments. The catchment is generally par-
titioned into a number of sub-basins based on the
threshold area which defines the minimum drainage
area required to form the origin of a stream. The
smallest unit of discretization is a unique combi-
nation of soil and land use overlay referred to as a
hydrologic response unit (HRU). SWAT is a partly
process-based model and partly a distributed model,
including many empirical relationships. The water
quantity processes simulated by SWAT include
precipitation, evapotranspiration, surface run-off
and lateral subsurface flow, ground water flow and
river flow. Water quality processes are calculated
with various well-known equations. For example,
erosion caused by rainfall and runoff is computed
with the Modified Universal Soil Loss Equation
(MUSLE) (Williams 1975). In terms of P, the
primary mechanism of soluble fraction movement
in the soil is by diffusion. Organic and mineral P
attached to soil particles may be transported by
surface runoff to the main channel (Neitsch et al.
2005). For channel flow simulation, SWAT uses
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Manning’s equation coupled with variable storage
or Muskingum routing method. Interactions and
relationships of the QUAL2E model (Brown and
Barnwell 1987) are used as in-stream water quality
processes in SWAT. The model has been widely used
but also further developed in Europe (e.g. Eckhardt
et al. 2002, Krysanova et al. 1999, van Griensven
and Meixner 2003).

The experimental catchment

The Yldneenjoki catchment, 233 km? in area, is
located on the coastal plains of south-western Fin-
land, thus the landscape ranges in altitude from 50
to 100 m above the sea level (Fig 1.). The soils in
the river valley are mainly clay, whereas moraine
and peat soils dominate elsewhere in the catchment
(Fig. 1). Forests and natural wetlands cover 65% of
the catchment the rest being agricultural (34%) and
urban (1%) areas. Agriculture in the Ylidneenjoki
catchment consists of mainly cereal production
(Fig. 1) and poultry husbandry and in this part of
Finland agriculture can be considered as intensive
for Finnish standards. Subsurface drainage is applied
for major part of the agricultural soils in Ylaneenjoki
catchment. The recommended drain depth is circa
1.2 m and drain spacing around 20 m depending
on hydraulic conductivity and drainage demands.
All farmers in the Yldneenjoki area follow the
recommended fertilizer levels which were derived
from studies of the Finnish Agri-Environmental
Programme (Palva at al. 2001). Both winter-time
vegetation cover and reduced tillage have become
more common during the recent years.

Long-term (1961-1990) average annual pre-
cipitation is 630 mm of which approximately 11%
falls as snow (given as the maximum water equiva-
lent of the snow cover, assuming no sublimation)
(Hyviérinen et al. 1995). The average monthly tem-
perature for the period November to March ranges
between —0.5 and —6.5 °C. Average discharge in
the Yldneenjoki main channel is 2.1 m’s! (Mattila
etal. 2001), which equates to an annual water yield
of 242 mm (1980-1990). The highest discharges
typically occur in spring and late autumn. The
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Fig. 1. Location of the study area, and topographic, ag-
ricultural land use and soil maps of the Ylidneenjoki
catchment.

portion of groundwater flow is not measured but
according to typical annual water balances ground-
water accounts for less than 20% of annual rainfall.
Erosion rates in Yldneenjoki area vary owing to
local natural conditions and management practices.
Agricultural field plots and cathments dominated
by agriculture produce higher erosion rates than
forested areas. The clayey soil of the south-western
coastal plains is more susceptible to erosion than
inland predominantly sandy and till soils (Tattari
and Rekolainen, 2006).

The regular monitoring of water quality of
the river Yldneenjoki has been started as early as
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1970s. The nutrient load into the Lake Pyhé&jarvi
via the river has been calculated based on monthly
averages from manual water sampling results (ca
12 samples per year) and daily water flow records
obtained by site-specific head-discharge relation at
one point, Vanhakartano (Kauppila and Koskiaho,
2003). Both the monitoring time-series and calcu-
lated loadings are used to compare model results
with observations in order to evaluate model per-
formance in this study.

Background GIS data

For the SWAT simulations the available data on
elevation, land use and soil types had to be aggre-
gated. The resolution (5 m) of the digital elevation
model (DEM) proved to be inaccurate for low-lying
areas for successful set-up of the Yléneenjoki catch-
ment. Hence, we used a modified DEM where the
main channels of the catchment were somewhat
deepened to emphasize the actual routes of water.
The agricultural crops and their location were
available from Information Centre of the Ministry
of Agriculture and Forestry in Finland (TIKE).
According to this database 100 different crop types
are grown in the Yléneenjoki region. To build up a
reasonable SWAT set-up this data was divided into
5 crop classes (autumn cereals, spring cereals, root
crops, grasses and other crops) (Fig. 1). All the rest
land area was classified as forest. Soil type data was
based on soil textural information of the Geological
Survey of Finland in which soil type information
covers southern Finland in a scale of 1:100 000 and
it is available in 25 x 25 meter cells. Our SWAT
project had 4 soil types namely clay, moraine, silt
and peat (Fig. 1).

The modeling approach, sensitivity analy-
sis and autocalibration

The SWAT project was build for the Ylidneenjoki
catchment making use of the earlier SWAT applica-
tion, for example, the parameters of Barlund’s (2007)
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earlier project were set as initial values. In contrast
to the earlier work, more detailed GIS based land use
map was used and in addition, the simulation years
differed from the earlier set-up. The present SWAT
project resulted in 29 sub-catchments. In the project,
threshold values were used to distinguish different
land use and soil types within each sub-catchment.
For example, if more than 1% of a sub-catchment
is under grass and these areas were divided on clay
and silt soils both soils types representing more than
10% of the sub-catchment area, this would result
in two HRUs (grass-clay and grass-silt) within this
sub-catchment. In all, this approach resulted in 257
HRU:s in the project.

The sensitivity analysis method implemented
in SWAT is called Latin Hypercube One-factor-
At-a-Time (LH-OAT) (Morris 1991). The proce-
dure of LH sampling is simple. First, the distribu-
tion of each selected parameter is subdivided into
m ranges, each with a probability of occurrence
equal to 1/m. In the second phase, random values
of the parameters are generated. Then the model
is run m times with the random combinations of
the parameters. In the LH-OAT sensitivity analysis,
the OAT (change each parameter sequentially at a
time) method is repeated for each point sampled in
the LH sampling. Sensitivity is expressed by a di-
mensionless index I, which is calculated as the ratio
between the relative change in model output and
the relative change of a parameter. The sensitivity
analysis was performed for a set of 32 parameters
that have been found to be most influential for river
discharge and sediment transport with many ear-
lier modeling studies (Krysanova and Arnold 2008,
Bérlund et al. 2007). The ranges of variation of
these parameters are based on earlier studies and
expert knowledge. For some parameters a relative
change was preferred to absolute values (Table 1).
The sensitivity classes are shown in Table 2. In the
latest version of SWAT, autocalibration is imple-
mented by using the Shuffled Complex Evolution
(SCE-UA) algorithm that optimizes an objective
function (SSQ= sum of the squares of the residuals)
by systematically searching the entire parameter
space (global optimization) (van Griensven and
Meixner 2006).
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Table 1. Model parameters and their ranges used in the sensitivity analysis.

low. file in . L
bound. P bound. SWAT name unit description
2 5 .bsn SMFMX mm °C!' day! Maximum melt factor for snow
0 2 .bsn SMFMN mm °C! day! Minimum melt factor for snow
0.3 04 .gw ALPHA BF days Baseflow alpha factor
0 5000 W GWQMN mm Threshold water depth in the shallow aquifer for re-
turn flow to occur
0.02 0.2 W GW_REVAP - Groundwater revap coefficient
0 500 8w REVAPMN mm Threshold water depth in the shallow aquifer for
"revap"
0 1 .hru ESCO - Soil evaporation compensation factor
=10 10 .hru SLOPE* mm’! Average slope steepness
=10 10 .hru SLSUBBSN* mm’! Average slope length
=50 50 2001 TLAPS* °C km™! Temperature laps rate
0 150 rte CH K2 mm h! Channel effective hydraulic conductivity
-10 10 .mgt CN2* - Initial SCS II value
-20 20 .sol SOL AWCH* mm mm’! Auvailable soil water capacity
0 10 .bsn SURLAG - Surface runoff lag coefficient
—4 1 .bsn SETMP °C Snowfall temperature
-1 1 .bsn SMTMP °C Snow melt base temperature
0.01 1 .bsn TIMP - Snow pack temperature lag factor
0 100 8w GW_DELAY  days Groundwater delay
0 1 .gW RCHRG_DP fraction Deep aquifer percolation fraction
—20 20 hru CANMX* - Maximum canopy storage
=50 50 .sol SOL_K* mm h’! Saturated hydraulic conductivity
—20 20 .sol SOL_z* mm Soil depth
—20 20 .sol SOL_ALB* - Moist soil albedo
-20 20 .hru EPCO* - Plant uptake compensation factor
—20 20 Ite CH_N* - Manning's n value for main channel
—20 20 crop.dat BLAI* - Maximum potential leaf area index
-20 20 .mgn BIOMIX* - Biological mixing efficiency
-20 20 crop.dat USLE C* - Minimum USLE cover factor
0.0001 0.01 .bsn SPCON - Lin. re-entrainment parameter for channel sediment
routing
1 1.5 .bsn SPEXP - Exp. re-entrainment parameter for channel sediment
routing
—0.001 1 rte CH_COV - Channel cover factor
0 0.6  .rte CH_EROD - Channel erodibility factor
-1 1 .mgt USLE P - USLE support practice factor

* = relative percent change
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Table 2. Sensitivity classes in SWAT model (van
Griensven and Meixner 2003).

Table 3. Scenarios of constructed wetlands in the SWAT-
application for the Ylaneenjoki basin.

Class  Index Sensitivity

I 0.00<| 1] <0.05 Small to negligible
1 0.05<|1]<0.20 Medium

1 0.20<|1|<1.00 High

v |1]>1.00 Very high

Daily averages of discharge were calibrated
against the corresponding values determined from
the observations made at the Vanhakartano meas-
urement station. Here, the autocalibration tool of
SWAT was utilized. Nash-Sutcliffe coefficients
were calculated for the calibration results. Years
1995-1999 were chosen as the calibration period.
In terms of hydrology, the years differed quite a lot
from each other.

Scenario runs for constructed wetlands

The calibration period 1995-1999 was suitable for
testing of the scenarios (Table 3) because almost
every CW in the area has been established in 2000s.
For the scenario runs, reduction performance of each
CW was determined according to their dimensioning
as presented in Puustinen et al. (2007):

TP =32 %A
re rel

TN, =10.47%4,

ret

where TP, = Total phosphorus reduction per
year (% of the input loading)
TN_, = Total nitrogen reduction per
year (% of the input loading)

A = CW-to-watershed area ratio (%)

The effects of CWs were assessed by comparing the
material fluxes produced by scenarios 1, 2 and 3 with
those produced by 0-scenario at the Vanhakartano
measurement point.
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Constructed wetlands (CWs)

0-scenario No CWs

Scenario 1 10 CWs (situation in early 2000s),
combined area 2.6 ha.

Scenario 2 One CW* for each subbasin =29
CWs, combined area 7.5 ha

Scenario 3 10 CWs with dimensioning of 5% CW-to-
watershed area ratio, combined area 350 ha

*as dimensioned according to the ones of Scen.1

Results and discussion

Sensitivity analysis

Tables 4a and 4b summarizes the sensitivity rank-
ing for the performance of discharge and sediment
concentration. In terms of discharge, none of the
parameters got the ranking “very high sensitivity”.
The most influential parameters representing the
sensitivity class “high sensitivity” were connected
to equations describing processes such as ground
water flow (parameter GWQMN), evaporation
and surface and subsurface runoff (SOL_Z), snow
melt (TIMP), soil evaporation (ESCO), soil water
dynamic ( SOL_AWC), surface and subsurface
runoff (CN2 and SOL K). Detailed descriptions
of these parameters are given in Table 1. Surface
and groundwater flow, snow melt, and evaporation
are all highly relevant processes when simulating
discharge in Finnish hydrological conditions. Our
ranges of these parameters differ slightly from the
ones presented by Holvoet et al. (2005), where the
most influential parameters for hydrology were in
descending order: CN2, RCHRG DP, SURLAG,
GWQMN, ESCO, SOL Z, ALPHA BF (in our
study the ranking order was: GWQMN, SOL Z,
TIMP, ESCO, SOL_AWC, CN2 and SOL_K). The
differences in parameter order between these two
studies can be almost totally explained by the dif-
ferent parameter ranges and by different catchment
characteristics. For example, Holvoet et al. (2005)
applied the relative change of = 50% while our
choice of variation was only + 10-20% resulting in
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Table 4. Sensitivity ranking for discharge (a) and sediment concentration (b) parameters.

a) b)
Discharge with observed data Sediment consentration with observed data
Rank Mean  Parameter name Sensitivity Rank Mean  Parameter name Sensitivity
1 0.71 GWQMN 1 4.35 SPCON
2 0.38 SOL 7 2 2.61 CH_COV
3 0.37 TIM}: 3 1.8 CH:EROD VERY HIGH
4 0.36 ESCO HIGH 4 1.04 SURLAG
5 0.33 SOL _AWC 5 0.77 GWQMN
6 0.3 CN2 6 0.76 TIMP
7 0.2 SOL K 7 0.53 CH K2
8 0.19 REVAPMN 8 0.49 CH N HIGH
9 0.09 RCHRG DP 9 0.45 CN2
10 0.08 SMTMP 10 0.34 ESCO
11 0.06 SFTMP MEDIUM 11 0.24 SOL AWC
12 0.06 SMFMX 12 0.17 REVAPMN
13 0.06 SMFMN 13 0.15 SPEXP
14 0.06 SURLAG 14 0.14 SOL Z
15 0.13 SMTMP
16 0.12 SMFMX
lower ranking in parameters CN2 and SOL__AWC in 17 011 RCHRG DP
our study. The pre('io'minant soil type in Holvoet‘s 18 008 SOL K B MEDIUM
study was loam giving probably more influence R
on groundwater parameters than in our case where 19 0.07 SMEMN
dominating soil type was clay emphasizing more 20 0.06  SLOPE
surface runoff processes. 21 0.05 SFTMP
In terms of sediment concentration, four pa- 2 0.05 ALPHA BF
rameters, SPCON and SURLAG representing 23 0.05 GW DELAY
general watershed properties and CH_COV and =
CH_EROD representing main channel character-
istics, respectively, were ranked in the sensitivity
class “very high sensitivity”. SPCON is a coeffi- (Calibration

cient in sediment transport equation and is defined
by the user. SURLAG is surface runoff lag coef-
ficient and also defined by the user. The factors
CH_COV and CH_EROD are conceptually simi-
lar to the soil erodibility factors used in the USLE
equation and in theory they can be measured. For
the Ylaneenjoki area, these data were not available.
The parameters ranked as “high sensitivity” in the
case of discharge were also here equally ranked.
The results of the sensitivity study were further
utilized in the calibration procedure as discussed
in the following.

Daily and monthly averages of flow were cali-
brated against the corresponding values determined
from the observations made at Vanhakartano. The
calibration was done with the parameters which
were ranked as most influential ones in the sensi-
tivity analysis study. Autocalibration results of 6
simulation runs suggested the best parameter values
including their good range in terms of discharge
(Table 5). For example, SURLAG decreased from
the initial value 4 to 0.4 indicating that the surface
runoff lag is very short in the Ylidneenjoki area.

434



AGRICULTURAL AND FOOD SCIENCE

Vol. 18 (2009): 428—439.

Table 5. Autocalibration results of 6 simulations made for a selected set of parameters with SWAT.

Parameter Initial » Best parameter Good range Parameter affected by
SMTMP -0.1 1.28 0.92-1.63 Snow melt

SMFMX 26 4.56 3.6-6 Snow melt

SMFMN 1.3 0.096 0-0.46 Snow melt

TIMP 0.9 0.983 0.8-1 Snow melt

ESCO 0.95 0.891 0.79-1 Soil evaporation
SURLAG 4 0.424 0.25-0.52 Time lag in surface runoff
GWQMN 0.4 158 0-206 Ground water flow
SOL_AWC 0.22 0.94 0.78-1 Soil water dynamics
CN27 82 81 77-90 Surface runoff

) Parameter values taken from Bérlund et al. 2007

For parameter SOL_AWC the analysis gave quite
a high value which at the same time indicated that
soil water holding capacity needed to be greater.
Nash-Sutcliffe (NS) coefficients were calculated for
the calibration results. NS coefficients were done for
monthly values because for daily values it is very
difficult to achieve a good fit even with intensive
calibration efforts. The best coefficient value was
0.7 for the monthly discharge. Figure 2 shows the
clear improvement obtained by the calibration proc-
ess in the fit between simulated and observed daily
flow. Particularly in spring and autumn the amend-
ment was clear: not only the simulated peaks were
much closer to the observed, but also the autumnal
low flow period appeared much more realistic. In
mid-winter and summer the results remained, even
after calibration, relatively weak. There seems to be
substantial snow melt in January and heavy summer
rains, during July, that are missed by the model. As
for annual average flow, the simulated values were
generally lower than the measured.

In spite of the visual improvements in flow dy-
namics achieved by the autocalibration process, the
fit between the simulated and observed daily flow
remained poor when it was assessed by NS coef-
ficients. For phosphorus and erosion, the compat-
ibility between simulations and the calculated loads
based on measurements were examined only with
annual values (Fig. 3). In the first year (1995) of
calibration suspended sediment loading was highly
overestimated and total phosphorus load, on the
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contrary, underestimated. One reason for this could
be that the warm-up period of the modeling set-up
was only one year. On the other hand, the load es-
timates based on manual grab sampling inherently
lack reliability because long periods between the
sampling occasions remain unknown. Our recent
unpublished study shows that e.g. seasonal ero-
sion can be considerably underestimated (19-72%)
when based on manual sampling estimates. The
years 1996-1999 show better fit exclusive of year
1999 for total P load.

Scenario runs for constructed wetlands

In a well-dimensioned (A ;=5%) CW, annual reduc-
tions of TSS and TP may be even 70% (Koskiaho et
al. 2003). The dimensioning of the CW's established
in early 2000s in Ylaneenjoki basin was however not
as generous. Hence, the load reduction achieved with
scenario 1 expectedly remained rather low (1.3%
for both TP and TN). With scenario 2 TP loading
was reduced by 3.7% and TN loading by 3.9%, i.e.
still not very much. The results suggest that even
high increase of the number of CWs does not lead
to substantial load reductions if their dimensioning
is inadequate. Meanwhile, when the dimensioning
ofthe 10 CWs was changed according to scenario 3
(Table 3), TP loading was reduced by 17% and TN
loading by 18%. In practice, however, this would
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Fig. 2. Measured and simulated discharge for Ylidneenjoki outlet (Vanhakartano) with original manually calibrated pa-
rameter set (upper figure) and with the autocalibrated parameter set (lower figure).

Suspended sediment load [t a-] Total phosphorus load [kg a™']
10 000 1 20000 7
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Fig. 3. Measured (black bars, OBS) and simulated (SWAT) (grey bars, SIM) sediment (SSload) and total phosphorus loads
(TPload) during 1995—1999 for Yléneenjoki outlet.

mean that even more than 1% of the Yléneenjoki and cost-effective approach is probably to try to
basin should be converted to CWs, i.e. very large concentrate the CWs in such parts of the catchment,
land areas should be available. The most realistic where the above area is not very large and input

436



AGRICULTURAL AND FOOD SCIENCE

Vol. 18 (2009): 428—439.

concentrations are high (high field-%, steep slopes,
high number of farms with animal husbandry).

Conclusions

The sensitivity analysis proved to be useful not
only by pointing out the most important parameters
for discharge and sediment concentration calibra-
tion but at the same time also demonstrated which
parameters should be better known or measured in
the catchment for future modeling approaches. The
most influential parameters for discharge were 1)
Threshold water depth in the shallow aquifer for
return flow to occur 2) Soil depth 3) Snow pack
temperature lag factor 4) Soil evaporation com-
pensation factor 5) Available soil water capacity
6) Initial SCS 1II value and 7) Saturated hydraulic
conductivity. In terms of sediment concentration,
four parameters, namely 1) Linear re-entrainment
parameter for channel sediment routing 2) Channel
cover factor and 3) Channel erodibility factor and
4) Surface runoff lag coefficient, were the most
influential ones. Narrowing the range of parameter
values improved the outcome. The parameteriza-
tion of the model to achieve satisfactory calibration
results in terms of flow and sediment dynamics
proved to be a laborious task. Achieving satisfac-
tory model fit on daily basis is quite challenging
for a long calibration period with varying flow
patterns. The sensitivity analysis, however, gave a
good starting point for the calibration, which greatly
improved the fit between simulated and observed
daily flow particularly in spring and autumn. For
some parameters e.g. available soil water capacity
(SOL_AWC) the autocalibration produced some-
what unrealistic values. As for annual average
flow, the simulated values were generally lower
than the measured. SWAT simulated quite well the
sediment and phosphorus concentrations along the
main channel giving, according to the monitoring
experiences, higher values for the upper reaches in
the catchment and lower values for the measurement
points closer to the lake Pyhéajarvi.
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Invaluable information was available by co-
operative local farmers and authorities. They were
willing to give us material not only about the agri-
cultural management practices and protective meas-
ures implemented in the Yléneenjoki catchment so
far, but also about the measures planned for the
future to protect the Lake Pyhéjarvi. For example,
there were seven CWs already established in the
area and many more in planning phase. In terms
of CWs the results suggest that quite large areas
are needed if substantial reductions in agricultural
loading are to be aimed for. In order to be efficient,
a CW has to have high CW-to-watershed area ratio
and this requirement of dimensioning tends to in-
crease the total land area needed. If dimensioning
of single CWs is inadequate, not even high increase
in their number seems to significantly contribute
to water pollution control. Hence, in reality, CWs
should be seen as a good supplementary part of
comprehensive water protection planning rather as
the epoch-making solution for the problem.
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SELOSTUS

Sirkka Tattari, Jari Koskiaho, Ilona Bérlund ja Elina Jaakkola

Suomen Ympdristokeskus ja CESRI

Mallityokalut ovat osoittaneet tarpeellisuutensa arvioi-
taessa muun muassa maatalouden aiheuttamaa ravin-
nekuormaa ja vesiensuojelumenetelmien tehokkuutta.
Erityisesti Vesipuitedirektiivin (VPD) tdytiantoonpanon
my6td mallinnusty6lle on asetettu konkreettisia haasteita
mallitulosten luotettavuuden suhteen. VPD:n puitteissa
tarve soveltaa malleja laajoille alueille on myds kasva-
nut, vaikka perinteisesti prosessipohjaisia malleja on
enimmikseen sovellettu yksittdisilld valuma-alueilla.
Vesiensuojelumenetelmien tehokkuuden arvioinnissa
prosessipohjaiset mallit ovat avainasemassa, mutta tu-
losten yleistdiminen yhdeltd valuma-alueelta toiselle on
edelleen vaikeaa.

Tassd tutkimuksessa parametrisoitiin prosessipoh-
jainen SWAT -malli Yldneenjoen valuma-alueelle, joka
edustaa tyypillistd lounaissuomalaista maatalousvaltaista
aluetta. Yléneenjoen vedenlaatua on seurattu jo pitkéan
ja havaintojen médérd on riittdvd sekd mallisovelluksen
luomiseen ettd kalibrointiin. Lisdksi alueen viljely-
kéytdnnot ja toteutettujen vesiensuojelutoimenpiteiden
médrd ovat hyvin tiedossa. Aiempien tutkimusten perus-
teella mallista valittiin kolmekymmentd parametria, joille
herkkyysanalyysi tehtiin. Ndin tunnistettiin tdrkeimpiin
tulosmuuttujiin, virtaamaan ja sedimenttikuormaan,
vaikuttavat parametrit. Virtaaman osalta herkimmiét pa-
rametrit liittyivét pohja- ja pintavesivaluntaa, haihduntaa
ja lumen sulamista kuvaaviin prosesseihin, kun taas
vastaavasti sedimenttikuormaa selittivit uomaprosesseja
ja eroosion kulkeutumista valuma-alueelta kuvaavat
parametrit. Tt tietoa hyddynnettiin mallin kalibroin-
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nissa. Rakennetulla SWAT -sovelluksella arvioitiin joen
ainevirtaamaan muutoksia sekd tarkasteltiin kosteikkojen
vaikutusta jokiveden laatuun.

Tulokset osoittivat, ettd herkkyysanalyysin perus-
teella mallin kalibrointia voitiin selvésti tehostaa. Pa-
rametriviritykselld saatiin simuloitu virtausdynamiikka
ja ainevirtaamat vastaamaan paremmin mitattuja, tosin
ainevirtaamien osalta havaintojen vahdinen maéra rajoitti
vertailua. Ainehuuhtoumien kalibroinnissa kannattaakin
useimmiten pitdd lahtokohtana vuotuisia arvoja, koska pi-
toisuushavaintoihin siséltyy lukuisia epdvarmuustekijoita,
joita mallissa on usein mahdotonta ottaa huomioon.

Kosteikkosimulointien perusteella voidaan tode-
ta, ettd merkittdvien (n. 20 %) kuormitusvahenemien
aikaansaamiseksi kosteikkopinta-alaa tarvittaisiin huo-
mattavan paljon, satoja hehtaareja. Tadma johtuu siitd,
ettd ollakseen tehokas yksittdisen kosteikon tulee olla
ylépuoliseen valuma-alueeseensa nidhden suuri (n. 2 %
tai enemmaén). Simulaatioajojen perusteella tuntuvakaan
kosteikkojen lukumadérén lisdys ei auta, jos niiden mi-
toitus on riittdméton. Suuresta pinta-alavaatimuksesta
johtuen ei ole realistista laskea vesiensuojelua rakennet-
tavien kosteikkojen varaan, vaan pikemminkin néhdé ne
osana laajaa toimenpidevalikoimaa kokonaisvaltaisessa
vesiensuojelun suunnittelussa. Rakennettavien kosteik-
kojen etuna ovat useat kuormitusvdhenemien ohessa
saatavat lisdhyddyt, kuten maiseman eldavoityminen ja
luonnon monimuotoisuuden, erityisesti linnuston, lisédan-
tyminen, jotka lisddvét kiinnostusta paikallisen véeston
keskuudessa.
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