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Introduction

Eutrophication of surface waters due to increased nutrient loading during the last
decades is one of the main environmental concerns in Finland. Long term analysis of
nutrient concentration trends showed that municipal and industrial waste water purifi-
cation has effectively decreased nutrient load from point sources leading to improved
water quality, but no clear effects of decreasing non-point loading are found. On the
contrary, nitrate concentrations were found to increase in some rivers located in north-
ern Finland (Räike et al. 2003).

Agriculture currently comprises the largest single source of nutrients to surface waters
by changing hydrology and nutrient status of soils. The effects of forestry differs from
those of agriculture, as some effects are strong but of brief duration whereas some
are long lasting. In their natural state peat lands act as sinks but when drained they
become sources of inorganic nutrients. The increase in runoff ceases about in 15-20
years (Kenttämies 1998, Laine et al. 1995, Seuna 1990). Forest felling, especially
clear cuts, increases annual runoff and sharpens peak runoffs in spring and summer
because decreased evaporation and interseption. This increase is not long-lasting as
new vegetation starts to recover soon after felling (Kenttämies 1998).

Peat mining causes elevated nutrient and suspended solids leaching and concentra-
tions in downstream waters (Heikkinen, 1990, Klöve, 2001). Futhermore, about 19%
of Finnish citizens are not connected to municipal sewer networks but have on-site
sewage systems which is defective especially in old one-family houses. Loading of
organic matter and phosphorus per person is approximately 6-8 times higher from
these systems than from sewer networks.



In this study the aim was to find out the origin and timing of inorganic nitrogen (N)
load by using INCA-N model. The study area is located in boreal vegetation zone in
northern Finland. Main anthropogenic sources of nutrients are agriculture,forestry and
peat mining.

Material and methods

Simojoki The river Simojoki discharges to the Bothnian Bay in the Baltic Sea. The
Simojoki river basin (3160 km2) is located partly in middle boreal and partly in north-
ern boreal vegetation zone. Over the period 1961-1975, mean annual precipitation was
700 mm and mean annual runoff 400 mm. Mean daily flow at the outlet was 37.2 m3
s-1 during 1965-1990. The maximum discharge was 730 m3 s-1 and the minimum
discharge 3 m3 s-1, and discharge peaks in spring when snow melts in early May
(Perkkiö et al. 1995). Growing season (daily mean temperature =5 oC) started on the
average on 10th May in the period 1961-1990. The length of the growing season was
on average 140 days.

The river Simojoki is not regulated and it is a Atlantic salmon river without any major
point pollution sources. The dominant human impacts are forestry, agriculture and
atmospheric deposition. Atmospheric deposition was left out from this study as it was
noticed to have no influence (Rankinen et al. 2004a). Peatlands and peatland forests
are common in the region and an average of 0.5% of the total catchment area is felled
annually. Forest drainage was most extensive during 1960s and 1970s, and by 1991
over 30% of the total river basin area had been drained. In 1995 peat mining areas
covered 0.4% of the catchment area. Urban areas cover only 0.1% of the catchment
area (Perkkiö et al. 1995). Grass cultivation for animal husbandry is the most common
form of agricultural production (Rankinen et al. 2004b).

INCA-N The dynamic, semi-distributed INCA-N model integrates hydrology, catch-
ment and river N processes (Whitehead et al. 1998, Wade et al. 2002). The term semi-
distributed is used, as it is not intended to model catchment land surface in a detailed
manner, but to use land-use class in a sub-basin as a basic modelling unit. River, soil
water and groundwater NO3-N and NH4-N concentrations and fluxes are produced
as daily time series by using process-based equations. Sources of N include direct
discharges, the terrestrial environment and atmospheric deposition.

The INCA-N model can be calibrated to observed discharge and NO3-N and NH4-N
concentrations along the river. In addition, observed NO3-N and NH4-N concentration
in soil and groundwater in different land use classes and sub-catchments can be used
in calibration. The INCA-N model calculates also annual N process loads from every
land use class which can be compared to experimental data or literature values of these
processes when checking that the N process loads are on the correct level.



Calibration of the INCA-N model INCA model was calibrated using input data for the
years 1995-1999 which corresponded to the land use classification and forest drainage
data. Calibration followed the procedure described by Rankinen et al. (2004a). In cal-
ibration strategy each land use class was assumed to be a small catchment which
represented typical forestry or cultivation practices. This approach allowed effective
use of experimental data from small catchment studies.

Forest on mineral soil covers 35%, new (1-10 years old) forest felling on mineral soil
4%, forest on organic soil 52%, new forest felling on organic soil 1%, agriculture
2% and open surface water 6% of the whole river basin area. The forest areas on
organic soil were assumed to be drained during 1960s or 1970s. Ground vegetation
was assumed to start to recover on forest felling areas. Net loading of inorganic N
from new forest ditching areas, peat mining areas and from scattered settlement were
added as effluent time series.

All the fields were under perennial grass ley which was assumed to be harvested on
23rd June and on 15th August. Two growth periods were simulated by using the Mul-
tiple Growth Period option in the INCA model. Agricultural fields were fertilized at
30th May (100 kg N ha-1) and second time at 28th June (54 kg N ha-1). Inorganic N
leaching from agricultural catchments is typically 8.8-14 kg ha-1 a-1 (Vuorenmaa et
al. 2002).

Simulated annual inorganic N leaching from forest areas was compared to observed
long term leaching (0.5 kg ha-1 a-1 from organic soil and 0.38 kg ha-1 a-1 from min-
eral soil) from forested experimental catchments in Finland (Kortelainen, Saukkonen
et al. 1997). Inorganic N leaching from forest felling sites were compared to average
measured inorganic N leaching (0.92 kg ha-1 a-1) from Nordic catchments (Lepistö
et al. 1995). Experimental data of the small experimental catchment located in north
eastern Finland were used to derive specific inorganic N loading from forest drainage
areas by comparing loading to untreated catchments. The area of the catchment was
118 ha from which 57% was mire. In 1983 27% of the area was ditched. During the
next ten years after treatment increase in specific loading from treated areas was 0.97
kg N ha-1 (Ahtiainen and Huttunen 1999).

There are about 1400 ha of peatmining areas in the Simojoki river basin. Inorganic N
loads from these areas were taken from official annual monitoring reports of pollution
load on water bodies (Kaikkonen and Salo 2003). Reported net loading of NH4-N
was 27.9 kg d-1 from peat mining areas in the Simojoki river basin during harvesting
season in 1999. N loading from the areas of scattered settlement in catchment scale
was based on previous research results and the statistics of the year 2000. The most
common methods for sewage treatment in the area were septic tanks (14.5 g N day-1



person-1) and subsurface disposal systems (5.3 g N day-1 person-1).

Results

At the upper parts of the river Simojoki inorganic N was mainly originated from un-
managed forest areas, but the influence of anthropogenic sources increased at the lower
parts of the river. At the outlet roughly half of the inorganic N load was from anthro-
pogenic sources, so that inorganic N load from agricultural areas covered one third,
load from forestry one third and load from scattered settlement one third of the an-
thropogenic part. Loading from the river basin was concentrated on peaks during high
flow periods, especially snow melting period in spring. Both peat mining and forest
drainage tended to increase inorganic N leaching in spring.
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