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1.

Introduction

Aquaculture is a rapidly growing sector within Swedish food production but also internationally. The industry provides both foods and employment opportunities in primarily sparsely-populated areas. The
reason why aquaculture, primarily on a large scale, is located mainly in Swedish sparsely-populated
areas is because the large, nutrient-poor reservoirs that are utilised for fish farming are usually in Norrland’s inland or mountainous areas. The fish farming potential of these reservoirs is greater than that of
corresponding lakes in the more populated areas of Sweden because the areas are sparsely-populated
and the land is not usually as fertile as it is in more southerly and low-lying parts of the country. Norrland’s reservoirs are also not as affected by nutrient addition from treatment plants, individual
wastewater plants or agriculture for example. The regulation has also meant that the already naturally
nutrient-poor waters have been afforded a reduced level of nutrients as an effect of having been transformed into reservoirs (Milbrink et al., 2003, Naturvårdsverket [The Environmental Protection Agency]
1996, Sundborg 1977).

1.1. Unique conditions in reservoirs
The reduction of the quantity of nutrients in the reservoirs is due to a combination of several factors.
When a lake is regulated, the water level changes in relation to the original level partly because the outflow is dug out and lowered so that a greater share of the volume will be able to pass the hydropower
plant but partly also to facilitate and streamline bottom tapping. The lake is also dammed to an abovenatural level to further extend the available regulation volume. In connection with the surcharging of
previously dried surfaces, the nutrients are initially released to the power plant reservoir, which leads to
a fertilisation effect in the first few years after the surcharging (Milbrink et al. 2003, Naturvårdsverket
[The Environmental Protection Agency], 1996). When the majority of the nutrients have then leached
out, the level of nutrients in the water falls to below the original level (Milbrink et al. 2003, Naturvårdsverket [The Environmental Protection Agency] 1996, Sundborg 1977).
In the majority of large reservoirs, the regulation amplitude, i.e. the distance between the damming
and lowering limit, is several metres. In the winter, water is led from the reservoirs through the turbines
to produce electrical power while the inflow is low and the precipitation is bound in the form of snow.
This means that the lowest water level in the reservoir occurs during the late winter (the Environmental
Protection Agency, 1986). The shoreline is thereby gradually moved further out during the winter and
large areas are drained and freeze solid (Grimås, 1962). The production in an unregulated lake is largely
dependent on the biological production in the area close to the surface where the sunlight reaches. This
means that the area from the shoreline and out to a depth of around seven to ten metres usually shows
the highest production, which also benefits from heating up more quickly than do more central parts of
the lake. In this area, there are normally macrophytes, benthic insects, zooplankton, and fish that eat
bed fauna and zooplankton. In the reservoirs where this shoreline area freezes solid or is drained each
year, the macrophytes are devastated through drying and root uplifting when the ice in the frozen areas
of the ice is lifted (Grimås, 1962). Since the production in the area is heavily affected each year, the
conditions also strongly deteriorate for the usually more mobile bed fauna. The bed fauna are also
thereby heavily reduced in terms of both density and diversity (Grimås, 1962). The area between the
damming and lowering limit is thereby very strongly affected each year, which means that the production
in the reservoir falls (Milbrink et al., 2003).
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When the macrophytes disappear from the reservoir, there is a fall in the quantity of plant biomass
that can utilise the nutrients that are deposited in and released within the reservoir my means of the
degradation of biological material. A larger share of the fertilisation than before is thereby flushed downstream instead to return to the production in the ecosystem. As well as the share of the nutrients that are
taken care of within the reservoir falling, the throughput increases through the reservoir during the winter. In a natural lake in Norrland’s inland or mountainous areas, the inflow into and the outflow from the
lake are at their lowest during the winter. In regulated reservoirs, the highest outflows are during the
winter instead when the need for electrical power is at its greatest. This means that the nutrients that are
added to or released within the reservoir during the late autumn, the winter and early spring are flushed
out during the winter by means of the high water flows and bottom tapping. When the primary production
is resumed following the spring mixture in the following spring, the reservoir has thereby been further
drained of nutrients and shows even lower nutrient levels in the water than before (the Environmental
Protection Agency, 1996).
The final reason why the nutrient levels in regulated reservoirs fall is the increase in the retention of
phosphorus, which in turn is dependent on the turnover time in the lake (Alanärä, 1988). Since the reservoir is usually dammed up above its natural level, the damming causes the total volume to increase.
Since the total inflow to the reservoir remains unchanged, the surcharging of the new areas means that
the turnover time increases. An increased turnover time in turn means that an increased share of the
phosphorus in the reservoir has time to fall to the bottom and sediment, to then form part of the bed
substrate (Alanärä, 1998), which leads to one further reason as to why the level of nutrients in the reservoirs is lower than it is at the time of the natural conditions before the hydropower regulation.
There are thereby several processes that contribute to the large reservoirs currently being more nutrient-poor than they originally were, which is also summarised in the report called “Nutrients in reservoirs” by Hedlund (2000). In all, this means that the natural production in the reservoir has both fallen
and also changed to consisting of a greater share of pelagial production. A nutrient addition from something like a fish farm may thereby help to restore the nutrient levels in the reservoir to more natural levels, but may on the other hand never lead to the recreation of the litoral parts of the ecosystem.
According to established environmental quality standards all waters shall achieve at least Good
ecological status and the status classification must also not be impaired. Several parameters are used to
establish the ecological status of a water area. According to the Environmental Protection Agency’s new
assessment bases (the Environmental Protection Agency, 2007b), a lake’s ecological status (in respect
of the nutrients) is a High ecological status where there is a ratio of ≥0.7 when calculating background
levels or original level divided by the current level, and a Good ecological status where there is a ratio of
≥0.5. Since the levels of phosphorus are low and often also lower than the background levels, the majority of reservoirs usually achieve High ecological status with regard to the nutrients. The scope for the
nutrient salts, based on the level increase that can be permitted without falling below the ratio of 0.7, is
therefore often greater in reservoirs than in unregulated waters.

1.1.1. No data on phosphorus concentration before the lake was regulated
In order to be able to calculate the fish farming potential in a reservoir with any degree of certainty, it is
necessary to know how much phosphorus was in the water before the lake was regulated and was affected by human activities, here after referred to as the background value. Before the start of the hydropower, surveys of the level of nutrients in the water took place very rarely. This is probably due to lack of
insight into the extensive effect of the overall ecosystem in the lake. Different types of fish survey were
usually carried out before establishing hydropower in order to be able to examine any changes to the
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fish stock and primarily on the basis of the risks of surcharging in the new areas and draining spawning
beds by lowering the lakes. But there was also concern about the turbidity effect of the dredging work,
the future access to water in wells within near-shore towns and the risk of deterioration in the ice conditions at the time of floating work. Since these areas are sparsely populated and there has been very low
pressure on the reservoirs from different industrial activities or other large-scale projects, not many surveys have taken place, even since the hydropower regulation. This means that it may be very difficult to
produce documenting data for reservoirs and almost impossible to find older data that refers to the unaffected conditions concerning the nutrients. There are also other large-scale changes such as precipitation and access to nutrition which have led to changes in the water chemistry values in data series following the regulation. Overall, this makes it difficult to ascertain with any certainty the background value
of phosphorus in the lake before it was regulated.

1.2. Aquabest
Aquabest is a project within the Baltic Sea region (Baltic Sea Region Programme 2007-2013) whose aim
is to stimulate the development of environmentally neutral aquaculture in the Baltic Sea region. The
project consists of several work packages whose aim is to:
1. Compile, compare and analyse different national methods for aquaculture licensing and to provide proposals for new models with strong incentive for environmental consideration.
2. Develop methods to identify suitable methods for fish and mussel farming within the Baltic Sea
region.
3. Produce alternative types of food in cooperation with the fish feed industry.
4. Develop and spread knowledge of fish farming recirculation systems.
Torsta AB in the county of Jämtland is the project leader for the subproject which aims to develop methods of identifying suitable localities for fish and mussel farms. Within the subproject, WSP has previously
been tasked with producing a tool whereby GIS can be used to locate potentially suitable places to establish fish farms in lakes. The model has been developed and compared in the county of Jämtland but
is also intended for use in other parts of the country (Andersson, 2012). This model has since been used
to select the lakes from which samples of water have been taken and fish farming potential has been
calculated within the framework of Aquanord AB’s assignment. The original list produced by WSP included 20 selected lakes, ten of which were to be surveyed further using samples taken.
This report is also included in work package 2 and aims to examine the fish farming potential in ten
selected reservoirs in Jämtland. The preliminary study will provide a better decision basis when interested parties want to start fish farming operations in the county; the study will save time for someone who
wants to start a fish farm, but will also show options of steering the farming activities towards the areas
where the impact on the environment should be minimised.

1.3. The assignment
Within the framework of work package 2, Aquanord AB has been tasked with taking samples of water,
analysing water samples (phosphorus, absorbency and chlorophyll), taking temperatures and calculating
fish farming potential in the ten selected lakes. The final choice of lakes, all of which constituted reservoirs, was modified by the Regional Association of the County of Jämtland slightly before sample taking
began. After the sample taking began, another reservoir, Svegssjön, also had to be replaced since when
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the first sample was taken, it proved to be too shallow to allow a major fish farming operation. The final
list of reservoirs from which samples were taken is: Flåsjön in Fjällsjöälven’s drainage area, Svaningen
and Hetögeln within Ströms Vattudal, Hotagen in Hårkans water system, Torrön, Juvuln, Kallsjön and
then Liten and Gesunden within Indalsälven’s main flow and Lossen in Ljusnan’s water system.

2.

Method

2.1. Sample taking
All samples taken in the ten water reservoirs were taken using a helicopter. Jämtlands Flyg AB was
engaged for transport and a Eurocopter EC120B “Colibri” helicopter was used. According to Jämtlands
Flyg AB, this helicopter is “the world’s quietest and cleanest helicopter in operation”; its exhaust system
is also directed to minimise the risk of contaminating the samples (Jämtlands Flyg AB, 2014). The helicopter was fitted with fixed floats when the water samples were taken, which took place during the icefree period partly to ensure safety when flying close to the surface of the water and partly to be able to
land on the surface of the water if necessary. Since the floats are inflatable, samples were taken without
floats during the icy period since these ran the risk of being punctured by sharp icy edges. To ensure the
safety of both the personnel and the helicopter, the sample taking points were moved slightly when taking samples from some of the reservoirs during the winter because the ice proved to be too weak at the
point where ordinary samples were taken (table 1).
The helicopter is equipped with a hole in its floor so that samples can be taken directly from the helicopter during the ice-free period. However, during the icy period, drilling through the ice is necessary,
so this sample taking took place outside the helicopter. The helicopter was also equipped with a fathometer so that the depth could be measured in connection with taking the samples. The flight route was
planned by Jämtlands Flyg AB to minimise the cost and the environmental impact. Efforts were also
made to take samples from all reservoirs on the same day.
Between the sample taking in the spring and autumn of 2013, temperature loggers were also positioned at the points where ordinary water chemistry samples were taken from each reservoir.
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Table 1. Reservoirs from which samples were taken and coordinates of the sample taking points (RT 90)
Regular
X

Winter
Y

X

Y

Hetögeln

7143699

1429386

7143699

1429386

Svaningen

7131053

1464971

7130518

1464955

Flåsjön

7114564

1501424

7115635

1502874

Torrön

7080110

1364757

7080110

1364757

Hotagen

7077485

1441660

7077485

1441660

Juvuln

7070942

1371120

7070942

1371120

Kallsjön

7060272

1360678

7060272

1360678

Liten

7022925

1388779

7022925

1388779

Gesunden

7004038

1507977

7004242

1508834

Lossen

6925080

1349195

6925080

1349195

Map of reservoirs from which samples were taken.

2.1.1. Water chemistry
Aquanord AB was engaged to take water chemistry samples for the analysis of total phosphorus and
absorbency in all of the ten relevant water reservoirs. The samples were taken by collecting water from
a depth of 0.5-1 metres using a Ruttner sampler in a central location in each reservoir where the depth
amounted to at least 20 metres. When taking the samples, time, temperature and depth were noted at
the points where the samples were taken. A 500 ml plastic bottle intended for water sample analysis by
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Alcontrol AB was then rinsed and filled with sample water. The bottle was stored in a cool bag with ice
packs before and after sample taking and directly after sample taking was sent to Alcontrol AB packaged in the cool bag for analysis.

2.1.2. Chlorophyll
Aquanord AB took water samples for the analysis of chlorophyll on one occasion in autumn 2012 and on
two different occasions in 2013 from all relevant reservoirs. The samples that were taken in autumn
2012 were collected in the form of a litre of water (two 500 ml bottles) and were sent cooled in the same
way as the water chemistry samples to Alcontrol AB’s laboratory for analysis. Since these samples were
very sensitive to long transportation periods, the method of taking sample was changed before any were
taken in 2013, however.
In 2013, samples were taken in July and August, i.e. during high summer and during the period
standardised by the Environmental Protection Agency (The Environmental Protection Agency, 2007b).
When these samples were taken, two 1000 ml containers were filled with water from each reservoir and
magnesium carbonate solution (MgCO3) was added to each container to conserve the sample. Since
the chlorophyll sample is sensitive to light at this stage the containers were stored in dark surroundings
®

the water was filtered within a couple of hours through a Whatman glass microfibre filter GF/C with a
diameter of 47 mm (producer: GE Healthcare Life Sciences Whatman). The filter was folded back after
drying into a dry filter and was then packaged in a label stating the name of the lake quantity of water
filtered, date, time and signature of the person who took the sample. The label was in turn fixed with a
plastic clip. The filters were then laid in containers with drying gel and were sent to SLU’s institution for
water and environment for analysis.

2.1.3. Analyses of water and chlorophyll samples
All water chemistry analyses and the chlorophyll samples from 2012 were analysed by Alcontrol AB. The
total phosphorus was analysed in accordance with method SS-EN ISO 15681-2:2005 (Alcontrol AB,
2014) with a measurement certainty of 20-55% in received results reports with the lowest possible reporting limit of 0.002 mg/l. The total phosphorus results were stated in mg/l in the analysis reports but
have been translated to µg/l in this report. The absorbency results were measured at 420 nm (5 cm cuvette) in accordance with the SS-EN ISO 7887 part 3 method mod. (Alcontrol AB, 2014) with the lowest
possible reporting limit of 0.05 abs/5 cm and with a 15 % measurement accuracy. Before the absorbency analysis, the samples were filtered at the laboratory, which gives a more targeted measurement of
light absorption of the dissolved substances as opposed to from an unfiltered sample which primarily
shows the presence of humic substances in the water.
The chlorophyll samples from 2012 were analysed by Alcontrol AB using method SS 028146 (Alcontrol AB, 2014) with a lowest reporting limit of 1 µg/l. The samples that were taken in 2013 were analysed by SLU in accordance with method SS 22 02 81 46-1 using a Lambda 2 UV/VIS Spectrophotometer with Epson PCedator. The absorbency was measured in the chlorophyll pigment that was extracted
from the filter using acetone at wavelengths 664, 647 and 630 nm (chlorophyll a, b and c respectively).
In order to avoid getting other coloured substances and particles involved, the absorbency was also
examined at 750 nm where chlorophyll has a low absorbency and this is subtracted to produce the final
absorbency (SLU, 2014). The lowest reporting limit also amounted to 1 µg/l at the time of this analysis.
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2.2. Obtaining other water chemistry data
From Indalsälven’s Water Conservation Association’s website (2014), the measurement values from the
outflows for the reservoirs Kallsjön (sample point Bonäshamn), Liten (sample point Mörsil) and Gesunden were utilised for the purpose of increasing the number of analysis values for phosphorus content
and absorbency in each reservoir.

2.3. Water temperature
Water temperature was measured in all reservoirs from 04/06/2013 until 25/09/2013 using HOBO water
temp Pro v2 temperature loggers, whose accuracy is ±0.21°C from 0°C to 50°C and which are water®

®

tight down to 120 metres (Onset HOBO data loggers, 2014). In each reservoir, 5 loggers were placed
5 metres below the surface (0.5-metre depth) and down to a 20-metre depth. Each logger was programmed to register the relevant temperature every ten minutes throughout the measurement period.
Each temperature logger was fixed directly to a strong line at a carefully measured distance from the
surface of the water. The length of the line was 1.5 the depth of the water at the relevant site and a large
fender was fixed at the top of the line to act as a float and a surface marker. A 3 kg plate anchor was
fixed to the bottom of the line to prevent the equipment from moving in the summer, and just below the
lowest logger, positioned at a depth of 20 metres, a heavy weight in form of an M16 shackle was fixed to
ensure that the uppermost 20 metres of the line would remain vertical and the loggers would stay at the
correct level in the water. There was thereby a “surplus” of line between the shackle and the anchor,
which constituted a buffer zone mainly for water level differences during the measurement period but
also as security against strong wind or the impact of waves on the fender. The fenders were labelled
with the name of the lake, the project and contact person and a request to leave them undisturbed.

Temperature logger

2.4. Documenting data
In order to be able to calculate the fish farming potential of a reservoirs, access to documenting data in
the form of area, average depth, volume, water flow and turnover time is necessary. This documenting
data has been obtained largely from the SMHI, either by personal contact (Else-Marie Wingqvist) where
the information has been emailed (e.g. depth maps) or directly from the SMHI’s website (SMHI 2009, ac). Some data has also been provided by the water regulation companies in the form of depth maps,
damming and lowering limits and the daily values or measured reservoir levels and water flows during
the period of 2000-2012 (Torbjörn Näs, Christer Rönngren and Birgitta Rådman). In two reservoirs, private persons with access to sounding software and extensive sounding data contributed information
(Birger Holmström in Härnösand and Eric Karlsson in Järpen). In the cases where documenting data
has lacked the average depth and volume, Aquanord AB has carried out extensive calculations on the
basis of other information available.
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2.4.1. Area
The areal for all water reservoirs has been obtained from the SMHI (SMHI, 2009b) where the latest dated value was selected if several alternatives were available for one reservoir.

2.4.2. Average depth
It was possible to obtain the average depth for the reservoirs Hetögeln, Flåsjön, Kallsjön and Hotagen
from the SMHI (SMHI, 2009c) while that from Lossen and Liten has been provided by two private persons (Birger Holmström in Härnösand and Eric Karlsson in Järpen). In the two latter-mentioned reservoirs, extensive soundings have been carried out by these people (outside this project) and data on
average depth and volume has been obligingly provided by extracting data from the sounding software
of which these private persons were in possession. Since full coverage soundings could not be carried
out in Lossen due to its very high regulation amplitude (the near-shore areas are drained for a large part
of the year), data was provided at a water level of ten metres below the damming limit. Extrapolations
from this documentation material have therefore been made by Aquanord AB to also include the volume
that is found from the damming limit and ten metres downwards. Since no other data was available for
Lossen despite very thorough research, this was considered to be the best alternative to being able to
produce as correct values of average depth and volume as possible.
For the Torrön, Svaningen, Gesunden and Juvuln reservoirs, the average depth was calculated by
Aquanord AB on the basis of each individual depth curve on old sounding maps provided by the water
regulation companies. Calculations of the areas within each individual depth curve and the total area of
the reservoir made using measurements in the GIS software QGIS. Since the maps did not follow the
same scale, were the total areas measured for each reservoir were corrected against the SMHI’s measured area (SMHI, 2009b) and all measured subareas were then correspondingly corrected. Each subarea’s corrected area was then multiplied by the average depth within each depth interval and added in
order to calculate the total volume. As a final step, the total volume was divided by the total area of the
reservoir to calculate the average depth. Following personal contact with Ola Pettersson of the SMHI in
Norrköping, it was deemed that these depth calculations were more accurate and thereby probably more
correct than the SMHI’s other average depth data, so Aquanord AB’s calculated data was also used for
Gesunden, in spite of average depth data being available from the SMHI and the calculations regarding
Gesunden having originally been carried out as an extra validation of the calculation model.

2.4.3. Volume
The volume for the Hetögeln, Flåsjön, Kallsjön and Hotagen reservoirs were obtained from the SMHI
(SMHI, 2009c) while the volumes in Liten and Lossen were calculated using the abovementioned sounding software and provided by Eric Karlsson in Järpen and Birger Holmström in Härnösand. The volume
in Lossen was then also corrected in the previously mentioned way. The average depth for the Torrön,
Svaningen, Gesunden and Juvuln reservoirs was calculated on the basis of the SMHI’s data on the areas (SMHI, 2009b), multiplied by the average depth calculated by Aquanord AB.

2.4.4. Water current in the outlet
The water current in the outlet from each reservoir was obtained from the SMHI’s water flow data for the
1900s (SMHI, 2009a). However, this was also compared with water flow data provided by the water
regulation companies in Östersund (The water regulation companies, 2014) for the past 12 years and
against a more modern but shorter data series on water flow on the SMHI’s water web (SMHI 2014b).
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2.4.5. Turnover time
The turnover time in each reservoir was calculated as the water volume in the reservoir divided by the
water flow at the reservoir’s outflow (SMHI, 2009a). The turnover time is stated in years, so a low value
corresponds to a rapid turnover time and a high water throughput while a high value means a lower
throughput and stiller water in the reservoir. On the other hand, the turnover time does not take into account any internal current formations within the reservoir which may counteract the fact that the water is
still despite a long turnover time.

2.4.6. Height above sea level
For all reservoirs, information on height above sea level was obtained from the SMHI (SMHI, 2009b).
The reservoir’s height above sea level tallied relatively well with the water level in the lake before regulation in the majority of cases.

2.5. Choice of calculation model
In order to find out the fish farming potential, theoretical mass balance models are used to calculate the
phosphorus increase in the lake after a longer period with the same phosphorus addition. There are a
number of different mass balance models and calibrations of the most common models to adapt the
calculations to the different conditions and type of lake. The most common mass balance models are
Dillon & Rigler, Kierchner & Dillon and Vollenweider, from which a number of calibrations have been
produced for the latter-mentioned model. Two of these are OECD (with several different calibrations)
and Johansson & Nordvarg. All models and calibrations are mentioned in Johansson et. al., 2000. The
different models and calibrations have been produced for different sedimentation patterns in the lakes
and thereby give different results (Alanärä & Strand, 2011). The one that is best adapted, if not fully, to
the conditions in the relevant reservoirs is the OECD (Nordic calibration) since this calibration of the
Vollenweider model has also been based on Nordic lakes as opposed to other models. On the other
hand, nutrient-poor reservoirs close to mountains (the relevant type of lake in this report) are not included in the production of either this model or any of the other calculation models (Alanärä and Strand,
2011). It is therefore also likely that this model overestimates the increase of the phosphorus level in
regulated water since the establishment of power plant dams leads to an increase in the quantity of sedimented material and the reservoir thereby functions as a “phosphorus precipitation” (Johansson et. al.,
2000, Alanärä & Strand, 2011).
Since the OECD calculation model (Nordic calibration) is based on the most relevant documentation
material, this model has been selected as the calculation model in this report. Water chemistry samples
taken in a reservoir with several fish farms have also been shown to tally relatively well with theoretical
calculations in accordance with this model.

2.5.1. Background levels
The background levels in the lake must represent a natural condition without human impact, i.e. an original situation. The background values can be calculated or estimated in several ways. They can be estimated with the guidance of older surveys in the relevant area or other similar areas. If data is lacking,
the background values can also be calculated using the characteristics of the drainage area and the
general quality of the water. According to the Environmental Protection Agency’s new assessment bases (the Environmental Protection Agency, 2007b), the background levels of phosphorus in lakes can be
calculated in accordance with the following formula:
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Log(ref-P)=1.627 + 0.246*log10AbsF – 0.139*log10Height – 0.197*log10Average depth
Where ref-P is the background levels of phosphorus (μg/l), AbsF is the absorbency measured at 420 nm
in a 5 cm cuvette, height is the height of the lake above sea level (m) and average depth is the average
depth of the lake (m).
The background levels have been calculated in accordance with this formula in all reservoirs. The
measured absorbencies in the water chemistry samples taken within this project have been used as a
basis for the calculations. In Kallsjön, Liten and Gesunden, this data has also been supplemented with
additional water chemistry data from Indalsälven’s Water Conservation Association (2014). Samples
taken within the Indalsälven coordinated recipient control in Kallsjön and Liten were taken from the outflow from each reservoir while samples were taken from the actual Gesunden reservoir. From the sample taking point in Gesunden, there were also the water chemistry values from the bed water and from
the surface water available. A statistical analysis (Anova) that was carried out did not show any statistically significant difference between these sample depths, so all the values were utilised when performing the calculations. The available data at Indalsälven’s Water Conservation Association (2014) on the
other hand includes no results on absorbency. Brownification was therefore measured and utilised instead and converted to absorbency in accordance with the following formula:
Abs= Brownification(mg Pt/l)*0.002.
In all three reservoirs where additional data was used to supplement the water chemistry values
measured within the project, there is on the other hand a gradual reduction in the phosphorus levels
(EM-lab, 2006). The very powerful spring tide in 1995 also caused a heavy increase in nutrient salt levels where large water masses caused slips and brought with them large quantities of material. Both this
individual, but naturally elevated, value early on in the data series and the gradual reduction in primarily
the phosphorus level mean that the average value for the phosphorus level in each reservoir varies
strongly depending on which time period the average value calculations are based on. In this report,
calculations were therefore made on the data from the aquabest project and on phosphorus levels
measured over the past 10 years. Since the measured brownification did not show the same gradual
change as the phosphorus level in the three reservoirs, both the absorbency results measured within
this project and the brownification for the whole measurement period (Indalsälven’s Water Conservation
Association, 2014) were utilised in the calculations for Kallsjön, Liten and Gesunden.

2.5.2. Nutrient addition
Theoretical mass balance models are used to calculate the phosphorus addition from the fish farming
operations’ effect on the level of nutrients in the water. The most common and most used are the Vollenweider model and different calibrations thereof (Johansson et. al., 2000). A mass balance model estimates the long-term average values of the total phosphorus concentration in a lake when it is in equilibrium, i.e. after a long period with the same phosphorus addition. The model describes the net sedimentation of phosphorus in the lake as a function of the water’s residence time. A longer residence time
means that a larger share of the phosphorus will have time to sediment in the lake.
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Mathematically speaking, the model can be expressed as:
TP(Vollenweider) = TPin / (1+ √T)
TP = Total concentration of phosphorus in the lake at equilibrium (μg/l)
TPin = Total inflow of phosphorus to the lake from watercourses or discharges from fish farm (μg/l)
T = the water’s turnover time (years)
To calculate the direct phosphorus discharge from the fish farm, you use an equation which calculates the quantity of phosphorus in the feed minus the quantity of phosphorus that remains in the fish
(the Environmental Protection Agency 1993, Johansson et al., 2000).
L = P * (FK * CI - CR) * 10
Where L represents the phosphorus discharge (kg), P represents fish production (net, tonnes), FK represents Feed coefficient (i.e. the quantity of feed required to produce one kilo of fish), CI represents the
concentration of phosphorus in feed (%) and CR represents the concentration of phosphorus in fish (%).
CR usually amounts to 0.4 %. The same formula can be used to calculate the discharge of nitrogen; in
these cases, CR is given as 2.5-3.5% nitrogen in the fish, depending on things like the size of the fish
(the Environmental Protection Agency, 1993).
The following formula is used to calculate the phosphorus addition per litre of water, i.e. the flowcorrected loss of phosphorus (TPin), or the dilution of the phosphorus addition:
TPin = L*1000000/Q
3

Where L is the loss of phosphorus from the farm (kg/year) and Q is the water flow (m /year)
The Vollenweider model is a general load model and in its basic configuration has not been specified for any particular type of lake. A number of different calibrations have therefore been made to the
model to increase the accuracy for different types of lake with varying characteristics. The different calibrations usually differ from Vollenweider’s original formula with two constants: K1 and K2. These are put
into the original model as follows:
TP = K1* (TPin / (1+ √T))

K2

The calculations in this report have been made in accordance with the Nordic calibration of the Vollenweider model where K1=1.12 and K2 =0.92. According to the SLU, OECD (Nordic calibration) is currently the most regularly applied version of the equation for lakes in the relevant area since the basis for
the calibration is also based on lakes that have been affected by the inland ice and the conditions that
prevail in the Nordic Countries (Alanärä and Strand, 2011, Alanärä, 2012). Since the sedimentation of
particulate organic matter is expected to be greater in reservoirs than in unregulated waters, however,
not even the Nordic calibration is optimal since this also probably overestimates the increase in phosphorus in the reservoir (Alanärä & Strand, 2011).

2.5.3. Space for nutrient load
According to the Environmental Protection Agency’s handbook for quality requirements in occurrences
of surface water (the Environmental Protection Agency, 2007a), all waters must be classified in accordance with a scale of one to five, and a classification of a water must also not be impaired. All reservoirs
currently achieve the highest level: High ecological quality with regard to the level of nutrients in the
water. The limit for the deterioration of the level of nutrients without lowering the quality value to Good
ecological quality with an elevation of the phosphorus level goes to a ratio of ≥0.7 when calculating
background levels/measured levels (the Environmental Protection Agency, 2007b). In this report, the
maximum space for nutrient load has therefore been calculated as the phosphorus addition, which
means that the ecological quality ratio amounts to 0.7. The calculation of the space for nutrient load in a
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specific lake is also dependent on the phosphorus level in the feed and the size of the feed coefficient
since a higher phosphorus level and less efficient feeding leads to greater discharges of the nutrients
and thereby a lower the space for nutrients (counted as fish production). In this report, the feed coefficient has therefore been stated as 1.3, which is the maximum permitted feed coefficient in several circumstances. The phosphorus level in the feed has been stated as 0.9 %, which is a common average
value during the year if a mixture of younger fish and fish approaching slaughter size is farmed.
The background level that has been used in this report as a basis for the permitted impact (background level/current level) is based on the background level that was calculated on the basis of the Environmental Protection Agency’s new assessment bases (2007b) (see section 2.5.1). The current level
has been stated as the average value of the measured water chemistry values with regard to total phosphorus.

3.

Results

3.1. Water sampling
Samples of water for the analysis of total phosphorus and absorbency were taken from the ten relevant
reservoirs (table 1) on five different occasions (table 3). The sample taking occasions for water chemistry and chlorophyll were coordinated as far as possible, but in August 2013, an extra sample of chlorophyll only was taken. Samples were taken at different times of the year in accordance with the Environmental Protection Agency’s new assessment bases (the Environmental Protection Agency, 2007b). The
sample taking points were located in the centre of each reservoir at a point where the depth, if possible,
amounted to at least 20 metres. Table 2 states the depth at the sampled points at the damming and
lowering limit respectively since the depth varies strongly during the year in many cases. The table also
states the regulation amplitude for each reservoir. Details of damming and lowering limits in each reservoir were provided by means of personal communication with the water regulation companies where
Torbjörn Näs provided information on Lossen and Christer Rönngren provided details of other reservoirs.
Table 2. Depth at sampled points and regulation amplitude (m).
Depth at highest water level Depth at lowest water level
Hetögeln
Svaningen
Flåsjön
Torrön
Hotagen
Juvuln
Kallsjön
Liten
Gesunden
Lossen

39.60
60.41
63.35
81.84
20.40
65.19
46.42
17.76
45.38
30.66

36.45
57.41
60.35
68.99
16.90
56.64
43.17
17.26
43.38
3.66
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3.15
3.00
3.00
12.85
3.50
8.55
3.25
0.50
2.00
27.00
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3.1.1. Water chemistry
According to the Environmental Protection Agency (1999, 2007b), the limit for low levels of total phosphorus in lakes and watercourses is ≤12.5 µg/l. Samples from all reservoirs fell below this value by a
good margin and in many cases, the measured level of total phosphorus was also lower than the detection limit in the analyses, i.e. <2 µg/l.
On the occasions when the level of total phosphorus was below the detection limit, these values, in
consultation with Hampus Markesten at the Swedish University of Agricultural Sciences (personal contact on 17/01/2014), was stated as 2 µg/l. In reality, the actual value lay between 0 µg/l and 2 µg/l and
could then be stated as 1 µg/l if the values were statistically normally distributed, but since it is very unlikely that there was no phosphorus at all in the water, it is more likely that the phosphorus level lay
closer to 2 µg/l than 1 µg/l, so the decision was to state the value as 2 µg/l when the level was below the
analysis limit. This means that the calculated fish farming potential was lower in the reservoir compared
with if the value had been stated as 1 µg/l, which in turn reduced the risk of an overestimation of the fish
farming potential and a larger nutrient increase.
The average total phosphorus value amounted to between 2.4 and 4.8 in the different reservoirs
(table 3). The results from all analyses of phosphorus levels in the ten relevant reservoirs thereby
showed very nutrient-poor conditions.
Table 3. Results, phosphorus level (µg/l).
Hetögeln
Svaningen
Flåsjön
Torrön
Hotagen
Juvuln
Kallsjön
Liten
Gesunden
Lossen

14/10/2012 25/02/2013 04/06/2013 23/07/2013 25/09/2013 Average
<2
2
3
3
3
<2
<2
3
3
3
3
3
4
4
3
<2
<2
2
3
3
2
2
4
4
3
4
4
3
3
<2
3
<2
3
2
<2
<2
5
6
3
<2
<2
5
5
5
2
3
9
6
4

2.6
2.6
3.4
2.4
3.0
3.5
2.4
3.6
3.8
4.8

3.1.2. Chlorophyll
Chlorophyll was sampled on two ordinary occasions, in July and August 2013, but sample were also
taking in autumn 2012. All results showed low levels of chlorophyll in the water (table 4) and a High ecological quality ratio based on the measured the quantity of chlorophyll (the Environmental Protection
Agency, 2007b). The low levels indicate, as do the low phosphorus levels, that the reservoir is very nutrient-poor.
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Table 4. Results, measured chlorophyll level (mg/m ).

14/10/2012 23/07/2013 14/08/2013
Hetögeln
Svaningen
Flåsjön
Torrön
Hotagen

<1
<1
<1
<1
<1

Juvuln
Kallsjön
Liten
Gesunden
Lossen

<1
<1
1.1
1.6

1
1
<1
1
1
1
<1
2
2
2

1
1
1
2
1
2
1
2
2
2

3.2. Water temperature
The water temperature in each reservoir was measured using temperature loggers between 04/06/2013
and 25/09/2013 at five different depths between the surface (0.5 metres) and at a depth of 20 metres. In
Liten, where the depth of the water chemistry sample taking point was less than 20 metres, a deeper
section was encountered at more than 20 metres within a hundred metres of the water chemistry sample
taking point where the loggers were located. The depth at the relevant point in Lossen was also not less
than the minimum limit of 20 metres during the relevant period in spite of the large regulation amplitude
(table 2). All temperature loggers functioned well throughout the measurement period, and a total of
almost 81 000 temperature values were logged from each reservoir. Curious residents have in some
reservoirs temporarily lifted up the loggers and looked at what has been placed in the reservoir, some
have contacted Aquanord AB and been given a more in-depth explanation of what they have found, but
all loggers have since been restored in the reservoir. In some reservoirs, this can be interpreted as a
temporary peak in the logged temperature curve; primarily, this may clearly be in the curve for surface
water temperature. The anchor line in Kallsjön on the other hand became heavily tangled up when the
equipment was pulled up, so it is possible that the deeper-placed temperature loggers may have been
moved upwards in the water after someone lifted up the equipment, probably on 13/08/2013.
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Temperature loggers placed in Hotagen.

For natural reasons, the lowest temperatures were measured at a depth of twenty metres in the reservoirs and the highest temperatures just below the surface (see Appendix 2). Kallsjön lived up to its name
when the temperature loggers were positioned and showed the absolute lowest temperatures at this
time. At the end of the measurement period, the autumn mixture had taken place in all reservoirs so the
temperatures within each reservoir were more or less homogenous throughout the water mass. During
the summer, some reservoirs probably showed a pycnocline. As the definition of a pycnocline is that the
temperature falls by at least one degree per metre, however, it is difficult to establish with any degree of
certainty the occurrence of a pycnocline since the loggers were positioned at a distance of five metres
from one another. Torrön, Kallsjön and Gesunden showed the clearest temperature differences between
different depths during the measurement period and thereby the clearest indications of a pycnocline.
Liten, Hetögeln and Svaningen showed slightly less clear temperature stratifications, or in some cases
only at the end of July and the start of August when the heat returned following a cold and rainy period.
In Hotagen, Juvuln, Flåsjön and primarily Lossen, the hydropower regulation probably caused the heavy
temperature fluctuations in the deeper water layers, which also counteracted the formation of a pycnocline.

3.3. Fish farming potential
The fish farming potential in each reservoir is linked directly to the space for nutrients which constitutes
the difference between the current measured phosphorus level and the maximum phosphorus level that
each reservoir can reach without the ecological status being changed from High to Good ecological status, which is in turn based on the change compared with the background level. This difference that is
stated in µg phosphorus/l was then transformed into fish production by calculating the quantity of fish
production that leads to a corresponding phosphorus addition at the reservoir’s outflow. This was calculated using a number of steps.
1. First of all, the nutrient addition (kg) from a fish farm of a specified size was calculated (the Environmental Protection Agency, 1993) as an effect of the phosphorus loss that occurs through
feed spillages and faeces.
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2. The dilution effect to which the water flow through the reservoir leads was then calculated which
gives a value for the direct phosphorus addition to the water (µg/l).
3. The Nordic calibration of Vollenweider’s calculation model for the nutrient impact from fish
farms, also called OECD (Nordic calibration) (Johansson et al., 2000) was then used to calculate how large a share of this level increase remains after the water has passed through the reservoir. The difference between the direct addition in step 2 and the level increase in the outflow
is caused by the fact that some of the phosphorus addition sediments and becomes part of the
bed and is thereby no longer available to the ecosystem in the reservoir.
The maximum fish farming potential in each reservoir thereby leads to a phosphorus addition to the lake
after phosphorus retention (step 3) corresponding to the existing space for nutrients, i.e. the level increase that is permitted without the ecological status deteriorating. This report states the size of the fish
farm as fish production (tonnes). The level of phosphorus in the nearby area around the farm before
retention, sedimentation and dilution have taken place may be higher, primarily during late summer
when the production is at its greatest and the most feed is used.
The different stages of the fish farming potential calculations are based on a number of different
fundamental details about each reservoir. These details are therefore shown in table 5.
Table 5. Documenting data for the calculation of each reservoir’s fish farming potential. Unless otherwise stated, the values are from the SMHI or are based on data from the SMHI (SMHI, 2009a-c).
*Calculated by Aquanord AB using sounding map, **Information through personal communication based
#

on sounding map, Based on average depth calculated by Aquanord AB and from the SMHI area.
Average depth
Area (km 2) (m)

Hetögeln
Svaningen
Flåsjön
Torrön
Hotagen
Juvuln
Kallsjön
Liten
Gesunden
Lossen

Volume

Water discharge

(ha 3)

(m 3/s)

22.97

19.4

20.64

17.0*

351.8

110.03

25.3

2878.0

103.01

37.4*

45.80

16.3

463.5

3855.0

Turnover time
(years)

Altitude (m)

106.2

0.14

294.1

123,5

0.09*

286.3

13.0

7.02

267.0

47.3

2.58

417.8

73.0

0.32

313.7

#

58.0

0.4*

392.9

#

#

729.0

19.3*

725.6

158.54

40.1

6140.0

88.6

2.2

382.1

16.25

7.1**

116.1

#

160.8

0.02**

317.6

#

383.0

0.04

203.3

22.2

0.82**

566.0

37.57

29.78

15.4*

457.4

31.35

18.3**

573.2**

Calculations have been performed on the basis of two different scenarios regarding measured and calculated phosphorus levels in Gesunden, Liten and Kallsjön. This is partly because when the water
chemistry values from Indalsälven’s Water Conservation Association (2014) are included in the calculations, another value for the current phosphorus level and another background level for phosphorus is
obtained. Table 6 states the average phosphorus level value for each reservoir that is measured during
the two different selected periods, i.e. that which in the calculations is stated as “current level”. The levels under the heading “Aquabest, incl. Indalsälven (October 2003 - Aug 2013)” have as the heading
states been calculated on the basis of the values measured within this project and the values available
from Indalälven’s Water Conservation Association (2014).
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Table 6. Calculated background levels in accordance with the Environmental Protection Agency’s new
assessment bases (the Environmental Protection Agency, 2007b), current levels (“measured levels”)
and maximum phosphorus levels that can be reached in the lake outflow without its ecological status
being impaired with regard to the nutrients (µg/l).
Aquabest
Calculated background level

Hetögeln
Svaningen
Flåsjön
Torrön
Hotagen
Juvuln
Kallsjön
Liten
Gesunden
Lossen

Measured phosphorus level

Maximum phosphorus level

4.76

2.60

6.80

5.01

2.60

7.16

4.67

3.40

6.66

4.18

2.40

5.97

5.33

3.00

7.62

4.93

3.50

7.05

4.11

2.40

5.87

5.80

3.60

8.28

5.11

3.80

7.29

4.70

4.80

6.71

Aquabest, incl. Indalsälven, 2003-2013
Calculated background level

Kallsjön
Liten
Gesunden

Measured phosphorus level

Maximum phosphorus level

3.89

2.97

5.56

5.51

3.78

7.87

5.14

4.06

7.34

The calculations of fish farming potential in each reservoir are based on a feed coefficient of 1.3 and a
phosphorus level in the feed of 0.9 %. The space for nutrients that can be utilised as the difference between the maximum permitted phosphorus level and the measured phosphorus level in each reservoir
and the result is stated in fish production (tonnes). However, the calculations have been made for each
individual reservoir, which means that if a fish farm or another distinct source of nutrient addition is located upstream of the reservoir for which the calculations are being performed, the fish farming potential
will fall for the relevant reservoir because the space for nutrients falls on the basis of an increase in the
nutrient addition from the areas upstream. It is thereby not possible to farm in accordance with the calculated maximum fish farming potential in table 7 in Torrön, Juvuln, Kallsjön, Liten and Gesunden at the
same time. The calculation of the residual addition from the farming activities upstream must thereby be
added to the current level in the lower reservoir before the space for nutrients for the reservoir downstream is calculated if someone is planning to establish fish farms in several consecutive reservoirs.
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Table 7. Results of maximum fish farming potential (fish production, tonnes). The results under the three
different headings in the table are based on the phosphorus levels under corresponding headings in
table 6.

Hetögeln
Svaningen

Aquabest

Flåsjön
Torrön
Hotagen
Juvuln
Kallsjön
Liten
Gesunden
Lossen

4.

Aquabest & Indalsälven, 2003-2013

2508
3026
621
1780
2179
1354
3077
3590
6451
309

2238
3097
6023

Discussion

4.1. Basic conditions for calculations
The model (OECD Nordic calibration) used to calculate the farming potential in Norrland’s reservoirs
within the Aquabest project is the calculation model recommended by the SLU for the calculation of fish
farming potential in Norrland’s regulation reservoirs (Alanärä and Strand, 2011). The calculation model
does on the other hand require the fulfilment of some requirements to provide a fair result.
1. Since the model is based on the whole lake’s turnover time and volume, the calculations require
the fish farm to be located at the top of the lake and the water sample where the calculated levels are measured to be taken at the lake’s outflow. If this is not satisfied, the nutrient addition
from the fish farming area will pass the lake or the reservoir in a shorter time than is provided for
by the calculation; this means that the sedimentation of phosphorus will fall and the measured
phosphorus level at the lake’s outflow will be higher than stated by the model.
2. The model similarly requires the flows in the lake to permit a full mixture so that the nutrients will
be able to spread out and be diluted in throughout the volume of the lake. Again, the measured
phosphorus levels at the lake’s outflow will be able to exceed the calculated levels unless this
requirement is satisfied.
3. The third basic condition that must be satisfied for the model to be able to provide a correct value is that the discharge of the nutrients from the farm is evenly distributed throughout the year.
In practice, the greatest addition from the farm occurs during the high summer when the production and feeding are at their greatest. This primarily causes the levels in the surrounding area to
increase during the summer while the levels at a greater distance from the farm vary less during
the year, at least in larger reservoirs with turnover times of approximately one year.
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4.2. Choice of documenting data
When selecting documenting data, several questions arise. The first question is whether it is possible to
obtain the relevant and unaffected data on the original condition in the relevant the reservoir. If this is not
possible, the calculation of background levels that are stated in the Environmental Protection Agency’s
new assessment bases (the Environmental Protection Agency, 2007b) should be used as a basis. As a
last resort, data from other nearby but unaffected areas can also be used.
The next question is which data must be included as documenting data. A general rule in statistical
calculations is that more documenting data leads to a more accurate result, which is usually obtained
through a longer data series. When selecting documenting data in this report, where seven of the reservoirs were concerned there was access only to the water chemistry samples taken within this project.
For these seven reservoirs, documenting data was selected on an individual basis, the data series was
short and all data therefore had to be used. In the three reservoirs where the water chemistry values
from Indalsälven’s Water Conservation Association had been included, there were on the other hand
many more available values to utilise. On closer inspection of these values, there was a trend of falling
levels of phosphorus in Indalsälven, which had also been ascertained by EM-Lab. (2006). If the average
value for the phosphorus level is based on the measurement series over 10 years and is stated as the
current value, this leads to a higher average value compared with if the average value were based only
on the values measured during the project. At the same time, we must consider whether the trend that
has been encountered in some data series is a natural and long-term variation in the climate, for example, or whether it is due to an increase or reduction in the human impact that will not return to its original
situation. Where the change is continuous throughout the period and the reason is unknown, there is no
definite answer as to how we should weigh up the importance of a long data series and much documenting data against excluding parts of the data series to provide as updated a picture of the current situation
as possible. Two different calculations have therefore been performed in this report on the basis of the
available data series from the project and on documenting data measured over the past ten years. The
trend of a falling phosphorus level in Indalsälven is probably caused by a combined effect of the power
plant regulation of the river, a reduction in the amount of agriculture within the drainage area and possibly also by a fall in discharges from treatment plants and individual sewers. If the causes of the fall in the
phosphorus level have been correctly assessed and no drastic change in the population pressure or the
land use occurs, the phosphorus levels will not increase and the water systems will not return to a nutrient-richer condition.

4.3. Share of phosphorus that remains in the lake and the impact
downstream
A large share of the phosphorus addition from a fish farm will sediment on the bed and remain in the
reservoir (see table 8), which the load models are based on. The phosphorus levels will thereby be lower in the reservoir’s outflow than in the area closer to the farm where only the dilution effect has had time
to occur.
Table 8 clearly shows that the turnover time is a very important parameter to how large a share of
phosphorus that continues downstream in the watercourse compared with how large shares of phosphorus that sediments in the lake or the reservoir. A long turnover time, such as in Flåsjön, usually means
that the theoretical potential is high according to the calculations that are based on the whole reservoir.
At the same time, the low water turnover means that the impact on the surrounding area is greater and
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there is an easy risk of it becoming too high. In the Flåsjön example, the phosphorus level after dilution
through the water flow would give an increase of a full 11.66 µg/l in addition to the current level of phosphorus near the farm area. It is thereby not reasonable to farm 621 tonnes of fish in Flåsjön even if the
calculations on the basis of OEDC (Nordic calibration) indicate that the phosphorus level at the outflow
will not become greater than that which the lake can cope with without impairing the ecological status.
The opposite situation could occur in Gesunden or Liten, which are the two reservoirs that have the
shortest turnover time. In these reservoirs, both of which are in Indalsälven’s mainstream, the large water throughput means that the dilution effect is enough in itself to be able to farm a lot of fish. The high
dilution effect will have an impact downstream in the next lake or reservoir.
Table 8. Phosphorus addition from the fish farming potentials stated in table 7 at direct dilution and at
each reservoir’s outflow, i.e. following retention and sedimentation and the share of phosphorus addition
that remains within the lake.

Turnover time
(years)

Fish production
(ton)

Phosphorus addition
only dilution (µg/l)

Remaining
phosphorus addition
at lake outlet (µg P/l)

Proportion that
settles (%)

Hetögeln

0.14

2508

5.77

4.20

27,23

Svaningen

0.09

3026

5.98

4.56

23/78

Flåsjön

7.02

621

11.66

3.26

72.04

Torrön

2.58

1780

9.19

3.57

61.17

Hotagen

0.32

2179

7.29

4.62

36.64

Juvuln

0.40

1354

5.70

3.54

37.83

Kallsjön

2.20

3077

8.48

3.47

59.11

Liten

0.02

3590

5.45

4.68

14.10

Gesunden

0.04

6451

4.11

3.49

15.07

Lossen

0.82

309

3.40

1.91

43.86

The impact on the whole lake (actually the lake outflow and in accordance with OECD, Nordic calibration) against the impact within the nearby area through direct dilution must therefore be weighed up in
each individual case. On the basis of the results in this report, the whole the theoretical calculated fish
farming potential in Flåsjön in table 7 should therefore not be used. In order for the phosphorus addition
after dilution added to the current phosphorus level in the reservoir not to exceed 12.5 µg/l, i.e. the limit
for low phosphorus levels, no more than 484 tonnes of fish can be farmed in Flåsjön. The fish farming
potential in other reservoirs in this report is instead limited by the calculated phosphorus level in the
reservoir’s outflow on the basis of the fact that the ratio between background levels and current phosphorus levels must not fall below 0.7 in accordance with table 8 (the Environmental Protection Agency,
2007b).
Aquanord AB’s empirical studies through theoretical calculations in a number of lakes and reservoirs in Norrland have shown that the lakes and reservoirs that have a turnover time of around one year
usually achieve the best results after weighing up the quantity of phosphorus that sediments and the
dilution of the addition in the nearby area. In lakes with turnover times that heavily exceed one year,
there is a risk of the impact in the area surrounding the farm being too great based on low water turnover, and in lakes with turnover times that are clearly less than one year there is a risk that the effects
from the farm will be displaced to the areas downstream.
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4.4. Changes to water flow
As previously mentioned, the fish farming potential depends on the turnover time in the reservoir. The
turnover time is in turn dependent on the volume and water throughput. As the volume in the reservoirs
is not modified unless the regulation amplitude is changed, the greatest risk is that of changed turnover
times in a changed water flow. The water flow is due to precipitation and drainage and can vary strongly
during the year. On the other hand, the average evapotranspiration during the year on which the calculation of fish farming potential is based changes primarily upon large-scale changes in things like the
quantities of precipitation. The SMHI’s own data on measured quantities of precipitation from the 1860s
onwards (SMHI, 2014a) shows a gradual increase in the quantities of precipitation over Sweden. An
increase in precipitation leads to an increased water flow and thereby a shorter turnover time. As previously mentioned, the shorter turnover time means that a smaller share of the phosphorus settles in the
reservoir while a larger share of phosphorus is conveyed further downstream, but the impact on the
surrounding area is also reduced by means of the increase in the dilution effect.
The fish farming potentials shown in table 7 are based on the SMHI’s data series on water flows
measured in the 1900s (SMHI, 2009a) (see table 9). However, the length of the different time series
does vary between the different measurement stations and thereby also the reliability of the values.
However, the SMHI states on its website that the flow statistics constitute “the long-term values in the
climate of the 1900s under current regulation conditions or under natural conditions”. When comparing
these values and the measured values provided by the water regulation companies for the period of
2000-2012 and the station-corrected values for 1981-2010 published by the SMHI on its water web
(SMHI, 2014b), the water flows increased slightly at the end of the 1900s up until today.
Table 9. Average Water current in the relevant reservoir’s outflow on the basis of different sources and
time series. The SMHI’s 1900s (SMHI, 2009a) were utilised in the calculations of fish farming potential in
table 7. VRF 2000-2012 constitutes data provided by the water regulation companies for the stated period (The water regulation companies, 2014) and the values from the SMHI’s water web for 1981-2010
(SMHI, 2014b) are the station-corrected values for all reservoirs for the stated period; however, the water flow for Svaningen provided by the water regulation companies includes the whole of Ströms Vattudal, so this value differs markedly from the SMHI’s values. * The value for Flåsjön is not stationcorrected – it is only modelled.
SMHI 1900-tal
(m3/s)

VRF 2000-2012 SMHI 1981-2010 Difference SMHI 20th
(m3/s)
(m3/s)
cent. & VRF 2000-2012 (%)

Difference SMHI 20th cent.
& SMHI 1981-2010 (%)

Hetögeln

106.2

115.3

107.0

8.55

0.75

Svaningen

123.5

149.2*

127.0

20.82

2.83

Flåsjön

13.0

13.3

14.1

2.40

8.46

Torrön

47.3

49.3

48.5

4.28

2.54

Hotagen

73.0

75.1

79.6

2.86

9.04

Juvuln

58.0

57,2

59.2

-1.39

2.07

Kallsjön

88.6

88.3

90.2

-0.38

1.81

Liten

160.8

162.5

175.0

1.06

8.83

Gesunden

383.0

396.0

398.0

3.40

3.92

22.2

22.7

23.1

2.11

4.05

Lossen
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4.5. Changes in nutrient loads
As the documenting data from Indalsälven’s Water Conservation Association (2014) shows, changes to
the nutrients levels in the water can occur without a specific point source being added or disappearing.
This can be due to continued nutrient depletion in upstream reservoirs or changes to land use upstream,
for instance an increase or reduction in agriculture. The differences in land use may also consist of
changes to forestry with large-scale deforestation or reforestation of larger rejuvenation areas. It may
also be due to improved cleaning in treatment plants, a reduction in the number of individual sewers and
large changes to the population or tourism upstream of the relevant lake.
The fish farming potential calculations made in this report are based on the currently known water
chemistry basis. When changes occur to the of nutrient levels in the relevant lake or reservoir, the fish
farming potential may also change.

4.6. Share of bioavailable phosphorus
In the calculations in this report, no differentiation has been made between the addition of bioavailable
or non-bioavailable phosphorus - the space for nutrients and the fish farming potential have been based
on the total phosphorus addition from the theoretical fish farming operations. On the other hand, there
are reports to indicate that less than one third of the phosphorus content of feed residues and faeces is
available to the ecosystem (Carlson, 2008; Holm & Kroger’s, 2003; Gustafsson, 2003) while the remaining share is too firmly bound to the other substances to be released in a natural way. There are also
some source references to older reports which in turn state that around two thirds of the phosphorus
discharges are available to the ecosystem (Ewell, 1987; Larsson, 1987; Persson, 1986, referred to in
Alanärä, 2012).
Which effect non bio available phosphorous has on the ecosystem has not been that closely investigated. If the whole of the phosphorus addition is not bioavailable, this should in the first instance be
used as an extra security. In heavily regulated reservoirs where the primary production is in principle
based only on phytoplankton production, the extra nutrient addition from a fish farm increases the risk of
negative changes to the phytoplankton community more than in normally-functioning ecosystems since
it is in principle only the phytoplankton production that can benefit from the nutrient addition.

4.7. Share of fish farming potential that is utilised for fish farming
Discussions take place on how large a share of nutrients a fish farm shall utilise in a reservoir. The discussion also covers how large a share of the calculated share of nutrients that a specific entrepreneur
ought to be able to utilise, how large a share ought to be saved for other fish farming activities, how
large a share ought to be saved for other competing interests and how large a buffer is needed for unexpected nutrient additions.
According to the Environmental Protection Agency’s General Advice on Fish Farming (1993), only
one third of the space for nutrients should be utilised by each practitioner the other two thirds should be
left for future plans (e.g. fish farms) and a buffer for unforeseen events. The general guidelines from
1993 will be removed in the spring of 2015 when the Swedish Agency for Marine and Water Management’s new guidance for monitoring and licensing of aquaculture is complete.
It can on the other hand be pointed out that it is better from the environmental point of view to
spread the nutrient addition to more than one addition point in a reservoir in order to reduce the risk of
the negative impact on the nearby area. However, this does at the same time mean that the calculations
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of the effect of the nutrient supplement from a specific farming volume must be corrected since parts of
the farm volume are no longer placed by the lake’s inflow, which is one of the basic conditions in the
calculation model.
The values calculated for fish farming potential that are stated for the relevant reservoirs in this report are thereby the absolute maximum limits for fish farms in each reservoir. If the fish farming volume
is spread out among several farming locations within the reservoir, the risk of the impact on the nearby
area is reduced but the potential farming volume falls at the same time. If fish farms are established
upstream from the relevant reservoir, consideration must also be given to the addition to which this fish
farm will lead in the water that passes downstream in the water system, which again reduces the farming volume in the lower reservoir.

5.

Conclusion

There is very great potential for fish farming in Jämtland’s reservoirs. In the reservoirs examined within
this project, the fish farming potential amounted to between 309 and 6 451 tonnes, with a total volume of
almost 25 000 tonnes. However, it will not be possible to utilise the total volume since several of the
reservoirs are right next to one another and the fish farming potential in a downstream reservoir is reduced if a fish farm or another large nutrient addition occurs in a reservoir upstream or downstream.
Aquanord AB’s assignment within the Aquabest project was to take samples from ten selected
lakes and calculate the maximum fish farming potential for each individual reservoir. During the project,
desires were also expressed to produce a manual with a uniform model for the way in which it will be
possible to calculate the fish farming potential for Norrland’s reservoirs and the way to handle various
questions when performing the calculations.
However, as each lake and/or reservoir has individual conditions that can also change with time, it
is not currently possible to establish a uniform manual that is suitable for all of Sweden’s lakes and reservoirs. The calculation model recommended by the SLU (Alanärä and Strand, 2011; Alanärä, 2012)
indicates that the effect of fish farming operations on the level of nutrients in the water is currently the
most applied mass balance model for fish farming potential, even though it probably underestimates the
potential. On the other hand, the difficulty arises if basic conditions required by the mass balance model
are not satisfied, e.g. if the farm is not planned for positioning by the reservoir’s inflow or if the reservoir
has so many or large bays that full mixture of the whole water volume cannot be expected to be reasonable. Difficulties can also arise when relevant documenting data for phosphorus levels, reservoir volume
or average depth shall be produced and when selecting documenting data. Consideration must therefore always be shown for each lake’s or reservoirs specific conditions and the documenting data that is
available.
Various uncertainty factors have therefore been raised and discussed in this report to highlight the
problems and, where appropriate, also provide some guidance. In order to circumvent more of the uncertainty factors highlighted in this report, the Swedish University of Agricultural Sciences has also applied for funds to investigate these. They are planning to investigate the effect of the chain reaction that
takes place at the time when the nutrients are added to reservoirs that are downstream from an established fish farming, how the length of time series for documenting data ought to be chosen and how
measured data that falls below the reporting limit should be handled (H. Markensten, personal communication on 17/01/2014). These surveys will hopefully straighten out some of the remaining questions
and simplify the choice of documenting data. Until then, this report can constitute a good basis for those
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who are planning to establish fish farms in Jämtland and the authorities that deal with the licensing applications. This report can also hopefully facilitate the handling of the licence application process for
planned fish farming activities, primarily in reservoirs, for other interested parties and authorities in other
parts of the country.
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Appendices
Appendix 1. Water chemistry results
Appendix 2. Temperature curves measured in the ten relevant reservoirs
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Appendix 1. Water chemistry results
Results of measured absorbency (abs/5 cm) within the Aquabest project
14/10/2012

25/02/2013

04/06/2013

23/07/2013

25/09/2013

Average

Hetögeln

0.030

0.035

0.038

0.035

0.046

0.037

Svaningen

0.036

0.041

0.041

0.037

0.047

0.040

Flåsjön

0.040

0.043

0.041

0.038

0.037

0.040

Torrön

0.045

0.048

0.047

0.042

0.042

0.045

Hotagen

0.061

0.051

0.057

0.048

0.047

0.053

Juvuln

0.054

0.052

0.047

0.047

0.050

Kallsjön

0.038

0.053

0.041

0.040

0.038

0.042

Liten

0.039

0.042

0.047

0.029

0.036

0.039

Gesunden

0.006

0.037

0.050

0.036

0.036

0.033

Lossen

0.047

0.048

0.054

0.049

0.043

0.048
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Appendix 2. Temperature curves measured in the ten relevant reservoirs
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