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Abstract

The nutrients phosphorus and nitrogen are necessary for phytoplankton growth, but nutrient
enrichment (eutrophication) can be of global and national concern. Lake Arungen is a
eutrophic lake that has been plagued by visible cyanobacteria blooms, which can be toxic.
This thesis examined the succession in the phytoplankton community and investigated if
there were any connections between phytoplankton growth and nutrient dynamics in Lake
Arungen. Data was collected as water samples and in situ measurements on biweekly field
trips, where the water samples were later analysed at the lab for nutrients and phytoplankton

pigments.

Diatoms dominated at the beginning and end of the season, and were also present during the
peaks of other phytoplankton groups. In August a visible cyanobacteria bloom began to form
on the lake surface. Principal component analysis (PCA) found a correlation between total
phosphorus (TP) and chlorophyll a, indicating a relationship between the two. Total nitrogen
(TN) and nitrate correlated with the TN and nitrate for the outlet, but not to any of the

pigments.

The main findings in this study were the domination of diatoms, the succession of
phytoplankton groups in Lake Arungen, and the coupling between TP and phytoplankton
growth. Another important finding is that Lake Arungen was feeding the outlet with nitrogen,
with possible adverse effects further down in the river system. This study challenges the
assumption that all eutrophic lakes are dominated by cyanobacteria and highlights the need

for more understanding of phytoplankton dynamics throughout the summer.

i1



Sammendrag

Neringsstoffene fosfor og nitrogen er ngdvendige for fytoplankton vekst, men gkt tilfgrsel av
nzringsstoffer (eutrofiering) kan vare et globalt og nasjonalt problem. Arungen er en eutrof
innsj@ som har lenge vert plaget av synlige blagrgnnbakterie oppblomstringer, som kan vere
giftige. Denne studien har gransket suksesjonen i fytoplankton-samfunnet og undersgkt om
det er noe sammenheng mellom fytoplanktonvekst og naringsstoffdynamikk i Arungen. Data
ble samlet inn som vannprgver og in situ malinger annenhver uke, hvorav vannprgvene

senere ble analysert pa laboratoriet for neringsstoffer og fytoplanktonpigmenter.

Kiselalger dominerte pa starten og slutten av sesongen, og var samtidig til stede under de
andre fytoplanktonene sine topper. I august var det en tydelig blagrgnnbakterieoppblomstring
pa toppen av innsjgen. Prinsipal komponentanalyse (PCA) fant en korrelasjon mellom total
fosfor (TP) og klorofyll a, noe som indikerer et forhold mellom dem. Total nitrogen (TN) og
nitrat korrelerte med TN og nitrat for utlgpet til Arungen, men ikke til noen av

fytoplanktongruppene.

Hovedfunnene i denne oppgaven var dominansen av kiselalger, suksesjonen av fytoplankton
grupper i Arungen og sammenhengen mellom TP og fytoplankton vekst. Et annet viktig funn
var at innsjgen bidro med nitrogen til utlgpet, noe som kan ha negative effekter lengre ned 1
vassdraget. Denne studien utfordrer antakelsen om at alle eutrofe innsjger domineres av
blagrgnnbakterier og understreker behovet for mer forstéelse av fytoplanktons dynamikk

gjennom sommeren.
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Introduction

Eutrophication, characterized by increased primary production as a consequence of nutrient
enrichment in lakes, is of global and national concern. According to the Norwegian
Environment Agency, approximately 200 Norwegian lakes fail to achieve good ecological
status due to eutrophication (Solheim et al., 2022). Nutrient runoff from human activities
such as agriculture or sewage can accelerate natural processes in lakes, leading to algae
blooms (Bronmark & Hansson, 2017a). In most cases these blooms consist of phytoplankton,
which are small photosynthesizing algae floating freely in the water column. A study found
that the intensity of phytoplankton blooms has increased globally since the 1980s (Ho et al.,
2019). Different phytoplankton groups can be responsible for these blooms. The most
infamous one is the cyanobacteria, which often cause visible blooms on the lake surface and
can be toxic (Paerl et al., 2001). However, cyanobacteria does not always dominate and the
phytoplankton composition may change throughout the summer season or on a yearly basis
(Laugaste et al., 1996). Various factors contribute to these changes, including nutrient input

and weather conditions.

Since Schindler (1974) documented the profound impact of phosphorus on phytoplankton
dynamics in nutrient-poor lakes, phosphorus has been widely regarded as the most important
limiting nutrient in lakes (Sterner, 2008). Whereas for marine systems nitrogen is regarded as
the limiting nutrient. Other studies show that freshwater systems may not be limited by a
single nutrient, but co-limited by both nitrogen and phosphorus (Elser et al., 2007; Miiller &
Mitrovic, 2015). Numerous strategies aimed at reducing phytoplankton biomass through
phosphorus management are implemented but hindered by internal loading of phosphorus.
Since phosphate is highly reactive, it readily binds to iron in lakes and sinks to the sediment,
rendering it unavailable for phytoplankton uptake. However, under anoxic conditions in the
hypolimnion, phosphate may be released due to the reduction of iron (Brénmark & Hansson,
2017a). Eutrophication often causes anoxic conditions in the hypolimnion (Jenny et al.,
2016), reinforcing eutrophication by making more phosphorus available for the
phytoplankton. A study conducted by Jensen & Andersen (1992) found that high nitrate
concentrations sustain iron oxidation, thereby preventing the release of phosphorus from the
sediment. It has therefore been proposed that nitrate addition could serve as a potential

management strategy for reducing phytoplankton biomass in lakes (Sgndergaard et al., 2000).



Weather conditions have a large effect on both the nutrient distribution in lakes and the
ecological dynamics of phytoplankton communities. Phytoplankton are small but have a
higher density than water. Stable weather with little wind promotes stratification in dimictic
lakes during the summer, thereby trapping phytoplankton lacking effective adaptions against
sinking in areas without light (Bronmark & Hansson, 2017a). Certain phytoplankton taxa,
such as diatoms, rely on turbulence to move in the lake (Granéli & Turner, 2006), thus
favouring periods with more wind and turbulence. Other groups like cyanobacteria prefer
stratification and can quickly form blooms as soon as favourable conditions present
themselves (Granéli & Turner, 2006). Rainfall events can transport nutrients from the
catchment areas into lakes, potentially leading to elevated nutrient concentrations,
particularly in agricultural regions (Bronmark & Hansson, 2017a). Projections from the
Norwegian Centre for Climate Services (NCCS) anticipate more intense and frequent rainfall
events in Norway (Hisdal et al., 2017). How this will affect future lakes is not clearly

understood yet, but important to consider.

Lake Arungen is situated in southern Norway and has long been plagued with high nutrient
levels and recurrent phytoplankton blooms. Sediment analyses reveal that the lake’s natural
state is mesotrophic, due to its geological bedrock with nutrient-rich marine clay deposits
(Romarheim, 2012). Nearly half of the catchment area is dedicated to agriculture, owing to
the nutrient-rich bedrock. Since the 1930s, agricultural practices have shifted in the
catchment, moving from domination of pastures to cereal cultivation and increase in fertilizer
use (Riise et al., 2013). The lake was previously a popular recreational spot, especially for
swimming, before the water quality quickly deteriorated in the 1960s and fish deaths caused
by anoxia were witnessed (Borch et al., 2007). Measures were put in place in the 1980s to
reduce the phytoplankton biomass, and efforts included sewage treatment and better
agricultural practice (Borch et al., 2007). While these efforts yielded some improvements, the
lake failed to fully revert to its original mesotrophic state. In the same period, researchers
recorded more nitrogen-fixating species of cyanobacteria in the lake (Romarheim & Riise,

2009).

Lake Arungen is currently still not meeting the goal of good ecological status and is classified
to be in a moderate status (Stabell et al., 2022). Several problems make it difficult to improve
its status, largely due to external and internal nutrient inputs. Frostad’s master thesis (2018)

investigated the possibility of internal loading of phosphorus in Lake Arungen and concluded



that nitrate and phosphate were coupled. Internal loading of phosphorus was witnessed for
several years when the nitrate values were low and the hypolimnion was anoxic (Frostad,
2018). Given the lake’s high nutrient levels through the summer, nutrient levels are probably
in surplus during large parts of the growing season, and phytoplankton may be limited by
other factors than nutrients. Previous research has suggested light limitation as a key factor
(Romarheim, 2012). Various particles, such as organic matter, may shade for the
phytoplankton, or the phytoplankton may become trapped outside of the euphotic zone due to
turbulence caused by wind. According to Romarheim et al. (2012), in these situations
cyanobacteria may produce gas vesicles and float to the surface when the wind situation
calms down. This can cause an “overshoot” reaction, where large amounts of the
cyanobacteria gather at the surface causing large blooms and continuing the cycle of light

limitation in the lake (Romarheim et al., 2012).

Prior studies (Frostad, 2018; Romarheim, 2012) have focused on nutrient dynamics and
limiting factors for phytoplankton growth in the lake, and less on the phytoplankton
community itself. Therefore, this thesis aims to assess the phytoplankton community and
investigate if there are any connections between phytoplankton growth and nutrient dynamics
in Lake Arungen at a time with changing and more variable weather conditions. Based on the
water samples taken and measurements obtained, this thesis addresses the following

questions:
Is there any discernible succession among phytoplankton groups in Lake Arungen?

Is there a coupling between phytoplankton growth and nutrient dynamics in the thermally

stratified Lake Arungen?



Methods

Site description

Lake Arungen is situated between the municipalities As and Frogn in Akershus County.
According to Koppens climate zones, the lake is in the temperate cold zone (Mamen, 2021).
This climate zone is known to have cold winters and mild summers. The lake stretches three
kilometres long and covers an area of 1.2 km?. It is oriented in a south-north direction and is
highly exposed to wind (Romarheim & Riise, 2009). The deepest point of the lake is 13.2 m
and the average depth is 8 m (Riise et al., 2013). According to Borch et al. (2007), the lake
has a theoretical retention time of four and a half months. Lake Arungen follows a dimictic
pattern, undergoing two distinct periods of whole-lake circulation annually. These periods are

in spring and autumn, meanwhile the lake is thermally stratified during the summer.

Arungen’s catchment area is approximately 52 km? and encompasses parts of As, Ski and
Frogn municipalities (Figure 1). The catchment ranges between 33 m to 160 m above sea
level (Borch et al., 2007), while the lake sits at 34 m. Six streams flow into the lake, mainly
from agricultural areas that make up about half of the catchment. Bglstadbekken is the largest
of these streams and originates from Lake @stensjgvann. According to the map service
NEVINA from the Norwegian Water Resources and Energy Directorate (NVE), the rest of
the catchment is mainly forest (35%), and urban areas (5%) (Appendix 1, Figure Al). Lake
Arungen has one major outlet stream called Arungselva, which drains into Bunnefjorden. The
lake and the stream are part of the Arung river system which helps supply water to

Oslofjorden.

) Bolstadbekken,

-/ |Brennerud-
bekken

Figure 1: Map over Lake Arungen and its catchment and sub-catchments (Borch et al., 2007).
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Sampling and treatment of samples

Data in this study consists of water samples and in situ measurements from Lake Arungen in
the period May to October 2023. The data was collected in Lake Arungen at a two-week
interval. The first sampling occurred on May 24, and the last on October 13 (Appendix 2,
Table Al). There was some variation in the sampling interval, with the longest time between
sampling being three weeks and the shortest nine days. In total, there were 11 samplings. The
sampling site was at the deepest part of the lake. With the help of a Swedaq Hydro- X water
sampler, water from seven different depths was collected in 500 ml plastic bottles. These
depths were: 0.5 m, I m,3 m,5 m,8 m, 11 m, and 12 m. Each time the water bottles were

cleansed with water from the corresponding depth.

In addition to the samples from Lake Arungen, one sample was collected from the outlet
every time. The water sample from Arungselva was collected with a plastic bottle from the
surface of the stream. This meant that eight water samples were collected at every field trip.

All the samples from Lake Arungen and the outlet resulted in a total of 88 samples.

The water samples were brought back to the lab within an hour. Two unfiltered 10 ml
samples were taken from each plastic flask for later total nitrogen (TN) and total phosphorus
(TP) analysis. This resulted in 176 unfiltered water samples. Afterwards, 300 ml were
measured from the flasks and filtered with 1.2 um glass fibre filters. There was one sampling
conducted on June 7, where only 200 ml were used for filtration. From the filtered liquids, 50
ml were collected in separate test flasks. All the filters from the lake samples were collected
in separate plastic containers for later pigment analysis. The samples from Lake Arungen
were also measured for their pH and absorbance (abs). pH was measured with unfiltered
water from the samples. A pHenomenal meter from VWR was utilized for this task. Around
10 ml of filtered samples were used to measure absorbance with the UV-1201
spectrophotometer from Shimadzu at 410 nm. The same spectrophotometer was later used in
the ammonium and total phosphorus analyses. After finishing all the tests, the samples were

frozen for later analyses.
In situ measurements

Four parameters were measured in situ: oxygen concentration, oxygen saturation,
temperature, and Secchi depth. The three first parameters were measured with an optical

oxygen measurer from YSI. Measurements started at half a meter, and were then measured at



every depth from one to twelve meters. The Secchi depth was measured with a standard
square, white Secchi disk. This was later multiplied by 2.5 to give an estimate for the

euphotic zone. To calculate the approximate euphotic zone, Equation 1 was used:
Secchi depth x 2,5 = Euphotic Zone
(Equation 1)
Laboratory analysis

The analysis was done at the laboratory in Jordfagsbygningen at NMBU. All autoclaving was
done by the laboratory personnel at the building. Other tasks were also performed by the

laboratory personnel, which are highlighted in each respective analysis.
Total phosphorus

The unfiltered samples all include phosphorus in different forms. Phosphorus can be bound to
clay particles, exist within phytoplankton and bacteria, or be in a form that is otherwise
difficult to measure. Therefore, to be able to measure the total phosphorus concentration in
the water samples, all phosphorus in the samples was oxidized to phosphate. The procedure
followed the Norwegian Standard (NS-EN 1189). Two millilitres of potassium
peroxydisulfate was added to half of the 10 ml unfiltered water samples, resulting in 88
samples for total phosphorus analysis. Subsequently, the samples were autoclaved at 121°C

and 1 bar pressure for 30 minutes.

Total phosphorus was measured through a colour reaction and with a spectrophotometer.
With the addition of ascorbic acid, the pH in the samples was lowered and through a reaction
with molybdate, the solutions took on a strong blue colour depending on the amount of
phosphorus present in the sample. Five millilitres of each sample were pipetted and added to
glass tubes. Then 0.25 ml of ascorbic acid was added to lower the pH, and the samples were
centrifuged. Afterwards, 0.25 ml of molybdate was added to the samples, and centrifuged
once again. The samples were then left to rest for 30 minutes before they were analysed at

880 nm in the photometer.

Five blank tests of distilled water and five standard samples followed the same procedure,

whereas the latter was used to create a standard curve (Appendix 3, Figure A2). The standard



samples were created with 1mg/l PO4-P with concentrations of 0.2,0.4, 0.6, 0.8, Img/l PO,-

P. The blanks were used to account for background colour in the samples.
Total nitrogen

Similar to phosphorus, nitrogen appears in many forms in the unfiltered water samples. To
analyse for total nitrogen, all the forms of nitrogen in the sample need to be oxidized to
nitrate. The analysis did not account for dinitrogen (N,). Dinitrogen is very stable and is only
used by very few specialized cyanobacteria. Since dinitrogen is not a form of nitrogen most
organisms can use, lacking dinitrogen from total nitrogen will still give an indication of the

total nitrogen accessible for most organisms in lakes.

The procedure followed a modified version of the Norwegian Standard (NS 4743). To oxidize
the samples, 5 ml of a solution consisting of potassium peroxydisulfate and NaOH was added
to the other half of the unfiltered water samples. The samples were then autoclaved at 121°C
and 1 bar pressure for 30 minutes. The rest of the analysis was done with the help of the lab
personnel at Jordfagsbygningen. Total nitrogen was measured by Flow Injection Analysis

(FIA). This was measured with a FIAstar 5000 analyzer from FOSS.
Ammonium

To analyse ammonium (NH,) a colour reaction and photometer were utilized. This was done
following a modified version of the Norwegian Standard (NS 4746). Ammonium in the water
samples will react with hypochlorite to form monochloramine, which will produce 5-
aminosalicylate when salicylate is added. The samples will then turn blue depending on the
amount of ammonium. The colour intensity has a positive linear correlation with the

concentration of ammonium, giving a stronger blue colour for higher concentrations.

Before analysing the water samples, standard samples were prepared. Five standard samples
at the concentrations of 0.2,0.4,0.6,0.8, and 1 mg/l NH,-N were made and went through the
same procedure as the water samples. These were then used to make a standard curve to
identify the correlation between ammonium concentration and the absorbance in the water
samples (Appendix 3, Figure A2). In addition, five blank tests made with distilled water were

also analysed to account for background colour from the chemicals and water.

First, 3 ml of the filtered water samples were collected in glass tubes and 0.5 ml of

hypochlorite was added. This was then centrifuged before 0.5 ml of salicylate was added.



Afterwards, the samples were centrifuged again and subsequently left to develop colour for
one hour. A spectrophotometer with 2 cm cuvettes was used to measure the absorbance of the
samples at 655 nm. The results were compared with the absorbance of the standard curve

(Appendix 3, Figure A2).
Nitrate and phosphate

Ion chromatography was used to gather information about the concentration of nitrate and
phosphate in the water samples. Nitrate and phosphate are negatively charged ions, making
this method well-suited for their analysis. To prepare for the test, 1 ml was collected from all
the filtered samples in small plastic tubes with lids. The samples were then run through an ion
chromatography system (Dionex ICS-6000) by the lab staff at Jordfagsbygningen. The
instrument calculates the concentrations of the ions by comparing them with known standard

solutions.
Pigments

Phytoplankton use pigments for photosynthesis, and some pigments are group-specific.
Therefore, pigments can be used to identify what type of phytoplankton are present in the
lake, and the amounts of phytoplankton. All phytoplankton have chlorophyll a, which was
used as a measurement for total phytoplankton volume. The analysis focused on these

pigments (Table 1):

Table 1: List of pigment groups analysed and corresponding phytoplankton group.

Pigment Found in

Alloxanthin Cryptomonads

Chlorophyl a All phytoplankton
Fucoxanthin Dinoflagellates and diatoms
Peridinin Dinoflagellates

The lab staff at Jordfagsbygningen performed the analysis. All pigments had to be extracted,

which was accomplished by using the filters from the filtration of the samples. Since these



filters contained about 0.5 ml of water, all the filters were freeze-dried for 24 hours.
Afterwards, 3 ml of acetone was added to the filters before leaving them overnight in a cool
dark place. Before proceeding with the pigment analysis, the samples were centrifuged for 15
minutes at 3000 G to remove plant particles. They were then pipetted into smaller brown
tubes, where 20% of water was added. Since the pigments are polar, the water will improve

the separation of pigments in the later analysis (Hagman et al., 2019).

Pigment analysis was conducted by using High-Performance Liquid Chromatography
(HPLC) with the modified procedure established by Hagman (Hagman et al., 2019). A
Dionex Ultimate 3000 was used for this analysis. The machine was calibrated once, but

known standards are used to test the machine and assure its accuracy.
Microscope identification of cyanobacteria

At the sampling on September 6, a microscope was used to identify phytoplankton from the
visible bloom. The identification was done with the help of Professor Thomas Rohrlack, and

was only identified to genus.
Treatment and analysis of data

All the data was collected in Excel and sorted (see Appendix 2, 4, 5 for further details). Some
of the simpler figures were created with Excel (version 16.77.1), meanwhile the more
advanced isopleth plots were made in R-Studio (version 2023.09.1+494) with the ggplot
package. R-studio was utilized for the Principal Component Analysis (PCA) using the
factoextra and ggplot2 packages.

Some of the PCA analyses included data from an aqua monitor operated by the Norwegian
Institute for Water Research (NIVA). This monitor is placed at the outlet of Lake Arungen
and measures among other variables phycocyanin. Phycocyanin is a pigment found in many
types of cyanobacteria. In addition to the extra data from NIVA, meteorological data was

collected from the field station BIOKLIM at NMBU (Appendix 7, Table AS).

Chlorophyll a, fucoxanthin and total phosphorus contained values with large differences and
did not fit contour plots. To enhance the readability of the contour plots, a square root
transformation was applied to the parameters. This transformation was necessary to ensure
that the range of values across the parameter was more evenly distributed and allowed for a

clearer representation of the relationship between variables in the contour plots.



Artificial intelligence

ChatGPT is an artificial intelligence model developed by OpenAl. It is designed to behave
conversationally and can complete a wide variety of tasks. This thesis used ChatGPT for
coding. Examples include asking for simple code to enhance the design of figures, or to
explain errors given by R-studio. It was also used to detect writing errors and enhance

writing. All help from ChatGPT was thoroughly inspected to avoid errors.

Grammarly is another artificial intelligence tool developed by Grammarly, with the main
objective of working as a writing partner. This tool points out errors in real-time and suggests
improvements to sentence structure. While using Grammarly, all enhancements of the text

were carefully considered to avoid losing the essence of the sentences.
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Results

Weather

Figure 2 shows how the air temperature changed monthly in As in 2023 compared to normal
values for 1991-2020. May, June and September experienced warmer temperatures, and June
had the largest difference from the normal with 3.2°C. Meanwhile July, August and October

were colder than normal.

Average monthly air temperature (°C) in
As

200
© 17,7
< 150 ’ 16,8
]
E 145 15,5 15,5 15,7 142
«
£ 100 11,1 107 11,5
3
o 50
= 53 6,1
0,0
May June July August September October

2023 Normal temp. 1991-2020

Figure 2: Average monthly temperature (°C) in As from May to October in 2023. The yellow bars show the
temperature for 2023, while the grey bars show the normal temperature for 1991-2020 (NMBU).

Comparisons between precipitation values in As from 2023 and the normal values for 1991-
2020 are shown in Figure 3. There is a notable difference for each month, except for
September which was close to the normal. The season started quite dry with May registering
only a fourth of the normal precipitation, and June less than half of the normal. This changed
in July which recorded 58 ml more precipitation, and 77 ml more in August. October was

another dry month with only a fourth of the normal precipitation.
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Average monthly precipitation (mm) in
As
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Figure 3: Average monthly precipitation (mm) in As from May to October in 2023. The blue bars show the
precipitation for 2023, while the grey bars show the normal precipitation for 1991-2020 (NMBU).

Water temperature and oxygen

From the first sampling date on May 24, the lake was beginning to become thermally
stratified (Figure 4). Thermocline is the layer between the hypolimnion and epilimnion,
where the temperature drastically changes (Klaveness, 2018). The thermocline started at three
to four meters and moved to between six and eight meters later in the season. Water
temperature in As was the highest in the middle of June with values up to 22°C. The largest
difference in temperature between hypolimnion and epilimnion occurred June 21 with a 14°C
difference through the water column. October 13 had the smallest difference with the highest
temperature at 11.7°C and the lowest 9.8°C. At this point, the lake was almost back to full

circulation. October was also the month with the lowest temperature in the epilimnion.
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Water temperature at different depths in Lake Arungen, May to October 2023
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Figure 4: Time-depth profile of water temperature (°C) in Lake Arungen from May 24 to October 13, 2023.

The measurement from May 24 showed that oxygen was present throughout the whole water
column (Figure 5). This was the case until the measurement on July 5. From this date and
until the last sampling in October, oxygen was below the detection limit and the bottom of
the hypolimnion was presumably anoxic. From July 19 and until September the bottom seven
metres of the lake was anoxic. From September this area decreased, until October 13 when
only the deepest sampling point was anoxic. In October most of the water column had the

same oxygen concentration.

Oxygen concentration at different depths in Lake Arungen, May to October 2023
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Figure 5: Time-depth profile of oxygen concentration (mg/l) in Lake Arungen from May 24 to October 13, 2023.



Figures 5 and 6 both display changes in oxygen, however the latter shows changes in oxygen
saturation. Almost identical peaks and lows were recorded for the two oxygen variables.
Figure 6 shows two periods with oxygen saturation above 100% on the surface and down to

three meters depth, between May 24 and June 21, and between August 1 and September 6.

Oxygen saturation at different depths in Lake Arungen, May to October 2023
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Figure 6: Time-depth profile of oxygen saturation (%) in Lake Arungen from May 24 to October 13, 2023.

Light

Secchi- and euphotic depth depend on each other, as the euphotic depth was calculated from
the Secchi depth. Therefore, both had the same peaks and lows. Figure 7 shows that the
season began with a Secchi depth only reaching 90 cm on May 24 and continued onto the
second sampling date on June 7. The Secchi depth peaked on June 21 at 160 cm, followed by
a period of clearer water. This stopped on September 6, before the shallowest Secchi depth

was recorded on September 20 with only 80 cm.
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Secchi- and euphotic depth in Lake Arungen
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Figure 7: Secchi- (yellow bars) and euphotic (red bars) depth (cm) in Lake Arungen measured at each sampling
date in 2023.

pH

Figure 8 shows the changes in pH from May 24 to October 13. The pH reached a maximum
of 9.4 at one meter on June 7. The pH was highest at the top of the lake, never going below
pH 7.4. The bottom of the lake had a lower pH, ranging between 6.6 and 7.0 through the

sampling season.

pH at different depths in Lake Arungen, May to October 2023
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Figure 8: Time-depth profile of pH in Lake Arungen from May 24 to October 13, 2023.
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Total phosphorus and phosphate

Total phosphorus varied through the summer, with the highest amount of 130 pg/l at 0.5
meters on May 26 (Figure 9). The second highest measurement was at the same date at three
meters with 91 pg/l. Total phosphorus never went below 10 pg/l throughout the season. Two
other peaks were registered: one at 75 pg/l at eight meters on July 19, and the last one

between 11-12 meters depth at the end of September with a value of 68-69 ug/l.

Total phosphorus at different depths in Lake Arungen, May to October 2023
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Figure 9: Time-depth profile of total phosphorus (ug/l) in Lake Arungen from May 24 to October 13, 2023.

Phosphate levels remained consistently low throughout the entire season, punctuated by
occasional peaks shown in Figure 10. A total of four peaks were recorded: one at a depth of 1
meter on May 24, another at 11 meters on August 16, a third between 0.5-1 meter on
September 20, and the final one occurring from September 29 to October 13, beginning at a

depth of 12 meters and continuing at 11 meters.
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Phosphate at different depths in Lake Arungen, May to October 2023
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Figure 10: Time-depth profile of phosphate (ug/l) in Lake Arungen from May 24 to October 13, 2023.

Total nitrogen, nitrate and ammonium

Total nitrogen peaked on May 24 at three meters depth with values of 4400 ug/l (Figure 11).
Nitrogen values then decreased during the summer, decreasing mostly in the top five metres
during July and August. In September it shifted, and the concentration of total nitrogen in the
upper parts of the water column increased, while the concentration at the bottom decreased.

The total nitrogen amount never went below 2070 pg/l.

Total Nitrogen at different depths in Lake Arungen, May to October 2023
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Figure 11: Time-depth profile of total nitrogen (ug/l) in Lake Arungen from May 24 to October 13, 2023.



Figure 12 maps out the changes in nitrate concentration from May to October. Nitrate started
generally well-mixed in the water column, with higher values around eight meters from May
to August. However, in September nitrate decreased rapidly below eight meters. The lowest
value was recorded on October 13 at 12 meters, with values of 699 ng/l. The highest value

was recorded on May 24 at eight meters depth with 3101 pg/l.

Nitrate at different depths in Lake Arungen, May to October 2023
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Figure 12: Time-depth profile of nitrate (ug/l) in Lake Arungen from May 24 to October 13, 2023.

Ammonium peaked on October 13 with 146ug/l at 12 meters depth (Figure 13). The lowest
concentration of ammonium was 7.4 pg/l recorded on August 1 at eight meters. From August

it increased in the 8-12 meters depth until it increased continuously closer to the sediment.
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Figure 13: Time-depth profile of ammonium (ug/l) in Lake Arungen from May 24 to October 13, 2023.
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Pigments

Chlorophyll a peaked on May 23 at three meters with 114 pg/l1 (Figure 14). There was no
chlorophyll a at 12 meters throughout the season, except on October 13. Most of the
chlorophyll a is in the upper parts of the water column, before mixing through the entire

water column in October.

Chlorophyll a at different depths in Lake Arungen, May to October 2023
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Figure 14: Time-depth profile of chlorophyll a (ug/l) from May 24 to October 13, 2023. The values for

chlorophyll a have undergone square root transformation to clarify the relationship between variables.

Fucoxanthin peaked at three meters on May 24 with values of 37 pg/l (Figure 15). The
pigment was found throughout the season. From mid-August fucoxanthin was found at
almost all depths, reaching deeper down into the water column. In October the values

increased and were mixed throughout the entire water column with lower values at 12 meters.
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Fucoxanthin at different depths in Lake Arungen, May to October 2023
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Figure 15: Time-depth profile of fucoxanthin (ug/l) from May 24 to October 13, 2023 .. The values for

Sfucoxanthin have undergone square root transformation to clarify the relationship between variables.

Peridinin was only found in-between July 5 and August 16 (Figure 16). The concentration

peaked at 1.28 pg/l at three meters on August 1.

Peridinin at different depths in Lake Arungen, May to October 2023
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Figure 16: Time-depth profile of peridinin (ug/l) in Lake Arungen from May 24 to October 13, 2023.

Alloxanthin peaked at 1.3 pg/l on July 21 at one meter (Figure 17). At the end of July and the
start of August, alloxanthin was mixed through almost the entire water column, with the
highest values in the epilimnion. On September 29 no alloxanthin was discovered at all in the

water column.
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Alloxanthin at different depths in Lake Arungen, May to October 2023
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Figure 17: Time-depth profile of alloxanthin (ug/l) in Lake Arungen from May 24 to October 13, 2023.

Phycocyanin

Phycocyanin is a pigment found in cyanobacteria. The data in Figure 18 is collected from
NIV As monitor in Arungselva and given in Relative Fluorescence Units (RFU). Phycocyanin
had its first and largest peak on August 22. The values had been relatively low before they
suddenly increased on this day. The second peak on September 11 was almost as large as the

first. Smaller peaks followed afterwards, but none at the same scale as the first two peaks.
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Figure 18: Changes in the pigment phycocyanin measured in Relative Fluorescence Units (RFU). Data is
collected from the Norwegian Institute for Water Research (NIVA)’s water monitor in Arungselva. Data is from

June to October 2023.

21



Field observations

In August a visible phytoplankton bloom began to form at the surface of the lake. This is
depicted in the photograph from September 6, which is photographed from land (Figure 19).
A small water sample was brought back, and the phytoplankton was identified with a
microscope. Figure 19 shows the phytoplankton in question, which was identified to belong

to the cyanobacteria genus Anabaena.

Figure 19: Cyanobacteria bloom in Lake Arungen on September 6, 2023 (left), Anabaena gathered from the

bloom and analysed in a microscope (right).

Nitrate and phosphate coupling

Figure 20 shows the dynamics between nitrate and phosphate at 12 meters depth in Lake
Arungen. Phosphate was solely registered on September 29, reaching values of 1.27 pg/l.
Nitrate decreased steadily from the first sampling, with a small increase on September 20,
before it continued to decrease. The phosphate peak came quickly after the small nitrate

increase.
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Nitrate and phosphate at 12m depth in Lake Arungen
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Figure 20: Nitrate and phosphate at 12 meter depth in Lake Arungen from May 24 to October 13. All values are
given in ug/l.

Principal component analysis

Figure 21 shows a PCA correlation circle of the average top five meters for the variables in
Lake Arungen between May and October. All the PCAs except Figure 24 use an average for
the different variables for the top five metres in Lake Arungen. The PCA are composed of
two principal components, the vertical axis dimension 1 (Dim1), and the horizontal axis
dimension 2 (Dim2). Both principal components include a percentage showing how much of
the total variance is explained. Since Dim1 has a higher percentage (41.3%) explaining the
total variance than Dim?2 (25%), differences between the variables along the horizontal axis
weigh more than for the vertical axis. The two principal components explain 66.3% of the
total variance. All the variables are represented as arrows in the correlation circle, with the
length of the arrows representing the contribution of each variable to the principal
component. Longer arrows indicate higher contribution. The correlation between the
variables is shown by their proximity, with the closer the variables are the more correlated
they are. Orthogonal variables are unrelated to each other, while variables pointing in

opposite directions are negatively correlated.

All the PCAs include the variable day, which corresponds to the number of days from the
first sampling (Appendix 6, Table A4). The variables peridinin and fucoxanthin point in
opposite directions and are negatively correlated. Chlorophyll a and fucoxanthin are close to

each other indicating a correlation between the two variables. TP is somewhat correlated with
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chlorophyll a and fucoxanthin. Phosphate has a small contribution to the total variance but is
in the same area as chlorophyll a and fucoxanthin. Temperature is negatively correlated with
fucoxanthin and chlorophyll a. Both TN and NO; point in the same direction and are close,
meaning they are correlated. Alloxanthin and ammonium are negatively correlated, as they

are pointing in opposite directions. pH and absorbance are negatively correlated.
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Figure 21: Correlation circle from a principal component analysis of the average of the variables in the top five

meters depth of Lake Arungen from May to October .

The second correlation circle is from a PCA of the variables in Lake Arungen from June 7 to
October 13 (Figure 22). This PCA also includes another variable differing from Figure 21,
namely RFU. Dim1 and Dim2 account for 69.4% of the total variance in the data. The
correlation circle shows a large cluster of variables compromised of RFU, TP, absorbance,
chlorophyll a, day and fucoxanthin. RFU are almost completely correlated with chlorophyll a.
On the opposite side of Figure 22, alloxanthin, pH, and temperature appear in the same area.

These are negatively correlated with the large cluster. TN and nitrate are not negatively
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correlated with any of the other variables, and are relatively close to each other, indicating

some correlation.

PCA of the average top 5m in Lake Arungen,
June to October 2023
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Figure 22: PCA Correlation circle of variables of the average top five meters from June to October in Lake

Arungen.

This PCA includes variables from the average of the top five meters in Lake Arungen from
June 7 to October 13, but also includes variables from Arungselva in the same period (Figure
23). TN and nitrate for both the lake and river form a cluster, indicating they are correlated.
Like Figure 22, chlorophyll a, TP, RFU, absorbance, day and fucoxanthin are spaced closely
together. Alloxanthin appears to be negatively correlated with chlorophyll a, RFU and
absorbance. pH and TP are negatively correlated, which Secchi and temperature also are with
fucoxanthin. Secchi and temperature are correlated with each other. Peridinin and outlet TP

are somewhat negatively correlated.
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PCA of Lake Arungen and Arungselva,
June to October 2023
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Figure 23: PCA Correlation circle of variables from the average top five meters of Lake Arungen and

Arungselva from June to October.

Figure 24 shows a PCA containing only the nutrients in Lake Arungen and the depth. Unlike
the previous PCAs, this one includes all depths and contains no averages. 46.2% of the total
variance is explained by this PCA. Nitrate and total nitrogen are correlated, and negatively
correlated with the number of days and phosphate. Total phosphorus forms a small cluster
with depth and ammonium, whereas none of them are negatively correlated with any of the

other nutrients.
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PCA of the nutrients in Lake Arungen,
May to October 2023
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Figure 24: PCA Correlation circle of nutrient variables from of Lake Arungen and Arungselva from June to

October.
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Discussion

This discussion provides an overview of the general conditions in Lake Arungen in 2023,
regarding temperature, precipitation, oxygen, and light. The next part discusses the nutrient

dynamics for May to October, before answering the main objectives of the thesis.
General conditions in Lake Arungen 2023

The air temperature in Lake Arungen in 2023 was higher than the normal values for 1991-
2020 (Figure 2). High temperatures together with sun radiation promote thermal stratification
(Wetzel, 2001a), which became apparent in the lake in May (Figure 4). Furthermore, high
temperatures often lead to good growth conditions. The precipitation values were abnormal
compared to the normal (1991-2020), starting extremely dry and ending with several heavy
precipitation events (Figure 3). In fact, the BIOKLIM station in As recorded 40 mm of
precipitation on August 7 (Appendix 7, Table AS). Two further events of heavy precipitation
events occurred on August 20 and 26 with 32 mm and 46 mm, respectively. Heavy rainfall
events may lead to runoff rich in nutrients, especially in agricultural areas (Bronmark &

Hansson, 2017a).

Lake Arungen was thermally stratified from May, and in July oxygen was below the
detection limit from six meters depth (Figure 5). It is widely accepted that thermal
stratification in eutrophic lakes is connected to anoxic conditions in the hypolimnion (Wetzel,
2001b). Lakes have two main sources of oxygen: diffusion from air and photosynthesis
(Bronmark & Hansson, 2017a). Phytoplankton can cause an oversaturation of oxygen in the
epilimnion, which was documented in periods for Lake Arungen (Figure 6). The oxygen
produced from photosynthesis in the epilimnion was however not exchanged with the
hypolimnion due to thermal stratification. Processes like the biological oxidation of organic
material by bacteria and microorganisms in the hypolimnion further consume large amounts
of oxygen (Wetzel, 2001b), facilitating the anoxic conditions. In turn, phytoplankton will

avoid the hypolimnion due to the lack of oxygen.

Earlier research by Romarheim (2012) uncovered light limitation for phytoplankton in Lake
Arungen. During the sampling season of 2023, several tests with the Secchi disk uncovered
shallow visibility and turbid waters. Upon examining Figures 4 and 7, the thermocline
extends downward from four meters while the euphotic zone was 276 cm on average. This

indicates that the epilimnion extended beyond the euphotic zone throughout the season,
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leading to situations where phytoplankton located deeper within the epilimnion may have
experienced periods of insufficient light. Another finding was an observed cyanobacteria
bloom in August and early September (Figure 19). Cyanobacteria may float to the surface and
form blooms in search of better light conditions (Romarheim et al., 2012) and to perform
photosynthesis. Surface blooms of cyanobacteria can lead to a decrease in the euphotic zone
by diminishing water transparency (Sukenik et al., 2015). This explains why the observed

bloom coincides with the lowest recorded euphotic depth in Lake Arungen (Figure 7).
Nutrient dynamics in Lake Arungen 2023

A principal component analysis of the results shows that total phosphorus was not correlated
with any other nutrients. However, there was a correlation with depth (Figure 24). There are
two possible main explanations as to why total phosphorus increases with depth. The first
explanation is that phosphorus is often bound to particles or trapped inside phytoplankton.
When these particles and phytoplankton sink to the bottom, they are included in the water
samples as total phosphorus. As mentioned earlier, heavy rainfall events can transport
particles into the lake (Bronmark & Hansson, 2017a). Considering the increase of
phytoplankton (Figure 14) and the heavy rainfall events in August (Figure 3), this seems as a

likely explanation as to why the amount of phosphorus increases with depth in this period.

The second explanation is internal loading of phosphorus. According to Bronmark &
Hansson (2017a), internal loading of phosphorus is induced by anoxic conditions. They
explain that lack of oxygen in the hypolimnion causes a low redox potential close to the
sediment and affects complexes in the lake. Iron often forms complexes with phosphate, and
a low redox potential can reduce iron and separate the complexes. Phosphate is then released
from the sediment and becomes available for phytoplankton when whole-lake circulation
returns (Bronmark & Hansson, 2017a). However, the internal loading can be delayed by

nitrate promoting oxidative conditions in the lake (Ma et al., 2021).

Pia Frostad (2018) investigated the coupling between phosphate and nitrate in Lake Arungen
and found clear evidence of internal loading in 2009, 2013, and 2017. However, in this study,
phosphate was only recorded at a depth of 12 meters on September 29 (Figure 10).

Phosphate was under the detection limit for most of the sampling season, except for a few
small peaks in the epilimnion and at a depth of 11 meters. When comparing this study’s

findings on phosphate close to the sediment with Frostad’s findings in 2017, the phosphate
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values are 39 times lower in 2023. The maximum phosphate in 2009 and 2013 were
respectively 287 g/l and 400 g/l (Frostad, 2018) - a clear contrast to the much lower values
in 2017 and 2023 (Figure 10). These findings support the notion that the total phosphorus was
unlikely greatly affected by internal loading of phosphate in 2023, and question whether
internal loading is of any great concern for the future. It must be pointed out that this study
only sampled down to 12 meters, while Frostad’s studies sampled down to 13 meters.
Because of this potential limitation, comparisons between the years might give a wrongful

impression of the change in internal loading in Lake Arungen.

Total nitrogen and nitrate clustered together in the PCA (Figure 24) and were negatively
correlated with the number of days passing. A large fraction of total nitrogen is nitrate,
explaining the nutrients’ shared pattern. As shown in Figures 11 and 12, both shared a large
decrease close to the sediment in September. This decrease was likely the result of bacterial
denitrification. In anoxic conditions, bacteria can use nitrate as an electron acceptor and
produce dinitrogen gas (Burgin & Hamilton, 2007). Dinitrogen gas is available to some
nitrogen-fixating cyanobacteria (Paerl et al., 2001) but is often considered a permanent
elimination of nitrogen from the lake (Burgin & Hamilton, 2007). As explained in the method
section, the total nitrogen analysis did not account for dinitrogen. Denitrification therefore
provides a good explanation as to why total nitrogen and nitrate concentrations had a large

decrease close to the sediment.

In contrast to nitrate, ammonium did not share a pattern with total nitrogen (Figure 13).
Instead, ammonium increased greatly in the anoxic conditions close to the sediment from
August. Bacterial decomposition of organic material in anoxic conditions can release
ammonium (Bronmark & Hansson, 2017a). An increase in ammonium leads to the
implication of more available nitrogen for phytoplankton. Though ammonium appeared in
considerably lower amounts than nitrate and total nitrogen, it is still of concern. Ammonium
is in a reduced form, and therefore more easily assimilated by phytoplankton (Bronmark &
Hansson, 2017a). This can become a problem when the whole-lake circulation resumes and
spreads ammonium throughout the water column. In addition, the ammonium may be
transported to the outlet and travel to Bunnefjorden. This connection between increased

ammonium and transport to the outlet should be investigated in further research.

By comparing the results from this study with previous findings by Frostad (2018), a clear

decrease in both nitrogen and phosphorus is apparent. Total nitrogen values have on average
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decreased by 1300 pg/1 for the whole sampling season since 2017. Because nitrogen in the
lake correlates with nitrogen in the outlet (Figure 23), one can assume that a continued
decrease of nitrogen in the lake will lead to lower concentrations in the outlet. Several
management strategies have been implemented around Lake Arungen (Vann-nett), which
may explain the reduction of nitrogen and phosphorus in the lake. It is important to note that
2023 was affected by extreme weather events, and the reduction may be caused by other
factors than management efforts. However, a reduction in nutrients may have unintended
consequences. Earlier research has discussed the possibility of nitrate as a management
strategy to delay internal loading of phosphorus (Sgndergaard et al., 2000). Figure 20 shows
that phosphate increased when nitrate decreased, indicating a coupling between the two. This
raises the question as to how phosphate concentrations in the lake will be affected if nitrate is
further reduced. However, Sgndergaard et al. (2000) found that even low nitrate
concentrations delay the accumulation of phosphate. This should be further investigated to

ensure optimal nutrient levels in both Lake Arungen and the outlet.
Phytoplankton succession in Lake Arungen 2023

The first objective of this study is:

Is there any discernible succession among phytoplankton groups in Lake Arungen?

The results demonstrated a pattern of succession between the different groups of
phytoplankton investigated. Diatoms dominated first, quickly followed by cryptomonads,
then dinoflagellates before cyanobacteria had a bloom, ending with diatoms resuming
domination. These results tie well with a report from 2022 by PURA, where diatoms and
cyanobacteria follow a similar pattern (Stabell et al., 2022). Earlier research in Lake Arungen
highlighted cyanobacteria dominance (Romarheim & Riise, 2009), however the results from
2022 and 2023 show that cyanobacteria only dominated in August. It is not uncommon for
phytoplankton composition to change over time, which has been documented in other lakes
(Laugaste et al., 1996). When comparing this study’s results to those of older studies
(Romarheim & Riise, 2009; Stabell et al., 2022), it must be pointed out that sampling has
been executed with different methods and at possibly different locations in the lake. Even so,
this study shows the succession of phytoplankton groups in a year marked by changing

weather and extreme weather events.
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The pigments chlorophyll a, fucoxanthin, peridinin, and alloxanthin were investigated at
every depth in Lake Arungen. Chlorophyll a is found in all photosynthesizing phytoplankton
and indicates which periods had high phytoplankton volume. The other pigments are group-
specific, as fucoxanthin is found in diatoms and dinoflagellates, peridinin in dinoflagellates,
and alloxanthin in cryptomonads. The season began with high values of fucoxanthin, which
are found in diatoms and dinoflagellates. However, the PCA (Figure 21) shows that peridinin
and fucoxanthin are negatively correlated. Since peridinin is found solely in dinoflagellates,
and peridinin is not correlated with fucoxanthin, one can assume that fucoxanthin only or
mostly represents diatoms. This means that diatoms were the major phytoplankton group in

Lake Arungen in May.

After diatoms dominated in May, cryptomonads peaked in the middle of June. Cryptomonads
were found throughout the whole season, except for a small period at the end of September
(Figure 17). They did not dominate the lake for long, as they were quickly followed by
dinoflagellates at the beginning of August. The rapid growth of dinoflagellates quickly after
and during the peak of cryptomonads, may be explained by dinoflagellates’ predation habits.
Dinoflagellates can be mixotrophic, feeding on prey and utilising photosynthesis (Carty,
2014). Cryptomonads are small in size and can be categorized as highly edible (Bronmark &
Hansson, 2017b). Therefore, one can assume that an abundance of cryptomonads worked as a
large nutrient source for dinoflagellates. Dinoflagellates also prey on diatoms (Carty, 2014),
which were present during the cryptomonads peak and throughout the summer. In contrast to
diatoms and cryptomonads, dinoflagellates did not persist for long. They were only recorded
between July and September (Figure 16) before the Secchi depth decreased and the

cyanobacteria bloomed.

Cyanobacteria made a grand appearance in August with a visible surface bloom (Figure 19).
Figure 18 shows how the pigment phycocyanin, a pigment found in cyanobacteria, increased
from August to September. The bloom persevered into September, which is the same time as
dinoflagellates vanished for the rest of the sampling period. Cyanobacteria can worsen light
conditions (Sukenik et al., 2015) and may have hindered dinoflagellates from prevailing.
Because of differences in sampling, it is challenging to ascertain if cyanobacteria dominated
the lake. All pigments were measured at identical depths in the lake with the same procedure,
except for phycocyanin which was measured at the outlet with NIVA’s water monitor. Only

the surface water in Lake Arungen flows out of the outlet, which can lead to aggregations of
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surface-fleeting cyanobacteria. In addition, the outlet is blocked by a dam and only allows
water outflow at a certain height. Dry periods like May and June may have had less water
outflow, potentially resulting in less phycocyanin recorded by the monitor. Even so, the
monitor together with the observed cyanobacteria bloom can give us an impression of when

there were more cyanobacteria.

Diatoms increased after the cyanobacteria bloom and resumed domination of the lake. The
visible bloom of cyanobacteria and the large amounts of diatoms indicate a strong season for
the two phytoplankton groups. Several factors can explain this dominance. Wind may have
helped diatoms stay afloat in the epilimnion by creating circulation. Diatoms are heavy and
can involuntarily sink to the hypolimnion (Bates & Trainer, 2006). During a period of
increased wind cyanobacteria may mass-produce gas vesicles to stay afloat, resulting in a
visible surface bloom when the wind situation calms down (Romarheim et al., 2012). Another
factor is that Lake Arungen is very nutrient-rich and had a high pH in the upper five metres
almost the entire season. Diatoms thrive in basic water (Bronmark & Hansson, 2017¢) and
waters rich in nutrients (Bates & Trainer, 2006). Nutrient-rich conditions and high pH are
preferred by cyanobacteria (Bronmark & Hansson, 2017c). All these factors result in a season

favouring cyanobacteria and diatoms, which may not be representative of all years.
Dynamics between nutrients and phytoplankton growth in Lake Arungen 2023
This section aims to answer the following objective:

Is there a coupling between phytoplankton growth and nutrient dynamics in the thermally

stratified Lake Arungen?

As shown in Figures 21, 22, and 23, total phosphorus is the only nutrient with a large
contribution and is correlated with chlorophyll a. This suggests that the other nutrients did not
play a major role in affecting general phytoplankton growth dynamics. Total nitrogen values
stayed consistently high from start to finish, including the more available form of nitrogen
nitrate. Nitrogen limitation is dependent on a lack of nitrogen, which was never the case in
Lake Arungen. Other studies have found support for the possibility of co-limitation by
phosphorus and nitrogen in lakes (Elser et al., 2007; Miiller & Mitrovic, 2015), but this is
likely not the case for Lake Arungen due to the current extreme nitrogen values. However,

Lake Arungen may be light-limited (Romarheim, 2012), which could be co-limiting together
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with phosphorus. Either way, the possibility of co-limitation in Lake Arungen should be

investigated in further research.

On the first day of sampling a peculiar peak for chlorophyll a, total phosphorus, and total
nitrogen were recorded (Figures 9, 11 and 14). At three meters depth on May 24, they all
exhibited values much higher than the rest of the season, whereas chlorophyll a was five
times higher than peaks later in the season. It remains unclear why this outlier occurred, and
whether it was naturally occurring or pollution of the samples. One explanation is that high
nutrient concentrations and warm weather allowed for a short-lived imperceptible bloom at a
depth of three meters. Another possibility is that an aggregation of phytoplankton found its
way into the water sample during sampling. This could have led to large outlier values, and
not been representative for the date. Though the values spiked from the normal, the data
cannot be simply termed as an outlier and discarded without clear proof. However, the outlier

will need to be handled with some caution to avoid misinterpretations.

Figure 21 showed that total phosphorus correlated mildly with chlorophyll a, and diatoms,
while it was negatively correlated with dinoflagellates. In the two PCAs excluding May
(Figures 22 and 23), total phosphorus is negatively correlated with cryptomonads. Schindler
(1974) showed the effect of phosphorus pollution on a nutrient-poor lake, and solidified
phosphorus as the major limiting nutrient in lakes. Therefore, one would assume that more
phosphorus ought to increase the growth of all phytoplankton groups. Even though
cryptomonads and dinoflagellates are negatively correlated with total phosphorus, this does
not necessarily mean that these two groups are not phosphorus-limited. As discussed earlier,
a part of total phosphorus includes unavailable phosphorus contained within particles or
phytoplankton. In periods characterized by increased total phosphorus and chlorophyll a, it
may indicate more phytoplankton and more competition for the remaining available
phosphorus. A negative correlation with total phosphorus reveals then which groups are
outcompeted by more opportunistic groups capable of utilizing nutrients more efficiently. In
conclusion, cryptomonads and dinoflagellates were likely driven away by cyanobacteria and

diatoms.

Like total phosphorus, phosphate showed a negative correlation with both dinoflagellates and
cryptomonads (Figure 21). However, these results may not be representative. One concern
about the findings of phosphate was that the values were quite low and only recorded on four

occasions. Most of the PCAs in this study are focused on the average for the top five meters,
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resulting in the exclusion of the two phosphate peaks under five meters. Since RFU was not
recorded in May, two of the PCAs exclude May to include data on cyanobacteria. This means
that in Figures 22 and 23, only one phosphate peak was included in the PCAs. Phosphate had
a weak contribution in every PCA, even when including all depths (Figure 24). It could be
argued that principal component analysis was not the optimal tool for investigating the
dynamics between phosphate and phytoplankton, or phosphate did not play a large role this
season. However, when inspecting the time-depth profiles of the pigments (Figure 14, 15, 16,
17), phosphate was found during the peak of chlorophyll a and diatoms in May. Later
phosphate was also found before the increase of chlorophyll a and diatoms at the end of
September. Therefore, phosphate should not be completely discarded due to the weak

contribution in the PCAs.

Total nitrogen and nitrate did not have any correlation to any of the pigments in the PCAs
(Figures 21, 22, 23). The lack of correlation could be explained by the high concentration of
nutrients in the lake. Total nitrogen never went below 2070 mg/1 and nitrate’s lowest value
was 700 mg/l. The amount of available nitrogen stays high throughout the whole growth
season. In a guide from Norwegian Environmental Agency, total nitrogen of 2070 mg/1
equals severely bad water quality for all lake types in Norway (Direktoratsgruppen
vanndirektivet, 2018). Likely, the phytoplankton in Lake Arungen is not limited by nitrogen

due to these extreme values.

As mentioned before, the nitrogen-fixating cyanobacteria Anabaena instigated a surface
bloom in Lake Arungen during the sampling in 2023 (Figure 19). Nitrogen-fixating
cyanobacteria have earlier been recorded in Lake Arungen by Romarheim (2012). Another
study (Schindler et al., 2008) researched the composition of phytoplankton in a lake exposed
to different types of nutrient pollution. The study found that nitrogen-fixating cyanobacteria
will appear in lakes where nitrogen exposure is removed (Schindler et al., 2008). Several
management strategies have been implemented to reduce the nutrient pollution in Lake
Arungen, and there has likely been a reduction in nitrogen over the decades. This reduction
may have triggered a change in cyanobacteria composition, leading to the prevalence of
nitrogen-fixating cyanobacteria. How nitrogen fixation affects the nitrogen budget in Lake
Arungen is poorly understood. Therefore, the effect of nitrogen-fixating cyanobacteria should

be further investigated in Lake Arungen to ensure a continuous reduction of nitrogen.
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At the end of the season, an increase in chlorophyll a, diatoms and cryptomonads occurred
(Figures 14, 15, 17). As shown in Figures 9 and 13, both ammonium and total phosphorus
increased simultaneously. The release of ammonium close to the sediment contributed to a
much higher concentration of the nutrient. A weak internal loading of phosphate happened at
the same time (Figure 10). Whole-lake circulation was beginning to take place at the last
sampling date, with little difference in temperatures between epilimnion and hypolimnion. It
can be assumed that when the whole-lake circulation resumed, ammonium and phosphate
were transported upwards and distributed through the lake. This could have provided the
different phytoplankton groups with more available nutrients and allowed for an increase in

growth.
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Conclusion

This thesis aimed to investigate the phytoplankton community and the connections between
phytoplankton growth and nutrient dynamics in the eutrophic Lake Arungen. By assessing
these dynamics, this thesis provides a unique insight into the changing phytoplankton

community in the lake.

The main findings in this thesis can be summarized as such:

e Diatom domination. Cyanobacteria are often assumed to be the dominating
phytoplankton in eutrophic lakes due to visible blooms. However, this study
establishes that diatoms dominated in Lake Arungen throughout most of the season in
2023.

e Succession between phytoplankton groups. Diatoms dominated the start of the season
before cryptomonads had a peak. Afterwards, dinoflagellates made an appearance but
were quickly replaced by cyanobacteria. At the end of the season, diatoms increased
again.

e Total phosphorus coupled with chlorophyll a. Chlorophyll a works as an indicator of
total phytoplankton volume and was correlated with total phosphorus through the
whole season.

e [Internal loading of phosphate was weak. Earlier years have shown a clear case of
internal phosphate loading, but in 2023 very low values were recorded.

o Lake Arungen still supplies Arungselva with high values of total nitrogen and nitrate.
Although total nitrogen and nitrate values have gone down since 2017, the lake is still
a large supplier of nitrogen to Arungselva. Internal loading of ammonium might also

strengthen this supply and call for the need for action.

These results challenge the understanding of phytoplankton communities in eutrophic lakes
and highlight the need for more understanding of diatoms in eutrophic lakes. Although Lake
Arungen experienced a season with diatom domination, the external factors differed greatly
from earlier years. The comparison to the normal weather period for 1991-2020 shows that
the year 2023 was unique and may have affected the common pattern of phytoplankton

succession in the lake.
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Further research should include cyanobacteria pigments in the analysis to ensure a clearer
picture of the phytoplankton succession. In addition, sampling down to a depth of 13 meters
should also be considered. This will allow for a better comparison with earlier years and give
a truer presentation of the internal loading of phosphorus in Lake Arungen. Since diatoms
dominated throughout the season, other nutrients like silica should also be investigated. The
phytoplankton composition should be investigated in a year more like the normal period, as
2023 experienced uncommon temperatures and precipitation. Yet one should also question
what the new normal will be for lakes in a changing climate, and whether the conditions

observed this season will significantly differ from those in future seasons.

38



Sources

Bates, S. S. & Trainer, V. L. (2006). The Ecology of Harmful Diatoms. In Granéli, E. &
Turner, J. T. (eds) Ecology of Harmful Algae, pp. 81-93. Berlin, Heidelberg: Springer
Berlin Heidelberg.

Borch, H., Yri, A., Lgvstad, @. & Turtumgygard, S. (2007). Tiltaksplan for firungen,
2110217. NIBIO: Bioforsk.

Bronmark, C. & Hansson, L.-A. (2017a). The Abiotic Frame and Adaptations to Cope with
Abiotic Constraints. In The Biology of Lakes and Ponds, pp. 7-68: Oxford University
Press.

Bronmark, C. & Hansson, L.-A. (2017b). Biotics: Competition, Herbivory, Predation,
Parasitism and Symbiosis. In The Biology of Lakes and Ponds, pp. 114-179: Oxford
University Press.

Bronmark, C. & Hansson, L.-A. (2017c). The Organisms: The Actors Within the Abiotic
Frame. In The Biology of Lakes and Ponds, pp. 69-113: Oxford University Press.

Burgin, A.J. & Hamilton, S. K. (2007). Have we overemphasized the role of denitrification
in aquatic ecosystems? A review of nitrate removal pathways. Frontiers in Ecology
and the Environment, 5 (2): 89-96. doi: https://doi.org/10.1890/1540-
9295(2007)5[89:HWOTRO]2.0.CO:2.

Carty, S. (2014). Freshwater Dinoflagellates of North America: Cornell University Press.

Direktoratsgruppen vanndirektivet. (2018). Veileder 02:2018 Klassifisering av miljptilstand i
vann www.vannportalen.no: Norwegian Environmental Agency

Elser,J.J., Bracken, M. E. S., Cleland, E. E., Gruner, D. S., Harpole, W. S., Hillebrand, H.,
Ngai,J. T., Seabloom, E. W., Shurin, J. B. & Smith, J. E. (2007). Global analysis of

nitrogen and phosphorus limitation of primary producers in freshwater, marine and
terrestrial ecosystems. Ecology Letters, 10 (12): 1135-1142. doi:
https://doi.org/10.1111/5.1461-0248.2007.01113 x.

Frostad, P. (2018). Coupling between nitrate input and phosphorus retention in lake
sediments — A case study from Lake Arungen. Master: Norwegian University of Life
Sciences (NMBU).

Granéli, E. & Turner, J. (2006). Ecology of Harmful Algae, vol. 189.

Hagman, C. H. C., Rohrlack, T., Uhlig, S. & Hostyeva, V. (2019). Heteroxanthin as a
pigment biomarker for Gonyostomum semen (Raphidophyceae). PLOS ONE, 14 (12):
€0226650. doi: 10.1371/journal .pone.0226650.

39


https://doi.org/10.1890/1540-9295(2007)5%5B89:HWOTRO%5D2.0.CO;2
https://doi.org/10.1890/1540-9295(2007)5%5B89:HWOTRO%5D2.0.CO;2
www.vannportalen.no
https://doi.org/10.1111/j.1461-0248.2007.01113.x

Hisdal, H., Lawrence, D., Mayer, S., Nesje, A., Nilsen, J. E. @., Sandven, S., Sandg, A. B.,
Sorteberg, A., Adlandsvik, B., Hanssen-Bauer, I., et al. (2017). Climate in Norway
2100 - a knowledge base for climate adaptation, 1/2017: The Norwegian Centre for
Climate Services (NCCS),.

Ho, J. C., Michalak, A. M. & Pahlevan, N. (2019). Widespread global increase in intense lake
phytoplankton blooms since the 1980s. Nature, 574 (7780): 667-670. doi:
10.1038/541586-019-1648-7.

Jenny, J.-P., Francus, P., Normandeau, A., Lapointe, F., Perga, M.-E., Ojala, A.,
Schimmelmann, A. & Zolitschka, B. (2016). Global spread of hypoxia in freshwater
ecosystems during the last three centuries is caused by rising local human pressure.

Global Change Biology, 22 (4): 1481-1489. doi: https://doi.org/10.1111/gcb.13193.

Jensen, H. S. & Andersen, F. O. (1992). Importance of temperature, nitrate, and pH for
phosphate release from aerobic sediments of four shallow, eutrophic lakes. Limnology

and Oceanography, 37 (3): 577-589. doi: https://doi.org/10.4319/10.1992.37.3.0577.

Klaveness, D. (2018). Termoklin. Hongve, D. (ed.). Store norske leksikon snl.no.

Laugaste, R., Jastremskij, V. V. & Ott, . (1996). Phytoplankton of Lake Peipsi-Pihkva:
species composition, biomass and seasonal dynamics. Hydrobiologia, 338 (1): 49-62.
doi: 10.1007/BF00031710.

Ma, S.-N., Wang, H.-J., Wang, H.-Z., Zhang, M., Li, Y ., Bian, S.-J., Liang, X.-M.,
Sendergaard, M. & Jeppesen, E. (2021). Effects of nitrate on phosphorus release from
lake sediments. Water Research, 194: 116894. doi:
https://doi.org/10.1016/j.watres.2021.116894.

Mamen, J. (2021). Koppens klimaklassifikasjon. Store norske leksikon. snl.no.

Miiller, S. & Mitrovic, S. M. (2015). Phytoplankton co-limitation by nitrogen and phosphorus
in a shallow reservoir: progressing from the phosphorus limitation paradigm.
Hydrobiologia, 744 (1): 255-269. doi: 10.1007/s10750-014-2082-3.

Norwegian Institute for Water Research. AquaMonitor ~ NIV As vannovervakningssystem. In
NIVA.NIVA online database. Available at:

https://aquamonitor.niva.no/aarungselva/Default.aspx (accessed: 21.10.2023).

Norwegian University of Life Sciences. Feltstasjon for bioklimatiske studier - BIOKLIM. In

Norwegian University of Life Sciences, . Available at:

https://www .nmbu.no/forskning/grupper/meteorologiske-data (accessed: 14.11.2023).

40


https://doi.org/10.1111/gcb.13193
https://doi.org/10.4319/lo.1992.37.3.0577
https://doi.org/10.1016/j.watres.2021.116894
https://aquamonitor.niva.no/aarungselva/Default.aspx
https://www.nmbu.no/forskning/grupper/meteorologiske-data

Paerl, H. W., Fulton, R. S., Moisander, P. H. & Dyble, J. (2001). Harmful Freshwater Algal
Blooms, With an Emphasis on Cyanobacteria. The Scientific World Journal,, 1:
139109. doi: 10.1100/tsw.2001.16.

Riise, G., Krogstad, T. & Rohrlack, T. (2013). Arungens trofiutvikling og eksponering for
miljpgifter - Endringer med tiden studert ved sedimentanalyser, IPM-Rapport nr. 2:
As-UMB: Institutt for plante- og miljgvitenskap.

Romarheim, A. T. & Riise, G. (2009, 11.05.2009). Development of cyanobacteria in
Arungen. Fagtreff Norsk Vannforening.

Romarheim, A. T. (2012). Disentangling the effect of physical and chemical factors on
phytoplankton dynamics in a highly eutrophic and turbid lake. Ph.D: Norwegian
University of Life Sciences

Romarheim, A. T., Rohrlack, T., Kristiansen, J., Pal Brettum, P. 1., Krogstad, T. & Riise, G.
(2012). FAKTORER SOM PAVIRKER OPPBLOMSTRING AV

CYANOBAKTERIER I ARUNGEN EN RISIKOVURDERING, 2/2012. Pura.no: Institutt for
plante- og miljgvitenskap.

Schindler, D. W. (1974). Eutrophication and Recovery in Experimental Lakes: Implications
for Lake Management. Science, 184 (4139): 897-899.

Schindler, D. W., Hecky, R. E., Findlay, D. L., Stainton, M. P., Parker, B. R., Paterson, M. J.,
Beaty, K. G., Lyng, M. & Kasian, S. E. (2008). Eutrophication of lakes cannot be
controlled by reducing nitrogen input: results of a 37-year whole-ecosystem
experiment. Proc Natl Acad Sci U S A, 105 (32): 11254-8. doi:
10.1073/pnas.0805108105.

Solheim, A. L., Haande, S., Dillinger, B., Persson, J., Skjelbred, B. & Mjelde, M. (2022).
Eutrofiering av norske innsjger. Tilstand og trender: Norsk institutt for vannforskning
(NIVA).

Sendergaard, M., Jeppesen, E. & Jensen, J. P. (2000). Hypolimnetic Nitrate Treatment to
Reduce Internal Phosphorus Loading in a Stratified Lake. Lake and Reservoir
Management, 16 (3): 195-204. doi: 10.1080/07438140009353963.

Stabell, T., Nielsen, L., Greipsland, I., Vingerhagen, R., Simonsen, L. & Pengerud, A. (2022).
Arsrapport 2022 PURA: Vannomrddet Bunnefjorden med Arungen- og

Gjersjpvassdraget pura.no.

41



Sterner, R. W. (2008). On the Phosphorus Limitation Paradigm for Lakes. International
Review of Hydrobiology, 93 (4-5): 433-445. doi:
https://doi.org/10.1002/iroh.200811068.

Sukenik, A., Quesada, A. & Salmaso, N. (2015). Global expansion of toxic and non-toxic

cyanobacteria: effect on ecosystem functioning. Biodiversity and Conservation, 24
(4): 889-908. doi: 10.1007/s10531-015-0905-9.

The Norwegian Water Resources and Energy Directorate & Statens Kartverk. Nedbgrfelt og
vannfgringsindeksanalyse (NEVINA).

Vann-nett. Arungen. vann-nett.no: Norwegian Environment Agency. Available at:
https://vann-nett.no/portal/#/waterbody/005-296-L (accessed: 23.04.2024).

Wetzel, R. G. (2001a). 6 - FATE OF HEAT. In Wetzel, R. G. (ed.) Limnology (Third

Edition), pp. 71-92. San Diego: Academic Press.
Wetzel, R. G. (2001b). 9 - OXYGEN. In Wetzel, R. G. (ed.) Limnology (Third Edition), pp.
151-168. San Diego: Academic Press.

42


https://doi.org/10.1002/iroh.200811068
https://vann-nett.no/portal/#/waterbody/005-296-L

Appendices

Appendix 1 - NEVINA

| Stestac

Glotien
Kopperua |

Gubromrug,
and 4 o

Agnor

o oo
qerd .

Drobak

Storsany

Hagetvet

Erm

Norges Kartbakgrunn: ~ Statens Kartverk
vassdrags- og
energidirektorat Kartdatum: ~ EUREF89 WGS84
Projeksjon: UTM 33N
NVE .
Beregn.punkt: 260279 E
6625853 N

Nedbgrfeltgrenser og feltparametere er automatisk generert og kan inneholde feil.
Resultatene ma kvalitetssikres.

Nedbgrfeltparametere
Vassdragsnr.: 005.3B
Kommune.: Frogn

Fylke.: Viken

Vassdrag.: Arungelva
Feltparametere

Areal (A) 49.9 km?
Effektiv sj@ (Asg) 255 %
Elvleengde (E ) 9.3 km
Elvegradient (Eg) 7.9 m/km
Elvegradent og5 (E g 1085) 8.5 m/km
Helning &7 | “
Dreneringstetthet (D) 1.0 km?
Feltlengde (F|) 7.4 km
Feltparametere Tillgp

Effektiv sjg - Tillop (Ase.1) 019 %
Feltlengde - Tillgp (F 1) 6.6 km
Arealklasse

Bre (Agge) 0 %
Dyrket mark (A jorp) 484 %
Myr (Amvr) 01 %
Leire (A gre) 66.0 %
Skog (Askos) 339 %

Sig (Asy0) 31 %
Snaufjell (Agr) 0 %
Urban (Ay) 49 %
Uklassifisert areal (Agest) 95 %

Hypsografisk kurve

Hayde iy 34 m
Hgyde o 59 m
Hoyde 54 69 m
Hgyde 54 79 m
Hoyde 4o 89 m
Hoyde 5o 99 m
Hgyde 5o 106 m
Hgyde ;o 117 m
Hgydegq 124 m
Hgyde gy 135 m
Hayde \jax 163 m
Klima- /hydrologiske parametere
Avrenning 1961-90 (Qy) 15.7 I/s*km?
Sommernedbgr 384 mm
Vinternedbgr 430 mm
Arstemperatur 53 °C
Sommertemperatur 133 °C
Vintertemperatur -04 °C

Rapportdato: 28/09/2023 © nevina.nve.no

Figure Al : Arungen’s catchment parameters calculated with the help of the map service NEVINA

(NVE & Statens Kartverk)
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Sample

Date
1 24.05.2023
2 24.05.2023
24.05.2023
3 24.05.2023
24.05.2023
4 24.05.2023
24.05.2023
24.05.2023
5 24.05.2023
24.05.2023
24.05.2023
6 24.05.2023
7 24.05.2023
9 07.06.2023
10 07.06.2023
07.06.2023
11 07.06.2023
07.06.2023
12 07.06.2023
07.06.2023
07.06.2023
13 07.06.2023
07.06.2023
07.06.2023
14 07.06.2023
15 07.06.2023
17 21.06.2023
18 21.06.2023
21.06.2023
19 21.06.2023
21.06.2023
20 21.06.2023
21.06.2023
21.06.2023
21 21.06.2023
21.06.2023
21.06.2023
22 21.06.2023
23 21.06.2023
25 05.07.2023
26 05.07.2023
05.07.2023
27 05.07.2023
05.07.2023
28 05.07.2023
05.07.2023
05.07.2023
29 05.07.2023
05.07.2023
05.07.2023
30 05.07.2023
05.07.2023
19.07.2023
34 19.07.2023
19.07.2023
35 19.07.2023
19.07.2023
36 19.07.2023
19.07.2023
19.07.2023
37 19.07.2023
19.07.2023
19.07.2023
38 19.07.2023
39 19.07.2023
41 01.08.2023
42 01.08.2023
01.08.2023
43 01.08.2023
01.08.2023
44 01.08.2023

W W
QD=

Appendix 2 — Data and measurements from Lake f&rungen

Table Al: The data presented is collected from in situ measurements and laboratory analysis of water

samples from Lake Arungen 2023.
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Temp (°C) 02 (mg/l)

170
164
160
143
11,7
10,6
9,1
8.6
83
8.1
79
78
74
193
190
18,8
172
158
136
10,7
93
84
8.1
8.0
78
7.7
219
218
216
202
173
143
123
103
93
8.6
83
8.1
79
202
202
202
202
198
152
124
102
9.1
8.7
83
8.1
79
19,1
19.1
19,1
189
18,8
18,6
17.9
1138
9.6
8.8
8.7
8.4
8.2
197
197
196
192
18,6
17.6

9,98
10,10
9,87
9,59
8,56
7.90
7,55
741
7.12
7,02
6.95
6.82
6.57
1142
1131
11,04
10,04
8,88
749
6,16
5,65
535
5,17
502
472
395
10,00
9.80
9,12
6,64
505
4,10
3,74
392
432
3,72
3,26
281
236
8.36
8.80
8,50
8,20
740
0,90
120
1.80
1,60
1,60
0,90
020
0,00
9,10
9,00
9,10
8,70
8,50
7.80
6,60
0,30
0.40
0,00
0,00
0,00
0,00
10,20
10,30
10,00
9,00
7,70
440

02 %

103,80
103,20
100,00
94,10
78,70
71,40
65,20
63,60
60,40
59,30
58,50
57,10
54,40
124,00
121,89
118,40
104 40
89,60
72,00
55,50
49,30
45,70
43,70
42,40
39,70
31,30
114,00
111,70
103,50
73,30
52,60
40,00
35,00
35,00
37,70
31,90
27,70
23,80
19,90
97,60
97,20
94,00
91,00
82,00
9,30
10,60
16,00
13,60
13,70
8,20
2,00
0,00
98,30
97,50
98,00
94,10
91,00
84,00
69,40
2,50
3,20
0,00
0,00
0,00
0,00
112,00
112,00
108,00
97,00
82,00
46,00

pH

881
8,76

821

7,74

7,56

728
7,19
9,30
945
9,15

7.90

7,60

7,00
6,80
8,77
9,04

8,70

733

6,80
6,74
8,68
8,90
8,82

835

7,54

7,19
6,92
8,55
8,70
8,64

8,58

7,13

6,82
6,77
8,84
8,98

8,92

8,36

TP (ugh)
130,12
35,76
91,15

2824

34,39

44,65
47,38
18,67
20,72
1935

22,77

22,77

22,77
31,66
20,72
16,62
16,62

11,83

15,25

18,67
20,03
18,67
1935
20,72

18,67

14,56

17,30
20,03
14,56
13,20

13,88

12,51

17,30
1935
11,83
1593

26,87

18,67

TN (ng/)
365000
3550,00
4400,00

3660,00

3790.00

3870,00
371000
3360,00
333000
3290,00

3450,00

3640,00

3300,00
3600,00
285000
3000,00
3090,00

3350,00

3550,00

322000
317000
270000
272000
273000

2810,00

3280,00

319000
301000
254000
2520,00
252000

2460,00

3080,00

293000
284000
234000
2350,00
239000

2430,00
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NO3-N (ug/l NH-N (ug/l. POs-P (ug/l) Chl. a (ug/l) Peri. (ug/l)

2930,76
290193

291957

302049

3101,17

3092,57
3039.85
262372
257187
262437

272291

3030,38

2659.66
2985.85
234272
235326
2376,50

2657,50

3037,70

2875.68
2804.25
218844
216499
215251

2247,18

2882,35

2707.64
259898
194897
196725
1970,70

1948,75

266331

247418
236746
177231
1753,60

178393

1868,28

64,96
3691

14,76

4429

56,11

28,05
95.97
28,05
25,10
26,58

39,86

26,58

28,05
26,58
3248
3248
4429

48,72

28,05

28,05
3248
39.86
28,05
3248

4134

26,58

28,05
3101
28,05
28,05

38,39

4134

45,77
51,68
4134
33,96

13,29

38,39

0,00
2,87

0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
0,00
0,00

0,00

0,00

3,00
2,67

114,75

0,00

0,09

0.00
0.00
2,77
4,74

549

6,64

0,00

3,19
0.00
2,50
287

1,80

0,00

0.00
0.00
4,55
503

0,00

0.00
0.00
241
2,38

2,05

044

005
0,00
4,13
471

11,71

0,00
0,00

0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
0,26
0,32
0,30

0,00

0,00

0,00
0,00
0,15
0,19
0,18

0,05

0,00

0,00
0,00
0,44
045

1,28

0,09

Fuco. (ug/l) Allox. (ug/) Abs. (nm)

340

095
0.87

37,18

207

0,25

0,19
0,14
1.59
2,34

297

022

191
0.11
0,15
0,19
0,18

0,00

0,00

0.00
0.00
2,08
2,14

2,12

0,00

0.00
0.00
0,57
0,51
0,59

0,61

0,10

0.00
0,00
0383
0,92

1,78

0,75

0,50
0,40

0,00

0,00

0,00

0,00
0,00
021
0,56

0,00

0,25
0,00
1,08
131
091

0,26

0,00

0,00
0,00
045
043
0,46

0,26

0,00

0,00
0,00
0,34
0,44
0,39

0,25

0,23

0,07
0,00
0,40
045

0,52

0,20

0,13
0,13

0,14

0,17

0,18
0,19
0,12
003
0,04

0,04

0,07

0.04
0.06
008
008

0,08

0,13

0,12
0,12
0,12
008
0,08

0,10

0,11

0,12
0,12
008
0,08
0,08

0,08

0,10

0,12
0,12
0,12
0,08

0,08

0,09



Sample

4

O

46
&
49
50

N

5

52

5

Y

54
5
5
5

% 9 O

59

60

6

62
63
65
66

67

68

69

70
71
73
74

75

76

77

7
79
81
82

3

8

@

84

8

3

86
87

Date

01.08.2023
01.08.2023
01.08.2023
01.08.2023
01.08.2023
01.08.2023
01.08.2023
16.08.2023
16.08.2023
16.08.2023
16.08.2023
16.08.2023
16.08.2023
16.08.2023
16.08.2023
16.08.2023
16.08.2023
16.08.2023
16.08.2023
16.08.2023
06.09.2023
06.09.2023
06.09.2023
06.09.2023
06.09.2023
06.09.2023
06.09.2023
06.09.2023
06.09.2023
06.09.2023
06.09.2023
06.09.2023
06.09.2023
20.09.2023
20.09.2023
20.09.2023
20.09.2023
20.09.2023
20.09.2023
20.09.2023
20.09.2023
20.09.2023
20.09.2023
20.09.2023
20.09.2023
20.09.2023
29.09.2023
29.09.2023
29.09.2023
29.09.2023
29.09.2023
29.09.2023
29.09.2023
29.09.2023
29.09.2023
29.09.2023
29.09.2023
29.09.2023
29.09.2023
13.10.2023
13.10.2023
13.10.2023
13.10.2023
13.10.2023
13.10.2023
13.10.2023
13.10.2023
13.10.2023
13.10.2023
13.10.2023
13.10.2023
13.10.2023

Depth (m) Temp (°C) O: (mg/l)

6
7
8
9

10
11
12
05

Uy U N Sl =
D= O 00U AW =N =00 U h W —

j=}
W

Uy Uy U
D= O VoL AW —

(=}
—

O 0 NN AW

Sl =
— o~ o

[SER-RE- AN R NV RN AL ICRY )

o =

164
140
10,5

94

90

8,6

84
194
19,1
18.5
183
179
17,1
16,9
14,7
11,2

95

90

8.8

85
18,2
18,1
180
179
17,5
16,5
16,0
15,1
129
11,7
10,2

94

92
158
15,7
15,7
15,7
15,6
15.5
154
152
14,7
11,7
10,2

94

9,1
14,7
146
146
14,6
14,5
14.5
14,5
145
143
13.8
109

9.8

94
11,7
11,7
116
11,6
11,6
116
116
11,6
11,6
116
115
113

9.8

2,00
020
0,00
0,00
0,00
0,00
0,00
10,20
10,20
9,20
8.60
730
5,00
4,70
120
0,00
0,00
0,00
0,00
0,00
11,50
10,90
10,40
10,30
8,20
5,10
4,10
230
0,00
0,00
0,00
0,00
0,00
8,30
8.30
8.30
8.20
8,20
7,60
730
6,50
320
0,20
0,10
0,00
0,00
7.80
7,70
7,60
7,50
7,50
7.40
730
730
6,50
4,70
0,10
0,00
0,00
8.90
8.80
8,70
8,70
8,70
8.60
8.60
8,60
8,60
8.60
8.50
5,10
0,10

02 %

20,00
2,00
0,00
0,00
0,00
0,00
0,00

110,00
110,00

99,00

92,00

77,00

52,00

48,00

12,00
0,00
0,00
0,00
0,00
0,00

122,00
116,00
110,00
108,00

85,00

53,00

42,00

23,00
0,00
0,00
0,00
0,00
0,00

84,00

83,00

83,00

83,00

82,00

76,00

73,00

65,00

32,00
2,00
1,00
0,00
0,00

76,00

76,00

75,00

74,00

73,00

73,00

72,00

72,00

63,00

45,00
1,00
0,00
0,00

82,00

81,00

80,00

80,00

80,00

79,00

79,00

79,00

79,00

79,00

78,00

47,00
1,00

pH

7.26

691
6,80
8,64
8,60
8,63

794

744

7,13
6,97
8,38
8,56
845

7,71

729

685
691
7,68
7,66
7,65

7,63

739

6,95
691
7,90
7,67

757

747

7,05
6.98
747
744
7.40

737

734

7.28
6,78

TP (g

16,62

18,67
29,61
28,24
30,97
2482

18,67

22,77

2824
3781
30,29
31,66
29,61

26,87

3439

30,29
50,80
30,29
33,03
30,97

30,97

4397

68,58
69,26
30,97
31,66
30,97

30,97

33,03

5422
67,90
28,24
26,19
27,00

26,87

27,56

30,29
57,64

TN (ug/)
2710,00

2950.00
270000
2600,00
2610,00
256000

2600,00

2730,00

2570.00
2520,00
2550,00
2510,00
249000

259000
2590,00

2380.00
2290,00
2580,00
256000
2600,00

2570,00
2890,00

216000
2130,00
279000
2880.00
2820,00

282000
2820,00

2170,00
2070,00
2620.00
2150,00
2570,00

2610.00
2600,00

2610,00
2580,00
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NO3-N (ug/l NHs-N (ug/l) PO4-P (ug/l) Chl. a (ug/l) Peri. (ug/l) Fuco. (ug/l) Allox. (ug/l) Abs. (nm)

220049

232314
195133
182137
175725
1789.53

1884,63

2018.89

1744 34
150400
1618 .47
1606,64
162277

177791

1778,98

878.30
1230,10
179792
1794 91
178824

1800.07

2108.40

964,15
183859
207441
204493
205633

204493

204557

938.55
709,83
1459.89
1793.19
181642

181944

181901

175123
699,50

738

53,15
91,54
4429
31,01
29,53

4134

59,06

9745
122,55
50,20
3248
39,86

59.06

62,01

110,73
131,40
3248
33,96
16,24

3248

45,77

140,26
135,83
4725
66.44
53,15

54,63

57,58

124,02
128,45
42,82
50,20
4134

50,20

50,20

4725
146,17

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

6,16
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
287
6.98
0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
123
0,00
0,00
0,00

0,00

0,00

492
0,00

0,32

0,00
0,00
14,96
18,63
16,26

1,53

0,14

0,00
0,00
22,78
24,39
2357

6,60

0,53

0,00
0,00
13,63
12,25
10,86

10,35

5,08

0,00
0,00
6,36
6,79
7,15

6,28

591

6,46
0,00
25,65
22,90

22,80

25,04

2697
592

0,00

0,00
0,00
0,61
0,89
0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00

0,23

0,06
0,00
2,36
244
0,00

0,79

0,16

0,00
0,00
4,58
5,69
5,80

2,79

0,52

0,16
0,13
3,53
327
3,02

3,05

2,15

0,18
0,07
3,80
3,90
351

3,59

3,10

328
0,15
12,37
12,30
11,90

12,13

11,97

12,14
342

0,15

0,14
0,00
036
0,39
0,19

0,00

0,00

0,00
0,00
0,21
0,28
0,18

0,00

0,00

0,00
0,00
0,22
0,17

0,00

0,00
0,00
0,00
0,00
0,00

0,00

0,00

0,00
0,00
0,28
0,29
0,26

0,19

0,00

0,00
0,00

0,09

0.11
0,13
0,10
0,10

0,10

0,10

0,12
0,11
0,15
0,15
0,15

0,15

0,13
0,16
0,14
0,14
0,14

0,15

0,16

0,18
0,19
0,15
0,16
0,16

0,16

0,16

0,17
0,20
0,15
0,15

0,15

0,15

0,15
0,19



Appendix 3 — Standard curves

Standard curve NH4-N Standard curve NO;-N
800 25
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Figure A2: Standard curves used in the calculation of NH4-N (ug/l) (upper left), NOs-N (ug/l) (upper
right), total phosphorus (TP) (mg/l) (lower left), and PO+P (ug/l) (lower right).
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Sample

Appendix 4 — Data from Arungselva

Table A2: Data collected from laboratory analysis of water samples from Arungselva, and

Phycocyanin data collected from NIVAs water monitor (NIVA).

Dato

8 24.05.23
16 07.06.23
24 21.06.23
32 05.07.23
40 19.07.23
48 01.08.23
56 16.08.23
64 06.09.23
72 20.09.23
80 29.09.23
88 13.10.23

NO;-N (ug/l TN (pg/)

2746
2701
2248
2013
1932
1744
1833
1677
1616
1999
1839

3670
3320
2930
2670
2530
2420
2540
2500
2410
2790
2630

NH4-N(ug/l) TP (ugh)

47

34
41
61
35
37
49
38
43
43
41
47

45
26
27
23
15
15
20
31
29
31
30

PO4-P (ug/l) Phycocyanin (RFU)

0

SN O O OO O o o

03
038
0.9

1
12
2,1
44

10,5
3,1
75



Appendix 5 — Secchi depth and euphotic depth in Lake Arungen

Table A3: Secchi depth and euphotic depth in Lake Arungen.

Date Secchi Depth (cm) Euphotic Depth (cm)
24.05.2023 90 225
07.06.2023 90 225
21.06.2023 160 400
05.07.2023 115 287.5
19.07.2023 142 355
01.08.2023 136 340
16.08.2023 118 295
06.09.2023 85 2125
20.09.2023 80 200
29.09.2023 97 2425

13.10.2023 100 250
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Appendix A6: Dates and days

Table A4: Corresponding sampling date and day number.

Date Day
24.05.2023 0
07.06.2023 14
21.06.2023 28
05.07.2023 42
19.07.2023 56
01.08.2023 69
16.08.2023 85
06.09.2023 105
20.09.2023 119
29.09.2023 128
13.10.2023 142
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Appendix 7 - BIOKLIM data

Table A5: Meteorological data for May to October 2023 from the BIOKLIM station in As (NMBU).

I B u Meteorologiske data for As

N &'J Mai 2023

FAKULTET FOR REALFAG OG TEKNOLOGI

DATO TEMPERATURER (°C) FUKT. | TRYKK VIND(10m)
Hytte Jord(cm) Mid Max  Retn.
Mid Min Max 2 5 10 20 50 100 (%) (hPa) (m/s) (m/s)
01 3.4 0.9 6.3 4,9 5.0 4.8 4.8 4.2 3.8 79 998.6 2,0 41 N
02 6,6 -0,5 11,9 51 5,0 4,7 46 43 3,9 55 1004,2 2,5 55 NV
03 6,7 -1.4 12,1 56 54 5,1 4,8 4,3 4,0 55 1013,3 2,0 5,6 N
04 57 1.1 10,0 6.2 6.0 5.6 5.2 4.4 4,0 42 1018.6 25 41 Ng
05 55 -3,8 1.4 59 57 55 53 4,6 4.1 46 1018,4 1,9 4.6 %)
06 6.4 -11 12,7 6,1 59 56 54 4,7 4,2 47 1016,4 23 5,0 S@
07 73 -1.2 13,6 6.5 6.3 59 55 4.8 4,2 52 1016.2 22 6.9 sV
08 8,6 0,0 14,6 6,8 6,6 6,2 58 4,9 4,3 57 1015,3 29 8,1 S
09 111 52 15,9 7.7 7.4 6,9 6.3 52 4.4 57 1006,8 4.1 8.4 S
10 12,7 56 18,3 8.5 8.2 7.5 6.8 55 4,5 52 1003,1 26 6.4 sV
1" 10,9 6,1 14,1 8,2 8,1 7.7 7.2 59 4,7 64 1007,6 1,4 3,0 NV
12 13,3 4,3 211 9,3 8,8 8,2 7.4 6,1 4,9 66 1012,7 1,8 54 sV
13 14.4 8.5 20,5 10,5 10,0 9.3 8,3 6.5 5,0 61 10131 21 5.6 sv
14 14.3 54 212 10,5 10.1 9.5 8.8 6.9 52 56 1009.1 27 8.2 S
15 14,4 79 20,2 11,2 10,8 10,1 9,2 73 54 64 1001,0 1,9 54 %)
16 12,2 9.3 16,7 1.2 10,9 10,3 9,6 7.6 5.6 71 995,3 29 6,5 NV
17 10.3 51 15,0 10.2 101 9.8 9.5 79 59 38 1002,6 4,6 8.8 NV
18 93 0,0 15,8 9,6 9,6 93 9.1 8,0 6,1 49 1014,3 25 55 sV
19 10,7 6.6 14,4 10,4 10,2 9,7 9.2 7.9 6,2 82 1017,5 3.2 56 S
20 13.8 9.1 19,7 11.9 1.3 10.6 9.7 8.0 6.3 65 1018,0 1.8 43 sV
21 15.0 52 227 11.8 1.5 10.8 10.1 8.3 6.4 51 10137 1.3 3.2 \
22 15,5 6,8 221 12,2 11,8 1,2 10,4 8,6 6,6 63 1008,8 1,9 5,1 sv
23 141 1.4 17.6 12,8 12,4 11.8 10.9 8.9 6.7 79 1002,3 23 4,6 S@
24 14.8 8.5 19.3 12,5 12,2 "7 11.0 9.2 6.9 64 1004.8 3.3 7.7 S
25 12,5 7.6 16,3 11,3 11,3 1.1 10,8 93 71 40 1008,7 4,6 8,0 \
26 12,5 6.9 16,8 1.1 11,0 10,7 10,5 9.3 73 39 1011,8 3.3 5.6 NV
27 10.9 3.6 16.5 10,9 10,9 10.6 10.3 9.3 7.4 66 1009.4 3.6 7.9 S
28 12,3 7.7 171 11,4 11,2 10,8 10,4 9,3 75 49 1004,6 4,2 9,0 NV
29 10,7 3.4 15,3 10,7 10,7 10,4 10,2 9,3 7.6 49 1009,8 22 4,7 NV
30 13.8 6.7 19.4 11.6 1.2 10,7 10.3 9.2 7.6 55 1012,6 29 6.7 S
31 15,8 6,6 21,9 12,5 12,0 11,4 10,7 9,3 7,7 48 1006,5 3,0 5,6 N
Mid. 11,0 4,5 16,3 9,4 9,2 8,7 8,2 7,0 56 57,1 1009,6 2,6 6,0
Min. -3,8
Max. 22,7

Normal temperatur (1931-1960):  10,2°C Normal temperatur (1961-1990):  10,3°C Normal temperatur (1991-2020):  10,7°C

DATO STRALING Jord- Fordamp Nedber Sne-
Global  Diffus Balanse uv Synlig Irad PAR Albedo  varmeflux ning dybde
(MJ/m2) (% av global) (mol/m2) (MJ/m2) (mm) (mm) (cm)
01 7,26 6,56 0,61 6,1 28,5 65,4 19,5 0,25 -0,21 8.4 0,0
02 20,07 6,82 6,63 47 32,7 62,7 474 0.24 0,38 0.0 0,0
03 19.46 9,57 7.1 46 324 62,9 46,3 0.24 0.50 0.1 0.0
04 22,04 9,36 8,70 4,6 33,0 62,4 51,8 0,24 0,53 0,0 0,0
05 25,99 535 9,52 44 328 62,9 60.2 025 0,46 0.0 0,0
06 26,18 525 9.89 44 32,5 63,1 61,0 0.25 0.53 0.0 0.0
07 25,72 5,68 9,43 4,5 32,7 62,9 60,7 0,24 0,51 0,0 0,0
08 24,47 8,10 9,50 4.6 32,8 62,6 59,0 0,24 0,62 0,0 0,0
09 18,39 13,74 6,93 5.0 33,1 61,9 45,6 0.23 0.78 0.0 0.0
10 22,00 12,91 8,26 4,6 32,1 63,3 52,4 0,24 1,01 0,0 0,0
1 5,90 5,67 1,87 6,0 31,4 62,6 15,5 0,23 0,27 0,0 0,0
12 25,20 7.14 10,95 46 34,0 614 60,1 0.24 127 0.0 0,0
13 23,76 9,61 10,67 47 33,8 61,5 57,3 0,23 1,25 0,0 0,0
14 25,67 8,93 10,71 4,5 32,9 62,6 61,2 0,24 0,95 0,0 0,0
15 21,33 13,25 9.48 48 337 61,5 51,7 0.23 1.1 0.5 0,0
16 13.68 11,32 4,05 5.0 328 62.2 338 0.22 0.52 22 18 0.0
17 24,68 10,39 9,94 4,7 32,2 63,1 59,1 0,24 0,05 52 0,7 0,0
18 27,72 6,35 10,76 45 32,5 63,0 66,1 024 0,38 4.2 0.0 0,0
19 19,64 12,14 8.72 5.0 317 63,3 48,1 0.23 0.66 34 0.0 0.0
20 25,27 7,86 12,04 4,7 33,7 61,6 61,0 0,23 1,26 43 0,0 0,0
21 27,56 7,05 12,19 46 33,6 61,8 66,6 0,24 1,03 45 0,0 0,0
22 21,70 13,64 9.77 4,9 33,1 61,9 53,0 0.24 1,00 3.9 15 0.0
23 13,58 11,35 4,67 54 32,9 61,6 34,5 0,22 0,84 23 06 0,0
24 22,53 13,64 9,71 4,9 33,3 61,8 55,7 0,23 0,68 52 0,0 0,0
25 26,30 11,54 9.50 44 32,7 62,9 61.2 0.24 0.15 6.7 0.0 0,0
26 27.45 11,71 10,38 44 33,0 62,6 63,9 0.24 0.47 58 0.0 0.0
27 21,73 13,03 9,27 4,9 32,9 62,2 53,4 0,23 0,39 4,4 0,6 0,0
28 27.79 8,87 11,05 45 332 62,3 66,1 0.23 0.48 5.9 0.0 0,0
29 22,26 15,47 8.87 4,9 32,1 63,0 54,3 0.24 0.29 37 0.0 0.0
30 29,39 6,56 12,17 4.6 33,2 62,2 70,9 0,24 0,88 5,1 0,1 0,0
31 29,10 8,18 12,33 46 336 61,8 69,4 024 1,00 6.5 0,0 0,0
Sum 664,7 2888 2634 1597,3 19,04 14,3
Mid. 22,16 9,63 8,78 4.8 327 62,5 53,2 0,24 0,63
Max. 8.4

Normal nedbgr (1931-60): 49mm Normal nedbgr (1961-90): 60mm  Normal nedbegr (1991-20):  62,1mm
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Meteorologiske data for As

Juni 2023
N
FAKULTET FOR REALFAG OG TEKNOLOGI
DATO TEMPERATURER (°C) FUKT. | TRYKK VIND(10m)
Hytte Jord(cm) Mid Max Retn.
Mid Min Max 2 5 10 20 50 100 f(%) | (hPa) (mis)  (mls)
01 12,7 7.6 15,9 12,0 11.8 1.4 10,9 9,5 7.7 38 1007,9 3.3 59 NG
02 10.9 3.9 17.3 11.6 1.4 1.1 10.7 9.6 7.8 45 10124 3.0 6.1 N
03 12,9 77 18,5 12,8 12,3 1,7 11,0 9,6 79 66 1008,9 2,3 6,0 N
04 15,0 58 22,0 13,0 12,6 12,0 1.3 9,7 8,0 50 1009,7 24 55 N
05 15.4 9.3 20.8 13,7 13.2 12,5 "7 9.9 8.1 66 1007.7 3.1 6.2 N
06 16,9 11,4 23,6 14,7 14,1 13,3 12,2 10,2 8,2 60 1006,6 22 4,3 N
07 16.9 83 23,5 14,5 14,1 13,4 12,6 10,5 8,3 57 1007,2 29 7.0 S
08 16.8 1.4 215 14,7 14,2 13,6 12,8 10.8 8.5 48 1007.2 3.1 58 N
09 16.4 9.4 213 14,7 143 13.6 12,9 11.0 8.7 42 1012,7 2,0 3.8 S@
10 15,8 6,7 217 14,2 13,9 13,4 12,8 1.1 8,8 37 1015,6 21 4,4 SO
" 16,1 6.9 216 14,3 14,0 13,5 12,8 1.2 8.9 47 10147 29 6.4 (%)
12 17.3 6.7 234 14,3 14,0 13,5 12,9 1.2 9.0 46 1012,3 3.1 6.5 S
13 19,1 12,9 24,8 15,9 15,2 14,3 13,3 11,3 9.2 51 1009,7 2,0 5,0 sV
14 20,6 13.4 27,0 16,7 16,1 15,1 14,0 11,6 9.3 51 1010,0 1.6 4,8 sV
15 211 12,9 28,9 17.0 16.4 15,6 14,5 12,0 9.4 53 1007.8 1.5 4,9 NG
16 22,3 12,9 29,4 17,5 16,8 16,0 14,8 12,3 9,6 51 1004,3 1,5 3,8 N
17 22,5 12,9 29,3 17,9 17,2 16,4 15,2 12,6 9.8 47 1003,1 1.5 3.6 NG
18 17.9 15,3 214 16,7 16,5 16.0 15.3 12,9 9.9 70 1004.6 1.9 3.7 N
19 18,7 15,2 224 17,4 16,9 16,1 15,1 13,0 10,1 77 1002,6 21 4,2 (%)
20 18,2 15,8 21,1 17.4 171 16,3 15,4 13,2 10,3 83 1003,2 1,7 4.1 %)
21 17.5 13,7 21,8 17.2 16,9 16,3 15,5 13,3 10,4 89 999,8 1.9 55 S
22 19,3 13,7 24,0 17,9 17,5 16,7 15,7 13,5 10,6 59 1001,1 3,5 58 sV
23 18,9 12,5 25,0 17.9 17.5 16.8 15,9 13,7 10,8 50 1003,9 25 52 NV
24 18,8 1.7 24,4 18,3 17.8 171 16,1 13,8 10,9 62 1006,8 22 4,5 sv
25 19.5 141 245 19.0 18.4 17.5 16.4 14,0 1.1 74 1006.3 22 4.8 sV
26 18,8 15,0 25,8 18,7 18,4 17,7 16,7 14,3 11,2 79 998,8 2,3 7.8 SO
27 17.9 13,9 24,6 18,8 18,4 17,6 16,7 14,5 1.4 81 995,8 1.5 4,4 NG
28 19.6 11,6 255 18.8 18,5 17.8 16.9 14,7 11.6 70 999,8 28 6.2 S
29 18,6 15,6 22,9 18,7 18,4 17,9 171 14,9 1,7 81 996,4 3.2 58 S
30 18,6 12,3 23,1 18,7 18,4 17.8 171 15,0 11.9 70 989,0 3.0 5,1 sv
Mid. 17,7 113 232 16,2 15,7 15,1 14,2 12,2 96 59,9 10055 24 52
Min. 3.9
Max. 29,4
Normal temperatur (1931-1960):  14,4°C Normal temperatur (1961-1990): 14,8°C Normal temperatur (1991-2020): 14,5°C
DATO STRALING Jord- Fordamp Nedbor She-
Global Diffus Balanse uv Synlig Ired PAR Albedo  varmeflux ning dybde
( MJ/m2) (% av global) (mol/m2) (MJ/m2) (mm) (mm) (cm)
01 26,54 11,39 10,37 4,5 32,6 63,0 62,4 0,24 0,38 75 0,0 0,0
02 26,95 6,23 12,30 5,1 249 70,0 72,2 0,27 0,57 58 0,0 0,0
03 26,65 13,10 11,37 4,6 33,5 61,9 64,0 0,24 0,98 4,8 0,0 0,0
04 29,73 6,56 12,58 4,6 33.3 62,0 70,9 0,24 0,97 55 0,0 0,0
05 29,19 7.69 12,09 4.7 33.1 62,2 70,0 0.24 1,04 0.0 0.0
06 29,19 7,37 13,36 4,7 34,0 61,4 69,9 0,24 1,27 55 0,0 0,0
07 29,81 7,58 12,33 4,6 33,6 61,8 712 0,24 0,94 7.3 0,0 0,0
08 30.25 7.00 13.46 4.6 33.7 617 721 0.24 0,90 75 0.0 0.0
09 30,35 7,97 13,18 4,6 33,6 61,8 71,8 0,25 0,81 7.4 0,0 0,0
10 30,70 7.90 13,09 4.6 33,8 61,7 72,2 0,25 0,64 7.0 0,0 0,0
" 30,47 8,04 12,30 4.6 33.2 62,2 72,8 0.24 0,70 75 0.0 0.0
12 30,05 9,18 11,94 4,6 33,0 62,3 72,0 0,24 0,76 7.5 0,0 0,0
13 25,49 15,95 11,44 4,9 33,7 61,4 62,4 0,24 1,22 6,2 0,0 0,0
14 25,46 11,60 11,33 4,9 33.7 614 62,1 0,24 1,27 6.1 0.0 0,0
15 22,65 11.66 9,51 4,9 33.7 61.4 55,8 0.25 1,07 4.3 1.2 0.0
16 26,02 11,93 12,16 4,8 33,8 61,4 63,7 0,24 1,17 7.4 0,0 0,0
17 27,82 12,61 11,90 4,6 34,1 61,3 66,9 0,25 1,25 7.3 0.0 0,0
18 6,60 6,38 0.46 6.3 30.4 63.3 17.8 0.24 0.21 1.7 6.3 0.0
19 15,32 12,51 7,77 56 31,7 62,8 38,5 0,22 0,90 6,3 0,5 0,0
20 11,47 10,17 4,12 56 30,8 63,6 28,9 0,22 0,61 22 1.8 0,0
21 8,49 8,00 2,35 59 319 62,2 221 0.21 0,53 3.7 8.3 0.0
22 27,24 1,72 11,92 4,8 33,3 61,8 66,5 0,21 0,96 5,9 0,0 0,0
23 30,65 7,93 14,08 4,7 33.8 61,5 743 0,21 0,85 6.4 0,0 0,0
24 28,69 10,37 13,33 4.8 34,0 61,1 704 0,21 0,91 6.4 0,0 0,0
25 27,81 9,36 13,53 4,9 33,7 61,4 68,3 0,20 1,14 6,1 0,1 0,0
26 18,75 10,53 9,41 52 33,3 61,5 46,9 0,20 0,77 8,0 0,0
27 18,67 11,42 8,99 52 33.5 61,2 46,3 0,20 0,90 4,7 0,0
28 29,70 7.51 14,29 4.8 33.4 61.8 733 0.21 0.80 6.4 0.0 0.0
29 16,49 13,39 7,81 52 32,7 62,1 41,2 0,21 0,55 34 0,2 0,0
30 19,45 12,87 8,51 53 32,3 62,4 48,0 0,20 0,58 4,7 0,2 0,0
Sum 736,77 2959 321,3 1794,9 25,62 313
Mid. 24,56 9.8 10,71 4.9 32,9 62,2 59,8 0,23 0,85
Max. 83
Normal nedbgr (1931-60): 70mm Normal nedbgr (1961-90): 68mm  Normal nedbgr (1991-20):  76,9mm
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Meteorologiske data for As

Juli 2023
N
FAKULTET FOR REALFAG OG TEKNOLOGI
DATO TEMPERATURER (°C) FUKT. | TRYKK VIND(10m)
Hytte Jord(cm) Mid Max Retn.
Mid Min Max 2 5 10 20 50 100 f(%) | (hPa) (mis)  (mls)
01 15,6 9,2 20,2 17,5 17.4 171 16,7 15,1 12,0 68 984,8 24 57 S
02 151 10.3 18.4 17.2 17.1 16.8 16.4 14,9 12,2 83 976.8 29 6.6 S
03 14,4 9,3 19,4 16,9 16,7 16,4 16,0 14,8 12,2 78 977,2 2,8 7,0 S
04 14,4 1.5 17.8 16,8 16,7 16,3 16,0 14,7 12,3 82 983,6 2,9 4,6 S
05 14,5 9.9 18,0 16,7 16.6 16.2 15.8 14,6 12,3 77 994,0 21 54 S
06 14,7 11,5 17,8 17,0 16,8 16,3 15,9 14,5 12,3 86 994,3 2,0 3,7 NG
07 16.8 9.1 21,9 17,7 17.3 16,7 16,0 14,5 12,3 75 1003,8 1,8 53 NG
08 19.1 12,9 242 18,5 18,1 17.4 16.6 14,6 12,3 70 1009,4 1.6 3.3 N
09 203 121 26.2 19.0 18.6 17.9 17.0 14.9 12,4 63 1009.6 1.8 4.3 sV
10 18,2 12,8 249 18,3 18,2 17,8 17,2 15,2 12,5 74 1004,8 1,7 6,9 (%]
" 16.0 14,3 17.5 17.6 17.6 17.3 17.0 15.4 12,7 88 999,6 2,8 6.6 S
12 15.9 14,3 16.6 16.9 16.9 16.6 16.5 15.3 12,8 93 992,0 27 4,9 S@
13 16,3 13,3 19,9 17,2 171 16,7 16,4 15,2 12,9 80 991,8 3.8 7.1 S
14 16,0 9,2 20,3 17.2 171 16,7 16.4 15,1 12,9 66 997,6 27 6,0 S
15 14,6 12,8 16,5 16,5 16.6 16.4 16.3 15,1 13,0 90 996.,4 3.0 5.6 S@
16 16,1 15,0 18,3 16,5 16,5 16,2 16,0 15,0 13,0 87 989,0 5,6 9,9 N
17 16,1 12,8 18,3 16,4 16,4 16,1 15,9 14,9 13,0 78 991,0 57 8,6 S
18 15.6 10,2 20,3 16,3 16,3 16,0 15,7 14,9 13,0 61 994.4 2,8 6.2 sV
19 14,6 10,4 18,3 16,2 16,2 15,9 15,7 14,8 13,0 59 992,8 2,8 52 sV
20 13,8 6,8 19,8 16,1 16,1 15,8 15,6 14,7 13,0 69 990,4 1.9 6,4 sv
21 13.3 71 19,6 16,0 16,0 15,8 15,5 14,6 13,0 79 991,0 1.6 4,2 S@
22 13,1 9,7 16,5 16,0 16,0 15,7 15,5 14,6 13,0 85 992,0 1,2 3,8 (%)
23 14,4 7.9 20,5 16,5 16,3 15,8 15,4 14,5 12,9 7 992,1 1.4 4.8 NG
24 13,5 9,5 17,2 15,7 15,9 15,7 15,6 14,5 12,9 87 986,1 2,3 4,5 N
25 15.9 12,4 19.4 16.3 16.2 15.8 15.4 14,5 12,9 79 980.8 2.8 53 S
26 14,0 10,6 17,6 15,9 15,9 15,7 15,5 14,5 12,9 79 986,5 2,5 58 2
27 15,1 10,9 20,0 16,4 16,3 15,9 15,5 14,5 12,9 74 989,4 21 3.8 N
28 14,2 9.2 19,5 16.3 16.2 15.9 15.6 14.6 13,0 84 991.4 1.7 4,5 sV
29 16,6 12,6 20,8 17,3 17,0 16,5 15,9 14,6 13,0 79 990,5 2,2 4,9 2
30 16,3 14,4 20,2 17.4 17.2 16.8 16,3 14,8 13,0 86 988,8 3.3 6,4 S
31 15.1 11.9 18,9 17.4 17.3 16.8 16.3 15,0 131 85 988.5 1.7 3.6 S@
Mid. 15.5 1.1 19,5 16.9 16.8 16.4 16.0 14.8 12,7 78,1 992,0 25 55
Min. 6.8
Max. 26,2
Normal temperatur (1931-1960): 16,8 °C  Normal temperatur (1961-1990): 16,1 °C Normal temperatur (1991-2020): 16,8°C
DATO STRALING Jord- Fordamp  Nedber Sng-
Global Diffus Balanse uv Synlig Irgd PAR Albedo  varmeflux ning dybde
(MJ/m2) (% av global) (mol/m2) (MJ/m2) (mm) (mm) (cm)
01 24,86 13,79 11,16 4,9 32,4 62,7 60,8 0,21 0,40 59 0,6 0,0
02 17,83 12,04 6,36 53 31,8 63,0 44,1 0,20 0,30 24,0 0,0
03 18,22 14,23 9,06 53 32,5 62,2 45,8 0,21 0,44 0.8 0,0
04 14,96 13.05 6.90 54 321 62,5 37.6 0.20 0.36 28 0.2 0.0
05 20,70 10,67 10,41 5,0 32,9 62,1 50,8 0,20 0,50 3,5 1.4 0,0
06 14,83 11,56 4,37 52 33,0 61,8 371 0,20 0,44 1.3 1.8 0,0
07 24,22 12,77 12,47 5.1 33.0 61.9 60,9 0.21 0,96 3.9 0.1 0.0
08 22,03 13,78 10,80 52 32,7 62,1 55,0 0,22 1,00 4,0 0,0 0,0
09 28,81 7.19 14,12 4.8 33,9 61,3 70,8 0,21 1,07 58 0,0 0,0
10 13,74 10,56 5,65 53 318 62,9 345 0,22 0,31 24 1.5 0.0
" 9,09 8,15 3,29 58 31,0 63,2 234 0,20 0,01 23,0 0,0
12 6,62 6,26 1.27 6,3 37.4 56,3 17.9 0,19 0,15 6,4 75 0,0
13 24,54 11,78 1.79 4.8 33.2 62,0 60,9 0,21 0,53 3.4 0.5 0,0
14 28,86 7.26 13,16 4.8 329 62,3 70,7 0.22 0.56 5.1 0.0 0.0
15 5,74 5,64 -0,56 6,1 30,8 63,1 15,2 0,20 -0,24 0,9 6.2 0,0
16 12,85 10,59 5,96 55 32,0 62,4 324 0,21 0,28 3.2 3.0 0,0
17 15,02 12,81 6.58 54 322 62,3 38.1 0.21 0.24 4,0 0.5 0.0
18 25,43 9,15 11,39 4.8 33,0 62,2 62,1 0,22 0,37 4,4 0,7 0,0
19 21,83 13,04 9,51 4,8 33,0 62,1 53,6 0,22 0,10 4.1 0,0 0,0
20 25,95 7.81 11,92 4.8 33.4 61.8 63.9 0,22 0,40 4,2 0.1 0.0
21 21,69 10,54 10,11 4,9 33,3 61,8 54,1 0,23 0,29 2,5 3,8 0,0
22 12,99 10,04 3,69 5,0 32,5 62,5 32,5 0,23 0,15 2,6 55 0,0
23 23,89 9,56 1,79 4,9 33.2 62,0 58,7 0,22 0,79 3.9 0.0 0,0
24 6,22 5,76 1,26 59 311 63,0 16,8 0,23 -0,40 17,9 0,0
25 19,56 12,69 9,04 52 32,1 62,8 49,4 0,21 0,82 3.6 0,7 0,0
26 18,97 10,75 7.43 5,0 31,7 63,4 47,0 0,23 0,31 3.1 0.7 0,0
27 20,29 11.85 9,63 4.8 33.5 617 492 0.23 0.55 3.7 0.0 0.0
28 15,52 8,97 5,96 5,1 32,9 62,0 38,1 0,22 0,18 24 6.9 0,0
29 22,43 9,91 1.1 4,9 33,7 614 55,1 0,22 0,94 3.7 0,0 0,0
30 17,07 11,94 7.47 52 32,6 62,1 422 0.21 0,53 3.1 11.0 0.0
31 16,09 11,31 5,99 5,0 34,3 60,7 39,3 0,22 0,57 4.1 11,4 0,0
Sum 570,9 3254 2491 1417,8 12,91 139,8
Mid. 1842 10,50 8,04 5.2 328 62,0 457 0.21 0,42
Max. 24.0
Normal nedber (1931-60): 79 mm Normal nedber (1961-90): 81mm  Normal nedber (1991-20): 82,1 mm
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Meteorologiske data for As
August 2023

FAKULTET FOR REALFAG OG TEKNOLOGI

DATO TEMPERATURER (°C) FUKT. | TRYKK VIND(10m)
Hytte Jord(cm) Mid Max Retn.
Mid Min Max 2 5 10 20 50 100 f(%) | (hPa) (mis)  (mls)
01 15,2 9,0 213 17.3 17,2 16,8 16.4 15,1 13,2 81 983,4 0.8 28 N
02 16,7 13,5 218 18.1 17.9 17.3 16.7 15,2 13.2 80 981,5 17 3.8 N
03 17,0 12,5 22,5 18,3 18,1 17,6 17,0 15,3 13,3 80 982,8 1,7 3,6 N
04 15,8 1.8 20,2 17,9 17.8 17.4 17.0 15,5 13,4 86 990,6 1,7 4,7 N
05 15.3 1.7 20.3 18,0 17.9 17.5 17.0 15.6 13,5 85 996,6 17 6.0 S@
06 14,9 12,1 17,4 17,4 17,4 171 16,8 15,6 13,5 82 998,3 2,0 3,8 N
07 14,7 12,9 17.3 16,0 16,2 16,1 16,2 15,6 13,6 94 982,3 3.3 6,2 N
08 15.8 13.4 17.3 16,5 16.4 16.1 15.8 15,3 13,7 92 971,2 2,0 3.6 Ng
09 13,5 12,0 16.0 16.6 16.6 16.3 16.1 15.3 13.7 86 985.6 2,0 3.6 N@
10 14,2 11,2 17,5 16,7 16,6 16,3 16,0 15,2 13,7 80 998,7 1,8 3.7 NV
" 14,7 10,5 19,3 16.9 16,8 16.4 16.1 15,2 13,7 80 1002,9 23 6.2 S
12 16.4 13.3 21,0 171 16.9 16.5 16.2 15,2 13.7 85 1000.8 3.0 6.2 S
13 15,9 14,3 19,4 17,0 16,9 16,6 16,3 15,2 13,7 89 999,0 2,8 55 S
14 16,3 14,5 18,4 16,8 16,8 16,5 16.3 15,3 13,7 87 1001,9 3.3 5.6 S
15 16.6 14.4 18,8 17.0 16.9 16.6 16.3 15.4 13,7 94 1001,0 1.8 4,2 S@
16 171 13,6 211 17,9 17,6 171 16,6 15,4 13,8 78 1003,2 21 4,4 S
17 16,9 12,2 22,2 17,9 17.8 17.3 16.8 15,5 13,8 74 1012,7 1.4 3.2 NG
18 16.2 10,3 20,5 17.4 17.4 171 16.8 15,7 13,9 76 1014,8 1.9 3.8 N
19 17,5 16,5 19,2 17,7 17,6 17,2 16,8 15,7 13,9 82 1011,1 1,8 3,5 NG
20 17.2 16,1 19,1 17.6 17.5 17.2 16,9 15,9 14,0 94 1005,2 2,7 4,8 S@
21 17.6 1.3 231 18,2 18,0 17.6 171 15,9 14,1 75 1002,6 23 4,3 S
22 15,5 8,9 20,8 17,5 17,5 17,2 17,0 16,0 14,2 79 1001,9 1,7 41 NG
23 16,2 11,9 20,0 17,6 17,6 17.2 17,0 15,9 14,2 88 999,8 22 6,0 S
24 15,0 7.8 20,7 171 171 16,8 16,7 15,9 14,2 78 1000,2 1,7 3.1 N
25 14.4 13,0 15.8 16.8 16.9 16.7 16.6 15.8 143 85 996,9 1.6 27 (%)
26 14,5 13,6 15,6 16,3 16,4 16,2 16,3 15,7 14,3 93 995,1 2,0 4,4 %)
27 14,7 12,4 18,8 15,7 15,8 15,7 15,8 15,5 14,2 88 991,1 41 71 S
28 14.8 11.9 19.4 16.1 16.0 15,7 15,7 15.3 14,2 85 992,9 22 4.7 S@
29 14,4 11,9 17,6 16,2 16,2 16,0 15,8 15,2 14,2 84 994,6 21 52 N
30 13.4 9,1 17,7 15,9 15,9 16,7 15,7 15,2 14,1 84 994,6 1.1 3.5 S@
31 13.6 8.1 19.9 15,5 15,5 15.4 15.4 15,1 14,1 79 995,0 1.2 3.8 NV
Mid. 15,5 121 19.4 171 17.0 16.7 16.4 15,5 13.8 84,0 996.4 21 4,5
Min. 7.8
Max. 23,1
Normal temperatur (1931-1960):  15,6°C Normal temperatur (1961-1990): 14,9°C Normal temperatur (1991-2020): 15,7°C
DATO STRALING Jord- Fordamp  Nedbor Sng-
Global Diffus Balanse uv Synlig Irgd PAR Albedo varmeflux ning dybde
(MJ/m2) (% av global) (mol/m2) (MJ/m2) (mm) (mm) (cm)
01 15,75 12,07 6,18 52 34,1 60,7 39,0 0,23 0,55 3.2 0,5 0,0
02 17,35 -3,81 8,41 53 33,9 60,8 43,2 0,22 0,82 29 0,0 0,0
03 16,98 2,03 7.43 52 33,7 61,1 42,2 0,22 0,67 3.2 0,2 0,0
04 13.26 9,94 5,53 54 329 61.6 337 0.22 0.28 17 3.2 0.0
05 13,01 9,63 5,62 5,6 32,1 62,3 32,9 0,22 0,31 2,0 57 0,0
06 10,33 9,44 4,87 5,6 32,3 62,1 26,6 0,23 0,15 1.9 1.5 0,0
07 2,52 247 -0,50 6.9 293 63.8 6.8 0.19 -0,50 22 40,2 0.0
08 6,19 5,90 0,34 6,2 32,6 61,2 16,6 0,21 0,42 1,3 1,4 0,0
09 10,16 8,76 2,68 58 40,7 53,5 26,2 0,21 0,18 1,5 1.2 0,0
10 11.41 9,42 5,24 5.6 453 49.1 29,0 0,22 0.26 28 0.0 0.0
" 19,78 7,94 9,05 5,0 44,6 50,4 49,3 0,23 0,38 4,3 0,0 0,0
12 14,48 9,28 6,73 5,1 48,2 46,7 35,9 0,22 0,50 27 1.1 0,0
13 10,02 8,15 3,65 55 47.8 46,7 253 0,22 0,24 0.5 4.4 0,0
14 8,76 7.7 3.80 59 47.8 46,3 22,6 0.22 0,05 0.3 0.4 0.0
15 5,68 5,24 0,64 6,1 49,2 44,7 14,8 0,21 0,36 1,6 55 0,0
16 11,68 21 0.0 0,0
17 19,55 8,54 9,61 4.9 46,5 48,6 483 0.23 0,58 4.6 0.1 0.0
18 15,78 9,72 7.30 52 46,8 48,0 39,2 0,23 0,13 3.6 04 0,0
19 7,10 6,67 2,51 6,0 45,7 48,3 18,7 0,22 0,28 21 58 0,0
20 6,79 6,12 2,69 58 43,8 50,4 17.3 0,22 0,34 0.9 323 0.0
21 18,72 783 8,66 4,7 42,5 52,8 45,7 0,24 0,65 21 0,0 0,0
22 18,94 8,29 7,36 4,6 42,7 52,7 45,5 0,24 0,13 34 0,0 0,0
23 13,65 9,13 5,81 5,0 33.7 61,3 34,5 0,24 0,28 3.0 55 0,0
24 18,89 7,88 8,15 4,7 33,8 61,5 46,5 0,25 0,06 2,7 0,1 0,0
25 4,53 4,24 1,33 59 33,1 61,0 11.8 0,22 -0,18 1.4 0,1 0,0
26 3,64 3,57 0,53 6.4 311 62,5 9.8 0,21 -0,27 05 46,0 0,0
27 13,13 9.13 4,04 5.1 324 62,4 32,9 0.23 -0.12 20 17.4 0.0
28 14,54 7.26 6,14 4,9 33,7 61,4 35,7 0,23 0,22 23 0,0 0,0
29 12,32 8,37 4,63 5,0 34,1 60,9 30,2 0,23 -0,03 2,0 0,0 0,0
30 11,50 9,52 3.42 4.4 34.4 61.2 275 0.25 -0.19 24 0.0 0.0
31 17,01 8,92 6,45 4.3 35,3 60,4 40,5 0,25 -0,18 24 0,0 0,0
Sum 3834 2194 1483 928,0 6,38 69,5 173,1
Mid. 12,37 7,31 4,94 5.4 38,5 56,1 30,9 0.23 021 22
Max. 46.0
Normal nedber (1931-60): 96 mm Normal nedber (1961-90): 83mm  Normal nedber (1991-20): 96mm
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FAKULTET FOR REALFAG OG TEKNOLOGI

Meteorologiske data for As
September 2023

DATO TEMPERATURER (°C) FUKT. | TRYKK VIND(10m)
Hytte Jord(cm) Mid Max Retn.
Mid Min Max 2 5 10 20 50 100 f(%) | (hPa) (mis)  (mls)
01 15,0 8,9 218 15,2 15,2 15,1 15,2 14,9 14,0 76 997,5 1.5 4.1 NV
02 15.2 8.4 203 15,2 15,2 15.1 15.0 14,7 13.9 68 1003,0 1.6 3.5 N
03 14,6 11,4 18,1 15,5 15,4 15,2 15,1 14,6 13,9 77 1006,6 1,9 4,5 S
04 17.7 12,6 23,6 15,7 15,7 15,3 15,1 14,6 13,8 79 1006,9 3.3 6,1 S
05 17.8 12,0 245 15,9 15,9 15.6 15.3 14,6 13.8 70 1005.4 21 4.6 S
06 14,8 8,4 20,3 15,3 15,4 15,2 15,2 14,7 13,7 69 1014,1 1,5 3,0 N
07 16,0 13,4 18,7 15,7 15,6 15,4 15,2 14,7 13,7 86 1014,0 2,6 58 S
08 16.0 14,7 17.5 16,1 16,0 15,6 15.4 14,7 13,7 95 1009,8 2,0 3.8 S
09 16.2 143 19.9 16.4 16.3 15.9 15.6 14,7 13,7 92 1005,2 1.3 3.1 S
10 171 15,0 217 16,8 16,6 16,2 15,8 14,9 13,7 92 1002,8 24 4,2 S
" 16.9 16,3 17.6 16,6 16,6 16,3 16.0 15,0 13,7 97 998,0 4,2 6.0 S
12 16.5 8.9 20,5 16.6 16.6 16.3 16.0 151 13.8 70 996,1 29 5.0 NV
13 11,6 4,2 16,2 14,2 14,7 14,9 15,3 15,1 13,9 61 1004,3 2,7 5,6 N
14 9,9 4,2 14,6 13,1 13,5 13,6 14,2 14,7 13,9 77 1008,5 1.5 3.2 N
15 13.4 11,0 16,5 14,0 14,1 13.9 14,0 14,2 13.8 89 1006,7 23 5.0 S
16 12,9 8,0 16,4 14,2 14,3 14,1 14,1 14,1 13,7 90 1005,8 2,9 55 N
17 9,7 4,8 15,1 12,9 13,2 13,3 13,7 13,9 13,6 82 1009,2 1,7 3.7 NG
18 12,7 7.5 16,5 12,6 12,8 12,8 13.2 13,6 13,5 90 996,3 2,6 71 (%)
19 14,2 9,7 16,6 13,9 13,8 13,5 13,4 13,4 13,3 82 978,4 4,9 8,7 S
20 12,4 8,8 16,4 13,1 13,2 13,1 13,3 13,4 13,2 91 983,0 3.2 7.0 S
21 15.8 13,7 18,1 14,3 14,2 13,9 13,7 13.4 13,2 92 984,5 4,7 7.7 N
22 12,9 11,0 15,9 14,2 14,2 14,0 13,9 13,5 13,1 90 984,1 2,3 4,6 NV
23 12,0 7.1 16,4 13,4 13,6 13,5 13,7 13,6 13,1 84 991,5 2,6 6,3 S
24 10,5 3.7 14,9 12,3 12,6 12,7 131 13,5 131 78 1004,7 2,6 6,3 S
25 14,3 131 15.4 13,1 13.2 13.0 13.0 13.1 13.0 90 1005,7 5.6 8.4 S
26 14,0 10,9 16,7 13,3 13,4 13,1 13,2 13,1 13,0 88 1009,0 2,9 4,9 S
27 14,7 12,8 18,4 13,8 13,8 13,5 13.4 13,1 12,9 89 1004,8 3.3 58 S@
28 14,3 11.9 16.8 13.9 13,9 13,7 13.6 13,2 12,9 91 1000,3 3.6 6.2 S
29 13,6 10,7 15,6 13,8 13,9 13,7 13,7 13,3 12,9 88 996,0 3.5 55 S
30 12,5 7.8 17,7 12,9 13,2 13,2 13.4 13.4 12,9 74 9971 3.5 7.2 sV
Mid. 14,2 10,2 18,0 145 145 14.4 14,4 141 135 83,3 1001,0 238 54
Min. 3,7
Max. 24,5
Normal temperatur (1931-1960): 10,9°C Normal temperatur (1961-1990): 10,6 °C Normal temperatur (1991-2020): 11,5°C
DATO STRALING Jord- Fordamp Nedbgr Sne-
Global Diffus Balanse uv Synlig Ired PAR Albedo  varmeflux ning dybde
( MJ/m2) (% av global) (mol/m2) (MJ/m2) (mm) (mm) (cm)
01 17,09 577 6,70 4.6 341 61,3 416 0,25 -0,12 3.1 0,0 0,0
02 16,95 6,77 6,48 4,5 34,0 61,5 41,0 0,26 -0,03 24 0,0 0,0
03 9,82 8,21 4,01 55 34,3 60,3 253 0,23 0,11 1,8 0,0 0,0
04 16,78 3,62 5,99 4,9 32,9 62,2 421 0,24 0,42 1.9 0,0 0,0
05 17.35 3,60 6.07 4.7 329 62,4 43,0 0.26 0.19 24 0.0 0.0
06 15,44 9,17 6,20 4.4 34,6 61,0 37,1 0,26 -0,23 3,6 0,0 0,0
07 7,73 6,96 3,87 52 33,0 61,9 19,7 0,23 0,21 3.4 0,0 0,0
08 4,02 3,95 1.94 58 316 62,6 10.4 0.23 0.33 28 0.0 0.0
09 7,10 6,36 3,30 53 33,9 60,9 18,1 0,24 0,39 3,5 0,0 0,0
10 10,62 6,01 4,73 5,0 34,3 60,7 26,2 0,24 0,53 3.4 0,0 0,0
" 1,64 1,62 0,02 6.6 323 61.1 4.6 0,19 0,16 1.5 0.6 0.0
12 13,62 7,43 3,99 4,6 35,3 60,0 32,9 0,25 -0,02 1,8 0,2 0,0
13 15,21 10,32 3,66 4.4 32,0 63,6 36,4 0,26 -1,29 2,0 0,0 0,0
14 8,98 7,60 2,79 51 33.3 61,6 223 0,24 -0.74 6.5 0.7 0,0
15 7.21 6,33 2,54 52 328 62,0 18,6 0.23 0,08 0.8 5.0 0.0
16 5,65 4,76 0,90 57 31,2 63,1 14,8 0,23 -0,20 23 0,7 0,0
17 14.41 3,33 4,03 4.4 323 63,2 35,0 0,27 -0,80 1.8 0,0 0,0
18 1.1 1,06 -1,01 7.4 40,3 52,2 3.2 0,16 -0.35 0.7 26,8 0.0
19 8,42 6,06 2,71 58 19,0 75,2 24,9 0,30 0,25 1.1 7.9 0,0
20 3,37 3,40 -0,53 6,1 30,5 63,4 8.8 0,21 -0,16 0,8 1,0 0,0
21 2,44 241 -0,32 6.2 324 61,3 6.6 0,20 043 0.3 16.6 0.0
22 8,06 5,05 1,28 4,7 34,5 60,8 19,5 0,25 0,05 1,6 19,7 0,0
23 11,49 4,79 1,76 4,6 32,2 63,3 279 0,26 -0,53 1,7 0,0 0,0
24 12,30 3,42 2,83 4,3 321 63,5 291 0,28 -0,59 1.8 24 0,0
25 2,38 2,36 -0,90 6,1 33,6 60,3 6,4 0,22 0,09 0,5 3,2 0,0
26 9,30 6,35 1,48 4.1 32,7 63,3 21,9 0,26 0,16 1.4 0,0 0,0
27 8,35 4,96 1,24 4,6 32,4 63,0 19,9 0,26 0,34 1.7 3.7 0,0
28 2,81 2,69 -0.44 58 33.5 60.7 73 0.21 0,02 0.8 0.6 0.0
29 5,67 4,77 0,21 5,1 32,7 62,2 14,0 0,23 -0,18 0.8 0,0 0,0
30 10,17 4,18 0,83 4,3 31,8 63,9 24,0 0,26 -0,63 1.4 0,0 0,0
Sum 2755 1533 76,3 682,6 2,09 59,8 89,2
Mid. 9,18 511 2,54 52 32,8 62,1 22,8 0,24 -0,07 2,0
Max. 26.8
Normal nedbgr (1931-60): 86 mm Normal nedbgr (1961-90): 90mm  Normal nedbgr (1991-20): 90 mm
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FAKULTET FOR REALFAG OG TEKNOLOGI

Meteorologiske data for As
Oktober 2023

DATO TEMPERATURER (°C) FUKT. = TRYKK VIND(10m)
Hytte Jord(cm) Mid Max Retn.
Mid Min Max 2 5 10 20 50 100 f(%) | (hPa) (mis)  (mls)
01 9,5 3.5 141 1.7 121 12,2 12,7 13,2 12,9 80 1002,7 1.3 3.4 %)
02 13.0 8.5 16.5 12,7 12,7 12,5 12,6 12,8 12,8 83 998.4 22 4.4 sV
03 9,5 6,3 14,2 11,8 121 12,1 12,4 12,7 12,7 84 990,6 1,2 2,7 (%)
04 10,1 58 16,0 10,9 1.2 1.4 1.9 12,5 12,6 73 992,0 2,2 6.4 sV
05 9.3 6.6 14,0 10.7 10.9 11.0 1.4 12,2 12,5 74 999,6 1.9 3.6 N
06 10,7 6,6 14,9 10,7 10,9 10,9 11,2 11,9 12,4 86 988,7 4,0 10,0 S
07 6,5 -0.4 11,5 9,9 10,3 10,5 11,0 1.7 123 60 999,6 22 48 N
08 4,0 -2,0 11.0 8.1 8.6 9.0 10,0 1.4 121 68 1010.3 1.5 4.0 NV
09 24 -2.8 9.1 7.3 7.8 8.1 9.1 10.8 12,0 79 10045 0.9 22 (%)
10 6,7 -1,2 13,9 7.2 75 7.7 8,5 10,3 1,7 88 994,5 3.1 7.2 S
" 11,6 6.3 13.9 9.3 9.3 9.1 9.1 9.9 1.5 69 976.7 6.1 10,0 sV
12 8.7 3.5 12,4 8.1 8.4 8.5 9.1 10.0 1.3 55 986.1 3.6 7.9 \
13 7.0 2,0 9,5 7.6 7.9 8,0 8,7 9,9 1.2 87 982,1 28 50 S@
14 7.9 4,9 1.3 7.8 8,1 8.1 8,6 9,6 11,0 72 970,3 4,2 6.7 sV
15 7.9 1.5 10.9 75 7.8 7.9 8.4 9.5 10.9 52 989,5 25 4.8 NV
16 4.4 -2,5 94 6,1 6,5 6,8 7.8 9,3 10,7 65 1001,4 1.9 34 N
17 7.5 1.8 1.9 6,7 7.0 7.0 7.6 8,9 10,6 73 999,1 2,6 5,6 S
18 43 0.1 8.2 57 6.2 6.4 73 8,7 10.4 7 10053 1.8 4.2 NG
19 1,2 -0,8 3,8 4,8 53 57 6,7 8,4 10,2 68 1006,5 29 4,3 NG
20 1.8 -0,1 4.1 4,2 4,7 5,0 6,0 8,0 10,0 63 1005,6 4,4 6,0 NG
21 2,0 0.8 29 3.9 43 4.7 56 7.6 9.8 75 1000,6 4,5 6.4 NG
22 3,5 2,8 4,4 4,8 4,9 5,0 56 73 9,6 90 997,5 25 31 N
23 5,0 3.8 6,7 56 57 56 59 72 9.4 91 1000,2 21 3.2 N
24 4,8 3.1 6,3 6,1 6,2 6.1 6.4 7.3 9,2 85 1004,7 24 3,8 NG
25 21 1.2 3.1 53 5.6 58 6.3 7.3 9.1 76 1002,0 3.7 53 Ng
26 2,1 1,2 3.5 4.8 5,1 53 59 7.2 9,0 72 996,3 3.1 4.7 N
27 1.1 0,6 1.7 4,3 4,7 4,9 56 7.0 8,9 68 993,3 2,7 3,6 N
28 0.6 -0.7 22 4,0 4.4 4.6 53 6.8 8.8 68 9957 20 34 N
29 -0,1 -2,4 1,5 3.4 3.8 4.1 4,9 6,6 8,6 68 992,6 3.4 59 N
30 -1,0 -1.5 -0,1 3.2 3.5 3,8 4.6 6,3 8,5 87 987,0 4.9 6.4 N
31 -0.1 -1.0 0.6 3.2 3.5 3.6 4.4 6.0 8.3 80 989,5 53 7.0 N
Mid. 53 1.8 8.5 7.0 7.3 75 8.1 9.3 10.7 74,6 995.6 29 5.1
Min. -2,8
Max. 16,5
Normal temperatur (1931-1960): 5,7°C Normal temperatur (1961-1990): 6,2°C Normal temperatur (1991-2020): 6,1°C
DATO STRALING Jord- Fordamp  Nedbor Sng-
Global Diffus Balanse uv Synlig Irgd PAR Albedo  varmeflux ning dybde
(MJ/m2) (% av global) (mol/m2) (MJ/m2) (mm) (mm) (cm)
01 8,21 572 1,39 43 33,1 62,6 19,2 0,28 -0,73 24 0,3
02 8,93 5,61 1,93 4,5 35,5 60,1 213 0,26 0,08 1.5 0.8 0.0
03 7.38 4,49 0,54 47 349 60.5 17.4 0.26 -0.61 20 0.0 0.0
04 9,37 3,43 0,91 43 34,0 61,7 218 0,27 -0,83 1.7 0,0 0,0
05 9,71 2,60 1.47 4,2 35,1 60,7 22,7 0,28 -0,47 1.9 0,0 0,0
06 3,57 3,48 -0,57 58 33.5 60,7 9.2 0.21 -0,30 1.1 4.7 0.0
07 8,56 3,79 -0,49 4,2 32,0 63,8 19,6 0,26 -1,16 1.5 0,0
08 9,81 2,78 0,25 4,0 33,5 62,6 221 0,27 -1,52 22 0,0
09 7.99 4,97 0,63 4.2 33.6 62,2 18.4 0,26 -1,34 22 0.0 0.0
10 5,64 3,59 0,65 4,6 32,1 63,3 13,6 0,25 -0,55 1.8 25 0,0
" 7,94 2,99 -0,27 4,3 33.1 62,5 18,5 0,26 0,13 1.2 04 0,0
12 6.87 4,19 -1.25 4.4 31.3 64,3 16,0 0,27 -0,87 1.6 0.0 0,0
13 1,92 1,98 -1,39 59 29,5 64,7 4,9 0,22 -0,61 1,0 9,9 0,0
14 6,26 3,95 -1,49 4,4 31,9 63,7 14,6 0,25 -0,65 1.4 0,0
15 6,73 4,38 -1,06 4,2 33,6 62,1 15,5 0,27 -0,81 1.6 0,0
16 7,60 3,62 0,15 3,9 33,7 62,4 17,0 0,28 -1,18 2,0 0,0 0,0
17 3,18 1,83 -1,51 4,7 35,0 60,3 75 0,26 -0,56 1.3 0,0 0,0
18 5,72 3,58 -1,00 4,3 34,0 61,8 13,2 0,27 -1.17 1,6 0,0 0,0
19 6.85 2,34 -1.64 4.1 32,6 63.4 15.3 0.29 -1,36 1.2 0.0 0.0
20 3,90 3,47 -1,56 4,8 31,2 64,0 9,3 0,24 -1,13 0,7 0,0 0,0
21 1,23 1,28 -1,79 58 25,3 68,9 3.1 0,20 -0,98 0,6 0,2
22 1.84 1.89 -0.44 6.0 316 62,4 4.8 0,20 -0.31 0.4 1.5
23 2,56 2,57 0,70 58 31,1 63,0 6,6 0,20 -0,01 0,1 0,0 0,0
24 2,48 2,46 0,66 57 32,6 61,8 6.3 0,21 -0,20 0,0 0,0 0,0
25 1,56 1,60 -0,18 6.7 28,7 64,6 4,0 0,21 -0.81 0.0 0.0 0.0
26 2,19 2,00 -0,14 6,2 29,3 64,5 55 0,23 -0,74 0,0 0,0 0,0
27 1,22 1.25 -0,45 6.9 29,3 63,8 3.2 0,22 -0,85 0,0 0,0 0,0
28 2,46 2,46 -0,12 55 319 62,7 6.1 0,23 -0,76 0.0 0,0
29 1,23 1,27 -0,29 7.0 26,7 66,3 3.1 0,20 -1,01 0,0 0,2
30 1,34 1,38 -0,23 6.8 29,7 63,4 3.7 0,78 -0,81 0,0 4,5 25
31 2,83 2,82 -0,20 5,6 31,2 63,2 7.3 0,74 -0,65 0,0 0,1 8,0
Sum 157,1 93,8 6,8 370,8 22,74 33,1 253
Mid. 5,07 3,02 -0,22 5.1 32,0 63.0 12,0 0,28 -0,73 1.1
Max. 9.9
Normal nedbgr (1931-60): 86 mm Normal nedbgr (1961-90):  100mm  Normal nedbgr (1991-20):  105mm
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