
 

TRITA-LWR Degree Project 
ISSN 1651-064X 
LWR-EX-2015:28 

 

 
 

 
 

 
 
 

GLOBAL SENSITIVITY OF WATER 
QUALITY MODELING IN THE GULF 

OF FINLAND 
 
 

 
 

Daorui Lin 
 
 
 

November 2015 
 
 
 
 
 
 
 

 

 



Daorui Lin                                                                                          LWR-EX-2015:28 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Daorui Lin 2015 
Degree Project for the master program Environmental Engineering and Sustainable 
Infrastructure 
Division of Land and Water Resources Engineering 
Royal Institute of Technology (KTH) 
SE-100 44 STOCKHOLM, Sweden 
Reference should be written as: Lin, D (2015) “Global Sensitivity of Water Quality 
Modeling in the Gulf of Finland” TRITA-LWR Degree Project 2015:28 

ii 
 



Global Sensitivity of Water Quality Modeling in the Gulf of Finland 

SUMMARY IN SWEDISH 
Finska viken är den mest övergödda delen av Östersjön. Detta 
beror till största del av tillförseln av näringsämnen från 
mänskliga aktiviteter i kustnära städer. För att komma till bukt 
med detta miljöproblem behövs en beräkningsmodell baserad 
på förståelsen för samspelet mellan övergödning, vattenkvalitet 
och sediment, som gör det möjligt att prognostisera 
vattenkvaliteten och dess variation i förhållande till naturliga 
och antropogena influenser. En välfungerande 
vattenkvalitetsmodell kan vara användbar i beslutsfattanden 
rörande dels Finska viken, men även hela Östersjön. 
En sådan modell som beskriver vattenkvalitetens variation i 
Östersjön är Kiirikki-modellen. Det är en sediment- och 
ekosystembaserad modell som behandlar olika delområden och 
lager som boxar. Den här rapporten syftar till att bedöma 
känslighetsnivåerna hos de ingående parametrarna när de 
appliceras på en skala motsvarande Finska viken. Till att börja 
med tillämpas Morrismetoden för att generera ekonomiska 
OAT-resultat (One factor At a Time). Därefter gallras 50 utav 
100 trajektioner med så långa avstånd som möjligt fram. För att 
kunna bedöma känsligheten krävs index och indikator. EE 
(elementär effekt) nyttjas till att vara bedömningsindexet och 
fyra huvudövergödningsindikatorer från HELCOM 2009a 
analyseras. 
Genom att jämföra (σ,μ)- och (σ,μ*)-diagrammen för varje 
parameters EE-värde (σ är standardavvikelsen, μ är medelvärdet 
och μ* är det absoluta medelvärdet) kan några parametrar 
identifieras som potentiellt känsliga parametrar, så som minsta 
biomassa av cyanobakterier (Cmin), kritiskt punkt för CO2-flux 
(Ccr), den optimala temperaturen för fosformineralisering av 
detritus (Toptgamma), maximal algförlusttakt (RAmax), optimal 
temperatur för tillväxt av andra alger (ToptmuA), koefficient för 
temperaturbegränsande faktor för tillväxten av cyanobakterier 
(aTmuC), halvmättnadskoefficient av strålning för cyanobakterier 
(KIC) och så vidare. I motsatts till de ovan nämnda 
parametrarna bedöms andra parametrar ha väldigt låga värden 
vad gäller σ,μ och μ*. Detta på grund av att Morrismetoden 
utnyttjas, vilken gör det enklare att uppnå en högre varians i 
resultaten, vilket i sin tur generellt resulterar i högre σ. 
Efter den initiala gallringen av okänsliga parametrar som 
presenteras i den här rapporten måste fortsatta 
parameterundersökningar med olika strategier/metoder vidtas. 
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Global Sensitivity of Water Quality Modeling in the Gulf of Finland 

ABSTRACT 
The Gulf of Finland is the most eutrophied water body in the 
Baltic Sea, which is mainly caused by nutrient loads produced 
by human activities in its surrounding cities. In order to solve 
this environmental problem, a computational model based on 
the understanding the relations between eutrophication, water 
quality and sediments is needed to forecast the water quality 
variance in response to the natural and anthropogenic 
influences. A precise water quality model can be useful to assist 
the policy making in the Gulf of Finland, and even for the 
whole Baltic Sea. 
Kiirikki model, as one of these models describing the water 
quality of Baltic Sea in response of water quality variance, is a 
sediment and ecosystem based model, treating different sub-
basins and layers as boxes. This study aims to assess the 
parameters’ sensitivity level on the scale of the Gulf of Finland. 
Firstly, the Morris sampling strategy is applied to generate 
economic OAT (One factor At a Time) samples before 
screening 50 out of 100 trajectories with distance as large as 
possible. In order to assess their sensitivity, index and indicator 
are needed. EE (elementary effect) is adopted to be the 
assessment index and four core eutrophication indicators from 
HELCOM 2009a are to be analyzed. 
By comparing the (σ,μ) and (σ,μ*) plots of each parameters’ EE 
values (σ is standard deviation, μ is mean value and μ* is the 
absolute mean value), some parameters are identified as 
potential sensitive parameter, such as the minimum biomass of 
cyanobacteria (Cmin), critical point of CO2 flux (CCr), the optimal 
temperature for detritus phosphorous mineralization (Toptgamma), 
maximum loss rate of algae (RAmax), optimal temperature for the 
growth of other algae (ToptmuA), Coefficient for temperature 
limiting factor for the growth of cyanobacteria (aTmuC), half-
saturation coefficient of radiation for cyanobacteria (KIC) and so 
on. In contrast, the other parameters are ruled out as having 
very low values in terms of σ, μ and μ*. This is because the 
feature of Morris sampling strategy makes it easier to achieve 
high variance of the outputs, resulting into generally higher σ.  
Therefore, further investigation with different strategies is 
needed after the initial screening of the non-sensitive 
parameters in this study. 
Key words: Gulf of Finland; Eutrophication; Modelling; Morris 
sampling; Sensitivity analysis 

1.    INTRODUCTION 
1.1    Gulf of Finland 

Gulf of Finland (59°11´N, 22°50´E - 60°46´N, 30°20´E), is 
located in the eastern Baltic Sea between Finland (to the north) 
and Estonia (to the south), and stretches east to Saint 
Petersburg, Russia with a long and thin shape (Fig. 1). It has a 
length of around 400 kilometers, average depth of about 40 
meters, the highest depth of 115 meters and the area of about 
30000 square kilometers. Saltiness is low and increases from 
east to west, as well as depth. Big cities adjacent to the GoF 
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include Helsinki, Tallinn and Saint Petersburg. There are a lot 
of rivers connected to the GoF, like Neva River (the largest 
river in the Baltic Sea drainage area), Narva River and Saimaa 
Canal, as well as a lot of islands like Hogland, Lavansari and 
Kotlin islands. Therefore it is obvious that the GoF has a big 
impact on the ecosystems of the surrounding areas.  
The circulation of water is anti-clockwise (HELCOM 1996) and 
the residence time is three years theoretically for the whole GoF 
but only one year in the easternmost part. The Gulf will be 
covered with ice for between 3 to 5 months every year. 
Among the Baltic Sea, the Gulf of Finland (GoF) is considered 
the most eutrophied sub-basin, as well as one of the most 
eutrophied marine waters in Europe (Ærteberg et al., 2001). 

1.2    Eutrophication 
Eutrophication refers to the response to the addition of 
excessive chemicals, which are mostly phosphates and nitrates, 
by increasing the phytoplankton in the water body due to the 
increase of nutrients (Schindler, David and Vallentyne, John R, 
2004). Potential sources of nutrients include detergents, 
fertilizers, sewage and so on. The consequences of 
eutrophication are the depletion of oxygen, as well as the 
blocking-up from radiation into the water body, by the 
extensive growth of plankton that causes death of the aquatic 
animals. 
Since eutrophication state is influenced by topography, solar 
radiation, upflow of deep water and other physical factors, it is 
an area-specific problem and the management strategies or 
regulations vary from different uniform water bodies in terms 
of most of important physical properties (Cecilia Lundberg, 
2005). In the scale of the Gulf of Finland, Phytoplankton 
consuming nutrients are divided into two groups, cyanobacteria 
and other algae in this model. The main differences are that 
cyanobacteria can fix atmospheric nitrogen when DIN is not 
sufficient and it is capable of being avoided by grazers due to its 
toxicity property (Tyrrell, 1999). Both groups of phytoplankton 
can take up inorganic nutrients according to a fixed ratio 
introduced by Redfield (Redfield, 1958). 
The primary limiting factor for eutrophication is phosphorous 
in freshwater. Usually phosphorous is released from soil erosion 
and transferred to water bodies. As a necessary nutrient for 
most plankton growing in many ecosystems, excessive amount 
of phosphorous favors the growing of simple algae and 
plankton over more complicated ones, which causes the reduce 
of water quality. It is difficult to convert the state of 
eutrophication because the extraction of phosphorous is quite 
slow. However, nitrogen is considered the key limiting factor in 
ocean ecosystem instead of phosphorous. Eutrophication is 
found to be a common phenomenon in oceans, especially in 
coastal environment. This is because runoffs carrying nutrients 
tend to concentrate where they enter the open sea, as well as the 
upwelling of deep, nutrient-rich water to the surface, in which  
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nutrient can be consumed by algae (M. Nasir Khan and F. 
Mohammad, 2013).  
Eutrophication is originally a natural process, which happens 
particularly in lakes of temperate areas. It is considered to be as 
slow as geological time scales because it is related to climate 
change, geology and other external activities. Some eutrophic 
lakes can process meiotrophication, which means having 
nutrient reducing process naturally (Walker, 2006). However, it 
has been accelerated greatly by human activities through both 
point sources discharge and non-point loading of nutrients, like 
nitrogen and phosphorous, into aquatic ecosystems. 
Nowadays, eutrophication is recognized to be caused mostly by 
human activities (Jonge, 2002), some of which can be sorted as: 
Agricultural fertilizers - main reason of eutrophication occur-
rence as it contains nitrogen and phosphorous.  

      Fig  1: Map of the Gulf of Finland (source: Wikipedia). 
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Sewage water containing domestic waste - includes organic and 
inorganic nutrients, which are produced by human activities. 
Aquaculture (farming of fish, selfish and aquatic plants) - waste 
food or excrement from the fish can be added to the water and 
eventually contribute to the nutrients increases in the soil, 
runoffs and the sea. 
The Gulf of Finland has the most severe eutrophication 
problem within Baltic Sea caused by the large load of industrial 
and domestic wastewater from the big river, River Neva, and 
from Saint Petersburg which is the biggest city around the Gulf 
of Finland with more than 5 million inhabitants. Records about 
the eutrophication bloom on River Neva appeared since the 
1910s (Pitkänen et al. 1993). This is believed to be caused by the 
intensive agriculture activities started from early 20 century 
(Schernewski & Neumann, 2005). 
The most obvious consequences of eutrophication is the 
present of excessive bloom of poisonous, foul-smelling 
phytoplankton that reduces water clarity and causes great harm 
to water quality(Chislock, M. F., Doster, E., Zitomer, R. A. & 
Wilson, A. E, 2013). As water surface is covered by 
phytoplankton, light penetration is decreased, which reduces the 
growth and even cause death to plants in littoral zones, as well 
as making it more difficult for predators to catch prey. 
Moreover, higher rate of photosynthesis is conducted by the 
surface phytoplankton, which depletes more dissolved inorganic 
carbon and raises the pH to very high levels during the day 
(Turner & Chislock, 2010). When a lot of algae eventually die, 
dissolved oxygen is greatly depleted by microbial when 
consuming algae’s dead body. Thus, an anoxic state is created 
and most organisms cannot survive with it. Finally, biodiversity 
is reduced in large amplitude, causing the water body to be 
“dead”. 
There are a variety of strategies proposed to minimize 
eutrophication. For examples, diversion of excessive nutrients 
(Edmondson, 1970), altering nutrient ratios (Downing et al. 
2001) and physical mixing (Huisman et al. 2004). However, 
most of them are proven to be inefficient and costly. Shapiro 
proposed another alternative called biomanipulation, which 
refers to the alteration of the food web to restore the ecosystem 
health (Shapiro et al. 1975). For the past decades, biological 
modeling becomes another alternatives for investigation of 
eutrophication problem to reveal the impacts of different 
factors to it. With the help of a precise model, it is easier for 
scientists to invent remediation method for eutrophication 

1.3    Models and sensitivity 
A computational model is a mathematical model defined by a 
series of equations, input variables and parameters that requires 
extensive computational resources to study the behavior of a 
complex system by computer simulation (Fernández, Maribel, 
2009). The system under study is usually a complex nonlinear 
system for which massive computations for every time step are 
required instead of simple, intuitive analytical solutions. By 
setting variables, adjusting parameters and studying the 
differences of the outcomes in the model, calibration 
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experiments can be done to gain theories and experiences of the 
model. 
In biological model, variables’ sensitivities have different 
responses to different parameters. With a slight disturbance, 
parameters with large sensitivity can have a big impact on the 
simulation results of the biological model. Therefore, it’s 
important to identify parameters with large sensitivities on the 
model simulation results, especially on the key outcomes.  
Sensitivity analysis is the study of how the uncertainty of a 
model’s inputs can affect the uncertainty of its outputs.  
In this study we focus on the global sensitivity of parameter of 
Kiirikki Model (Kiirikki, 2001), which is a model describing the 
water quality of the Baltic Sea by a series of equations, input 
variables and parameters. As complex as it is, the relations 
between inputs and outputs are not fully understood. In this 
case, the model is treated as a black box, which means the 
outputs are opaque of the inputs. 
It is common to see the model inputs are subjected to 
uncertainty. This may come from the errors of measurement, 
absence of information or mistakes in core equations. This 
uncertainty causes a limit on our confidence of the outputs (Der 
Kiureghian, A., Ditlevsen, O., 2009). Studying a complex 
model, like Kiirikki model, sensitivity analysis is an essential 
process for model building and quality assurance.  

1.4    Objectives 
In order to have a more precise model describing the water 
quality of the GoF, which is useful for further investigation and 
important policy decision, sensitivity analysis should be 
conducted before this model is calibrated and provides 
references for the direction of further calibration. 
The objectives of the study are: 
 Firstly, the Morris method with the elementary effect 

should be fully learned and applied on generating 
parameter samples for this study.  

 Then, some possibly sensitive parameters from the results 
should be identified and explained as well as screening 
other parameters that are considered to be not sensitive 
enough in terms of the eutrophication indicator, which will 
be explained later. This will contribute to the further 
investigation of the model calibration or raise the interest 
of further measurement of the possibly sensitive 
parameters.  

 Finally, with the results of this study, the possibly sensitive 
parameters can be selected for further sensitivity analysis 
with more computational costly and more precise 
methods, such as Sobol and FAST (Sobol, 2001). 

2.    METHODOLOGY 
2.1    Global description 

In this study, the Kiirikki model has been implemented with 
Morris sampling strategy to test the sensitivity of different 
parameters in the scale of the Gulf of Finland. In order to 
maximize the differences of simulation results from different 
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set of parameters, trajectories with biggest distances to each 
other should be selected as samples by applying the 
Campolongo strategy (Francesca Campolongo, Jessica Cariboni 
& Andrea Saltelli, 2007). However, 50 sampling groups are 
required to be selected from 100 groups, which are too much 
for this strategy and far beyond the memory of available 
computers. Therefore, another method is adapted to have 50 
out of 100 sampling groups with distances as big as possible(not 
the biggest distance) and will demonstrated in detail in later 
section. 
The water quality, especially eutrophication problem, of Golf of 
Finland will be simulated by Kiirikki et al. model which is a 
simplified representation of the ecosystem in GoF. The 
boundary condition and initial condition are decided by a earlier 
study of this model (Vigouroux G, 2014) and the parameters are 
confined in their ranges, which are decided by rough estimation. 
To assess the sensitivity, elementary effect and root-mean-
square deviation are applied as index in the outcomes.  

2.2    Water quality 
2.2.1    Hydrodynamics 

Figure 2 shows how the GoF is simulated with a systematic 
method. Hydrodynamic forcing is derived from Dargahi 
modeling of the Baltic Sea using GEMSS and aggregated for the 
GoF sub-basin. The flows are updated for every time step and 
transports is assumed to be finished within the time step, which 
is one day in this study. The flow direction is determined by the 
time-dependent variables in each time step. 
Hydrodynamics is very important for the model because it 
drives the transport of nutrients and affect their availability in 
different layers for algae growth. Colder inflow can create 
strong bottom water flow and upflow. Vertical mixing can also 
be caused by unstable stratification due to the variance of 
temperature in different layers, especially in the winter. 
Processes like these result into the upflowing of nutrients, 
especially phosphorous, into the surface layer and enhance the 
eutrophication state (Vigouroux G, 2014). 
Density is another driving force of flow mixing. The density of 
water is determined by temperature, pressure and salinity. 
Saltiness is low and increases from east to west in the GoF, 
while fresh water from rivers (like Neva) in the west entering 
the GoF. 
The GoF is separated into surface water, deep water and 
volatile sediment. Each part is treated as a fully-mixed and 
homogeneous box respectively. There are influences from the 
attached rivers, like Neva River, to the surface water, from 
Baltic Proper to the surface water and deep water, and 
effluences from surface water and deep water to the Baltic 
Proper. Inside the GoF, there is also a circulation transporting 
water from the surface water to deep water, and back to surface 
water depending on the condition. Thus those time-dependent 
variables, like plankton, detritus, nutrients and oxygen, are 
transported following these flows. 
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2.2.2    Kiirikki model  
One way of investigating water quality problems, such as 
eutrophication, is constructing water quality simulation models 
describing physical, chemical and biological processes in the 
water by quantitative understanding. Kiirikki model, a model 
considers the internal loading of nutrient, is applied in this study 
with its latest alternatives (Kiirikki et al., 2006). 
The Kiirikki model is a simple ecosystem and sediment model. 
The structure of the sediment module and main processes are 
shown in Fig. 3. In the model DET is the variable of detritus 
that has Redfield ratio (41:7.2:1) of carbon, nitrogen and 
phosphorus. During mineralization process it is assumed that 
DET releases DIP, DIN and CO2. Some of the DET can go 
through denitrification process that releases N2 to the air and 
both mineralization and denitrification processes are considered 
with equal speed (according to the time step). Process 6 refers 
to the phosphorus binding process due to the high ability of 
Ferric iron (Fe(III)) to bind phosphorus. Process 7 refers to the 
internal P loading of phosphorus released from Fe sulphates to 
DIP resulting from losing the P-binding ability due to the 
conversion from Fe sulphates to Fe sulphides , and this process 
is based on the anoxic condition. In process 3 there is a sinking 
velocity described as the speed of detritus going down to the 
sediment layer. Detritus is also being consumed and 
transformed into DIN, DIP and CO2. 
Mineralisation of organic matter (process 4 in Figure 3) is an 
important process contributing to the dynamics of the model, 
which controls the cycle of nutrients between the sediment and 
the water. Sediment is usually consumed by organisms with O2 
depletion in its surface, which leads to the increase of DIN, 
DIP and CO2. Consequently this will lead to the reduction of 
Fe (III) oxide bound phosphorus and SO42-, and then the 
concentration of DIP will increase further because of this 
process. CO2 is also an important factor because it acts as a 
symbol of aerobic/anoxic state determiner. When its 
concentration is higher than a critical point, the model assumes 
the sediment is totally depleted of oxygen by organisms 
(Kiirikki, 2001).    

 

Fig  2: Subsystems’ setup and the structure of flows. 
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Equations describing these processes can be found in the 
Appendix.  From these equations it can be seen that there are a 
lot of limiting factors constraining the grow rate of 
phytoplankton, such as radiation, temperature, concentration of 
nutrients and competition inside the species. The 
concentrations of nutrients are influenced by influent and 
effluent of this basin, the phytoplankton, the detritus and their 
own internal loading. Detritus is another important component 
to be calculated. 
Figure 4 shows the structure of the ecosystem module. 
Cyanobacteria and other algae are influenced by temperature 
and solar radiation, as well as taking DIN and DIP from the 
water. Cyanobacteria also utilize N2 as a nitrogen source. When 
phytoplankton dies, they are transformed into C, P and N in 
Redfield ratio (Redfield, 1958) and stored in the detritus.  
This model considers cyanobacteria and other algae as two 
group of phytoplankton. The difference between them is 
cyanobacteria having the ability to fix atmospheric N2 and 
transform it into DIN. Therefore, the other algae will have 
stronger advantage over cyanobacteria when DIN and DIP are 
sufficiently available. If there is limited amount of DIN in the 
water, then cyanobacteria will gain its advantage. The loss rate 
of phytoplankton is defined as a temperature dependent rate 
but cyanobacteria has a smaller value since it tend to be avoided 
by grazer due to its toxicity property. Then the dead biomass 
will add to the detritus by the way of N, P and C according to 
the Redfield ratio.  

 
 
 
 

Fig  3: Structure of the sediment module. 
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Other relevant processes include the denitrification of sediment 
N into N2 and eventually going into the air, the sinking of 
sediment and Fe (III) oxide bound phosphorus to the bottom 
of GoF and buried sediment (considered not active).  
Kiirikki model is used on the scale of Baltic Sea, which is not 
homogeneous and separated into a lot of sub-basins by sills in 
the deep layers. Each sub-basin is separated into a surface layer, 
deep layer and a volatile sediment layer. This is described in 
detail in section 2.2. In this study only the Gulf of Finland is 
focused on, therefore only the hydrodynamics concerning this 
sub-basin will be considered. It is an advantage to have a more 
compact model to run multiple simulations, which is 1650 (32 
parameters and 50 trajectories) in this case (will be explained in 
section 2.4.1). 
Then we talk about the parameters selection of model for this 
study (Appendix II). 
Before conducting sensitivity analysis, the pre-understanding of 
the parameters is required with the help of Appendix, so that 
the efficiency of this study can be achieved.  
Amax, Amin, and Cmin: These limit the growth rate of 
phytoplankton biomass so they are considered to be interesting. 
aTmuC, aTmuA, aTR, aTbeta, aTgamma, aTmu, ToptmuC, ToptmuA, ToptR, 
Toptbeta, Toptgamma and Toptmu: There are coefficients and optimal 
temperatures that affect the temperature limiting factors and 
thus influence the growth and loss rate of phytoplankton, as 
well as the mineralization rate and decaying rate of detritus. 
Ccr: Since it is an important parameter influencing the CO2 flux, 
its sensitivity is expected to be high and should be interested to 
analyze. 

Fig 4: Structure of the ecosystem module of Kiirikki model. 
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KPC, KIC, KNA, KPA and KIA: These parameters are important 
for the growth rate of phytoplankton so they should be 
assessed. 
RCmax, RAmax, muCmax (µCmax), muAmax (µAmax), beta0 (β0), 
gamma0 (γ0) and mumax (µmax): They respectively affect the loss 
rate of cyanobacteria and other algae, the growth rate of  
cyanobacteria and other algae, the mineralization rate of 
nitrogen and phosphorus, and the decaying rate of detritus. 
sed_rate: This parameter influences the transport of nutrients. 
tau (τ): It affects the availability of N, C and Fe bounded P 
according to the definition. 
frdn and frp: in previous study, the values of these two 
parameters are considered to be equal. Since they are important 
parameters influencing the DIN and DIP fluxes separately their 
sensitivity should be analyzed. 
NinA , PinA, CinA, Gammapin (γPin) and KNC: These parameter are 
proven to be reliable so they are not selected for assessment 
(Redfield 1958)( Kiirikki, 2006)( Tyrrell 1999). The model 
variables are presented (table 1) as below: 

Table 1: Model variables. 
Symbol Description Unit 

cC Areal density of cyanobacteria (wet weight) g*m-2 
cA Areal density of other phytoplankton (wet weight) g*m-2 
cDIN DIN in water mg*m-3 

cDIP DIP in water mg*m-3 
cNdet Detritus N in water mg*m-3 
cPdet Detritus P in water mg*m-3 
cCdet Detritus C in water mg*m-3 
LDIN DIN load mg*m-3*d-1 

LDIP DIP load mg*m-3*d-1 

LC Carbon load mg*m-3*d-1 
cPfe Chemically bound phosphorus in water mg*m-3 
NV N in volatile sediment mg*m-2 
NS N in stabile sediment mg*m-2 
PV P in volatile sediment mg*m-2 
PS P in stabile sediment mg*m-2 
CV C in volatile sediment mg*m-2 
CS C in stabile sediment mg*m-2 
PfeV Fe bound phosphorus in volatile sediment mg*m-2 

2.2.3    Data 
The data setup of the model includes hydrodynamics (explained 
in Appendix II), initial condition and boundary condition. 
The relevant parameters and forcing variables are presented in 
Appendix II. Among them I (solar radiation), LDIN (DIN 
loading) and LDIP (DIP loading) are hydrodynamics parameters 
and the rest are forcing parameters for the model. The solar 
radiation is obtained from the SMHI STRÅNG database 
(SMHI, 2014) and the load of DIN, DIP is from HELCOM 
(HELCOM 2009 a). Variables in figure 2 are updated for every 
time step and the renewed states are assumed to be finished 
within the time step. The hydrodynamics process and data 
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Table 2: Hydrodynamic parameters and forcing variables. 
Symbol Description Unit 

b1 Height of surface layer m 
b2 Height of deep layer m 
V1 Volume of surface layer m3 

V2 Volume of deep layer m3 
Qup Upward flow m3*d-1 

Qdown Downward flow m3*d-1 
T Temperature 0C 
I Solar radiation MJ*m-2*d-1 
LDIN DIN loading mg*m-3*d-1 
LDIP DIP loading mg*m-3*d-1 
Ice Boolean describing the presence or not of ice - 
Sed Boolean describing the presence or not of sediment, 

depending on the bottom velocity 
- 

come from the Dargahi researches (Dargahi, Bijan and Vladimir 
Cvetkovic, 2014), while initial condition and boundary 
condition are taken from the Baltic Sea simulation of Vigouroux 
(Vigouroux, G, 2014) 

2.3    Sensitivity analysis 
In sensitivity study, control group and experiment group is 
coupled as only the target parameter is different between them. 
In this study, most of the model’s parameters (32 out of 37) are 
going to be assessed for their sensitivity level so that a method 
suitable for generating multiple parameters matrix should be 
considered. Morris factorial sampling plan  (Max D. Morris, 
1991), known by its economic sampling design, is adopted in 
this case because it requires less computation since an 
experiment group for one parameter can be used as a control 
group of another parameter. 
However, there are some other methods, for instant Sobol and 
FAST (Sobol, 2001), which require higher computation and less 
assessment parameters, but produce smaller variance. For rather 
complex model, they can compute global sensitivity indices by 
using Monte Carlo methods to estimate the influence of 
individual variables or groups of variables on the model output. 

2.3.1    Morris’ factorial sampling plan 
Sampling of parameters is the key of this study and the Morris’ 
factorial sampling plan (Max D. Morris, 1991) is applied to 
generate 100 initial parameters groups, each of which contains 
(n+1) set of parameters (n is the number of parameters that 
selected to be tested in this study).  

Table 3: An example of the Morris sampling plan. 
 0 1 2 3 4 5 

0 0.0 0.0 0.0 0.0 0.0 0.0 
1 0.0083333… 266.66666… 1.1079775… 1.0004641… 1.0398107… 1.3333333… 
2 0.0116666… 266.66666… 1.1079775… 1.0004641… 1.0398107… 1.3333333… 
3 0.0116666… 400.0 1.1079775… 1.0004641… 1.0398107… 1.3333333… 
4 0.0116666… 400.0 1.1847849… 1.0004641… 1.0398107… 1.3333333… 
5 0.0116666… 400.0 1.1847849… 1.01 1.0398107… 1.3333333… 
6 0.0116666… 400.0 1.1847849… 1.01 1.1 1.3333333… 
7 0.0116666… 400.0 1.1847849… 1.01 1.1 1.6 

- 11 - 
 



Daorui Lin                                                                                          LWR-EX-2015:28 

The advantage of this sampling plan is its economic design 
which means most of the runs can be used to compute more 
than one elementary effect. From table 3 it can be seen that 
there is only one parameter varying between two lines, 
therefore, n elementary effect can be computed from n+1 set of 
parameters instead of 2n set. 
According to the purpose of this study, the Morris’ sampling 
plan is simplified and modified. The process of independent 
random sampling is explained below. 
p is defined as the number of grid between lowest and highest 
values and n is the number of parameters. Then we define 
△= p/(2p-2). b1, b2, b3… bn are assigned with value from 
{1/(p-1), 2/(p-1), 3/(p-1), …, △}, x1, x2, x3… xn are assigned 
with value from {0, 1/(p-1), 2/(p-1), 3/(p-1), …, 1-△} 
randomly with equal probability. l1, l2, l3,…, ln and h1, h2, 
h3,…, hn are respectively the lower and higher limit of the 
selected parameters n. Then it can be proven that (x1+b1), 
(x2+b2), (x3+b3),…, (xn+bn)∈{1/(p-1), 3/(p-1), 4/(p-
1),…,1}. In this study, p is defined to be 4.  
Defines the following elements: 
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Therefore values of the sampling can be restricted and be 
picked up within the given ranges. The values are assigned with 
equal probability to the sampling with the p grid. From the 
result matrix it can be seen that only one parameter is changed 
after one line, which can also be noticed in table 3 as an 
example.

 

2.3.2    Screening design 
Then improving the sampling strategy should be done by 
maximizing the distance between different parameters groups. 
The way of computing distance between trajectories m and l is 
shown in the following equations (Campolongo, 2007): 

 
where k is the number of input factors and Xim (z) means the 
zth coordinate of the ith point of the mth Morris trajectory. 
Therefore dml includes all of the geometric distances between all 
the couples of points of the two fixed trajectories m and l.  
However, to selected 50 trajectories with the biggest distances 
out of 100 requires too much memories (C10050 possible 
combinations) from computers, and it’s actually barely enough 
to select 4 out of 100 using this design. Therefore, another 
selection design is adopted to select 50 trajectories with their 
distances as big as possible out of 100 as a compromise.  
Firstly, 99 trajectories with biggest distances are selected by 
comparing C10099 combinations. Then 98 trajectories with 
biggest distances out of the selected 99 are selected. Step by 
step 50 trajectories with biggest distances out of the selected 51 
are selected finally. However, it doesn’t indicate that the 
selected 50 trajectories are considered to have the biggest 
distances out of 100 ones. 

2.3.3    Elementary effect method 
For the evaluation, EE (elementary effect) method (Max D. 
Morris, 1991) is adopted as the numeric representative to 
investigate the parameters’ sensitivities in terms of chosen 

- 13 - 
 



Daorui Lin                                                                                          LWR-EX-2015:28 

variables. Because there are 50 trajectories of contract 
experiments for each parameter, there will be 50 elementary 
effects, which are considered sufficiently large, for each 
parameter. For each parameter, their standard deviation (σ), 
mean (μ) and absolute mean (μ*) values are of interest to be 
investigate.  

2.4    Assessment indices 
For the evaluation, elementary effect is applied to generate 
assessment indexes. For a given sets of parameters X, define the 
elementary effect of the ith input as (Max D. Morris, 1991): 

∆−∆+= /)],...,,...,,(),...,,...,,([)( 321321 kikii xxxxxyxxxxxyxd
To evaluate the influence of parameter i change to variable j, for 
example the influence of Amin change to Cv, all the elementary 
effects of this variable through every time step of the simulation 
are considered and taken mean value of: 

( ) 31951
1

== ∑
=

Nxd
N

Ele
N

n
ijnij ，  

in which N is the number of step of the simulation (3195 in this 
study). With that set of parameters, an increase of i gives a 
decrease of j, and vise versa.  
As there are 50 trajectories of parameter samples exits in this 
study, the elementary effect of parameter i to one variable j is 
defined as the mean of its 50 elementary effects: 

50,1μ
1

== ∑
=

NEle
N

N

n
ijnij

 
With this index the overall trend of how parameter i influences 
variable j can be seen. Moreover the standard deviation (σ) of 
parameter i to variable j is defined as the standard deviation of 
its 50 elementary effects 

( ) ( ) ( ) ( )[ ] 50,μ...μμμ1σ 2
ij

2
ij3

2
ij2

2
ij1ij =−++−+−+−= NEleEleEleEle

N ijNijijij

σ is used to quantify the amount of variation or dispersion of a 
set of data values (Wikipedia –Standard deviation), in which 
smaller σ indicates the values are closer to each other (or their 
mean value), while a higher σ indicate a larger dispersion of a 
values set.  
According to Campolongo (Francesca Campolongo, Jessica 
Cariboni & Andrea Saltelli, 2006), μ* is defined as the absolute 
elementary effect: 

50,1μ
1

*
ij == ∑

=

NEle
N

N

n
ijn

 
μ* is a better representation than μ because it can avoid 
underestimation caused by the offset of opposite signs of effect 
when the relation between variable and parameter is non-
monotonic.  

2.5    Eutrophication indicators 
Based on the HELCOM ecological objectives and the MSFD 
(Marine Strategy Framework Directive) criteria for 
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eutrophication, HELCOM eutrophication core indicators are 
determined in table 4 (HELCOM 2009 a): 
Table 4 shows the HELCOM eutrophication core indicators 
from the CORE EUTRO process. The table indicates which 
HELCOM ecological objectives and MSFD criteria of 
descriptor 5 the core indicators can potentially address. Two 
biodiversity core indicators responding to eutrophication and 
used in the HELCOM eutrophication assessment have been 
added in parentheses. 
From the table above, several indicators are selected in this 
study. 
Winter mean value of concentration of dissolved inorganic 
nitrogen and phosphorous in the surface – DIN and DIP 
contribute directly to the growth of plankton therefore this 
indicator should be interesting to be investigated. Winter time is 
defined as from January to February every year. 
Mean value of phytoplankton during growing season – Here the 
level of phytoplankton concentration is of interest because it 
acts as an indicator for the concentration of chlorophyll a 
according to table .In the model, the concentration of 
phytoplankton equals to the concentration of cyanobacteria  
plus the concentration of other algae. 
Table 4: Core indicator of eutrophication from HELCOM 

2009a. 

 
Number of anoxic day during simulation – when the internal 
loading of carbon is higher than Ccr (critical point of CO2 flux), 
it means anoxic state has been created. Since pH level is too 
high for organisms to survive due to the depletion of Carbon by 
extensive photosynthesis, microbial deplete dissolved oxygen in 
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order to consume the dead organisms in the water, therefore 
the water becomes anoxic. It’s an important indicator for 
eutrophication phenomenon. 

3.    RESULTS AND DISCUSSION 
3.1    Results 

In figure 5 and 6, as introduced by Morris (1991), (σ, μ) and (σ, 
μ*) shows some differences. If use the original Morris method 
(σ, μ) in figure 5, a lot of μ are squeezed closed to zero but with 
large values of standard deviation, which is because of the plus 
cancellation between their positive and negative values as the 
relation between their parameter and variable is non-linear. In 
this case, it’s not appropriate to consider only the μ values, 
instead both μ and σ values should be considered together to 
explain the influence of the inputs to the outputs. The μ is not 
sufficient enough to detect the importance of inputs. Imagine 
having multiple inputs and outputs to be assessed, which are 
unlikely to be monotonous, μ value cannot show the variance 
of the model simulation.  
However, μ* preserves the variance of the model simulation as 
it makes every change into positive values and accumulates 
them, so it’s assumed to be better representation than μ to 
detect the importance of inputs to the outputs under analysis. 
But there is also loss of information on the expected sensitivity 
of variation of the indicator when the parameters change. 
From (σ, μ) and (σ, μ*), it can be seen that there are some 
important factors (9, 10, 24) remaining sensitive in most of the 
indicators, which are Cmin as the minimum biomass of 
cyanobacteria, CCr as the critical point of CO2 flux and Toptmu as 
the optimal temperature for detritus decaying. Despite of these 
big factors, there are some other big values from the following 
parameters: sed_rate (18), KIC (14), frp (32), ToptR (21) and aTmuC 
(3), which respectively mean the sinking velocity of detritus 
nitrogen and phosphorous, half-saturation coefficient of 
radiation for cyanobacteria, fraction of the mineralized 
phosphorous sediment flux that is chemically bound to Fe(III), 
optimal temperature for losses and coefficient for temperature 
limiting factor for the growth of cyanobacteria.  

3.2    Discussion 
Some parameters shown to have high sensitivity over the 
eutrophication indicators are discussed as followed: 
 

Table 5: The corresponding between parameters and numbers for 
Fig 5 and Fig 6. 

1 2 3 4 5 6 7 8 

Amin Amax aTmuC aTmuA aTR aTbeta aTgamma aTmu 
9 10 11 12 13 14 15 16 
Cmin Ccr KPC KNA KPA KIC KIA RCmax 
17 18 19 20 21 22 23 24 
RAmax sed_rate ToptmuC ToptmuA ToptR Toptbeta Toptgamma Toptmu 
25 26 27 28 29 30 31 32 
β0 γ0 µCmax µAmax µmax τ frdn frp 
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Cmin (9): It is obvious that Cmin has a big impact on 
phytoplankton during growing season and anoxic days in figure 
5(a)(b) and 6(a)(b). However, the consistency is not big, which 
means its elementary effects have both positive and negative 
values, and therefore the variance is very high. When Cmin 
increases, smaller loss rate (RC) of cyanobacteria is expected 
(can be seen in Appendix), which leads to the higher increase 
rate of cyanobacteria concentration in the growing season, 
followed by the increase of CO2 flux (more anoxic days).  
Ccr (10): Obviously this parameter has a large negative impact 
on anoxic days as it is a direct indicator of the number of anoxic 
days. There is another explanation of increasing CO2 flux 
caused by lower Ccr. Less Ccr results into more P internal 
loading, which contribute to higher DIP concentration and thus 
more phytoplankton growth rate. Then C in detritus (Cdet1) 
will increases due to higher cA and cC (the equation can be 
found in the Appendix), and consequently increases CO2 flux. 
Comparing its mean and absolute mean values of elementary 
effect it also shows its consistency and its variance is relatively 
small considering it has a big mean value. Moreover, it is also a 
consistently (comparing the mean and absolute mean value of 
its EE values) negative influence on both surface 
concentrations of DIN and DIP with relatively smaller 
variances.  
It also has a consistently negative impact on phytoplankton 
during growing season, which is quite obvious. Because with 
higher Ccr, the internal loading will decrease, which lead to 
smaller growth rate of phytoplanktons. 
Toptmu (24): This is the optimal temperature for sediment 
detritus decaying. It has a consistently negative impact on the 
surface concentration of DIN and DIP during the winter, 
which is quite similar to Ccr. However, it can also be seen that 
this parameter has larger variances over DIN and DIP in the 
winter.    
Optimal temperature for detritus decaying is also considered to 
be quite sensitive, but the iterations are more complex that no 
monotonous and linear relation can be detected.  
When the Optimal temperature for detritus decaying has some 
distance away from the value that is considered to be more 
realistic, there will be a general reduction of nutrients produced 
from detritus decaying, especially during the growing season. 
However, the control groups of parameter set are not always 
more closed to the true value than the experiment parameter 
set, so there are both positive and negative elementary effects 
for them in terms of the variables. This can be seen by 
comparing the difference between their μ* and μ. Therefore, it 
will be more sufficient to look at their μ* values to assess their 
sensitivity level. This parameter also couples strongly with the 
aTmu to determine the temperature limiting factor for detritus 
decaying, which can be seen from the relevant equation in the 
appendix, so the variance of aTmu will also influence the 
performance of Toptmu. 
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(a) 

 
(b) 
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(c) 

 
(d) 

 
 
 

Fig  5: Plot of σ versus μ for the Kiirikki outputs – phytoplankton 
concentration (unit: g*m -2) (a), anoxic days (unit: d) (a), surface DIN 
(unit: mg*m -3) (c) and surface DIP (unit: mg*m -3) concentrations(d). 
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(b) 
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(c) 

 
(d) 

 
 
 
 
 
 

Fig  6: Plot of σ versus μ* for the Kiirikki outputs –phytoplankton 
concentration (unit: g*m -2) (a), anoxic days (unit: d) (a), surface 
DIN (unit: mg*m -3) (c) and surface DIP (unit: mg*m -3) 
concentrations(d). 
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There are also some other parameters which are characterized 
by the outcomes to be sensitive and they are discussed as 
follow: 
sed_rate (18): This is the value has the highest standard 
deviation of EE values over the surface concentration of DIP, 
also quite high concerning DIN. As its mean and absolute mean 
values are not big (quite closed to 0), the result should be 
considered to be not sensitive. The high variance may come 
from the changing of other parameters, which means sed_rate 
may have very different performance of sensitivity under 
different setting of other parameters. 
ToptR (21): This parameter shows its consistent sensitivity over 
the biomass of phytoplankton in the growing season with 
relatively low variance. Therefore it is convincing to state that 
this parameter has a positive impact on the phytoplankton 
biomass. 
aTmuC (3): From relevant equation in the appendix,  it can be 
conducted that when aTmuC increases, f(T) for cyanobacteria 
decreases, which leads to the reduction of the grow rate of 
cyanobacteria. Consequently the water is less eutrophied, and it 
is more difficult to be anoxic. 
KIC (14): It can be seen by comparing the mean and absolute 
mean of its EE values that it has consistently negative impact 
over phytoplankton during growing season. According to 
relevant equations in the appendix, it has negative impacts on 
the limiting factors (fCI(I)), thus it has negative impact on the 
grow rate of cyanobacteria (μC). Therefore it has negative 
impact on phytoplankton. 
Some other parameters are also interested to look at, for 
instance frp (32). 

3.3    Uncertainty 
There exist a lot of uncertainty factors in this study limiting the 
outcomes to be consistent to our expectations. 
Morris sampling strategy: The Morris sampling strategy is 
famous of OAT (One factor At a Time), which is the economic 
design saving sample space to run the same number of 
simulation. However, it also has a disadvantage.  When 
calculating the elementary effects of one parameter, the control 
groups are different depending on the other parameters. 
Therefore, even with the same change of the parameter, the 
outputs’ changes are different. The consequence of this 
phenomenon is raising the variance of EE, and even changing 
the consistency of the sensitivity information of the target 
parameter (Morris, 1991). 
Too many parameters involved: This factor couples with the 
first one. With so many parameters involved to be assessed, the 
differences of the control groups are far too big, which leads to 
big variance, as well as losing consistency of the EE values. 
Limited indicator: Due to limited indicator to be evaluated, the 
assessment of the target parameter may not be sufficient 
enough to have an overall knowledge of its sensitivity level.  
Value of p: in the Morris method, p value is the number of grid 
between parameters’ highest and lowest values. When p is 
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higher, there exits smaller changes of parameters between 
adjacent lines of samplings, which may accidently cause much 
bigger EEs on parameters which have high sensitivity level in 
small range but inert in large range. Therefore, p can be a big 
uncertainty element in this study. 

4.    CONCLUSION 
From the results and discussion, some parameters are identified 
to be possibly sensitive for the eutrophication indicators. 
Among them there are Cmin, Ccr, Toptmu, sed_rate, KIC, frp, ToptR, 
aTmuC and so on. But concerning the feature of the Morris 
method, it is not very confident to state their sensitivity level. 
Instead it is convincing to indicate that those parameters with 
small elementary effect and standard deviation are not sensitive. 
Therefore, Morris method is good to rule out parameter with 
low influence. 
The results fulfills the objectives of identifying possibly 
sensitive parameters and screening parameters that appear to be 
not sensitive by the Morris method in terms of the 
eutrophication indicator (table 4). However, there are also some 
restrictions as mentioned in section 3.3 that the results have 
bigger variance because of the method as well as the large 
amount of selected parameters. They are also influenced by the 
p value and the target water quality (eutrophication in this 
study). 
The Morris method (Morris, 1991) is truly efficient to generate 
parameter samples but also raises a problem of increasing the 
variance of the outputs. By applying the EE (elementary effect) 
as assessment indexes and some eutrophication indicator from 
HELCOM 2009a, a general and initial sensitivity analysis is 
conducted. However, with some uncertainty factors, the results 
are not as convincing as expected.  
There are some other methods, such as Sobol or FAST (Sobol, 
2001), could be alternatives to applied for further investigation 
based on this study. When these methods with high 
computational cost are applied, smaller amount of parameters 
should be assessed in order to reduce the amount of 
computation. Therefore, with the initial screening of non-
sensitive parameters in this study, further investigation of the 
possibly sensitive parameters by more precise and non-
economic sampling strategies is needed to truly identify their 
sensitivity level to the eutrophication indicators (table 4). Based 
on reliable sensitivity analysis, further measurement or 
calibration of the identified parameters can be conducted and it 
will contribute to calibrating a better model to predict the 
eutrophication problem in the Gulf of Finland (GoF) and 
provide references for policy decision about eutrophication 
problems. 
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APPENDIX I 
Equations 
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Functions 
Rates 
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APPENDIX II 
Symbol Definition Reference Value & 

range 
Unit 

Amin The minimum biomass of algae Kiirikki, 2001 0.01(0.005-
0.015) 

g/m2 

Amax The maximum total biomass of algae Kiirikki, 2001 300(200-
400) 

g/m2 

aTmuC Coefficient for temperature limiting factor 
for the growth of cyanobacteria 

Kiirikki, 2001 1.14 
(1.063-
1.316) 

 

aTmuA Coefficient for temperature limiting factor 
for the growth of algae 

Kiirikki, 2001 1.001 
(1.0001-

1.01) 

 

aTR Coefficient for temperature limiting factor 
for the losses 

Kiirikki, 2001 1.05(1.025-
1.1) 

 

aTbeta Coefficient for temperature limiting factor 
for detritus nitrogen mineralisation 

Garber 1984 1.31(1.2-1.6)  

aTgamma Coefficient for temperature limiting factor 
for detritus phosphorus mineralisation 

Garber 1984 1.6(1.2-2)  

aTmu Coefficient for temperature limiting factor 
for detritus decaying 

Autio, 1992 1.3(1.1-1.5)  

Cmin minimum biomass of cyanobacteria Kiirikki, 2001 0.5(0.2-2) g/m2 

Ccr critical point of CO2 flux Kiirikki, 2006 200(150-
470) 

mg C*m-2*d-1 

KPC half-saturation coefficient of DIP for 
cyanobacteria 

Kononen & 
Leppänen 1997 

2 
(1-3) 

mg/m3 

KNA half-saturation coefficient of DIN for algae Kiirikki, 2001 7(3-11) mg/m3 

KPA half-saturation coefficient of DIP for algae Kiirikki, 2001 1(0.5-1.5) mg/m3 

KIC half-saturation coefficient of radiation for 
cyanobacteria 

Kiirikki, 2001 20(10-30) MJ*m-2*d-1 

KIA half-saturation coefficient of radiation for 
algae 

Kiirikki, 2001 15(5-25) MJ*m-2*d-1 

RCmax Maximum loss rate of cyanobacteria Kiirikki, 2001 0.15(0.05-
0.45) 

d-1 

RAmax Maximum loss rate of algae Kiirikki, 2001 0.25(0.125-
0.5) 

d-1 

sed_rate Sinking velocity of detritus nitrogen and 
phosphorus 

Heiskanen and 
Tallberg, 1999 

1.75 
(0.5-3) 

m/d 

ToptmuC Optimal temperature for the growth of 
cyanobacteria 

Kononen & 
Leppänen 1997 

25 
(16-28) 

 

0C 

ToptmuA Optimal temperature for the growth of 
other algae 

Kiirikki, 2001 15 
(10-20) 

0C 

ToptR Optimal temperature for losses Kiirikki, 2001 25 
(10-30) 

0C 

Toptbeta Optimal temperature for detritus nitrogen 
mineralization 

Garber 1984 18 
(9-27) 

0C 

Toptgamma Optimal temperature for detritus 
phosphorus mineralisation 

Garber 1984 18 
(9-27) 

0C 

Toptmu Optimal temperature for detritus decaying Autio, 1992 18 
(9-27) 

0C 

beta0 
(β0) 

Maximal detritus nitrogen mineralisation 
rate 

Garber 1984 0.018 
(0.009-
0.027) 

d-1 

gamma0 
(γ0) 

Maximal detritus phosphorus 
mineralisation rate 

Garber 1984 0.043 
(0.022-
0.065) 

d-1 
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muCmax 
(µCmax) 

Maximal growth rate of cyanobacteria Kiirikki, 2001 0.8 
(0.4-1.2) 

d-1 

muAmax 
(µAmax) 

Maximal growth rate of algae Olli et al. 1996 1.1 (0.55-
1.65) 

d-1 

mumax 
(µmax) 

Maximum decaying rate of detritus 
nutrients in active sediment layer 

Pett, 1989 0.04 (0.005-
0.05) 

d-1 

tau 
(τ) 

Loss rates for active sediment N, C and Fe 
bound P to stable sediment 

Pett, 1989 0.0001 
(0.00005-
0.0002) 

d-1 

frdn Fraction of the mineralized nitrous 
sediment flux that is denitrified and exits 

the system as N2 

Kiirikki, 2006 0.7 
(0.4-0.9) 

 

frp Fraction of the mineralized phosphorous 
sediment flux that is chemically bound to 

Fe(III) 

Kiirikki, 2006 0.6 
(0.3-0.9) 

 

NinA Nitrogen in algae and cyanobacteria Redfield 1958 0.0193  

PinA Phosphorous in the other algae Redfield 1958 0.00268  

CinA Carbon in the other algae Redfield 1958 0.10988  

Gammapin 
(γPin) 

Ratio between mineralised detritus 
phosphorus and phosphorus load from 

Fe(III) oxide bound compounds 

Kiirikki, 2006 3.75 

 
 

KNC Half-saturation coefficient of DIN for 
cyanobacteria 

Tyrrell 1999 0 mg*m–3 

Model parameters used in this study(Mikko Kiirikki, Arto Inkala, Harri Kuosa, 
Heikki Pitkänen, Minna Kuusisto & Juha Sarkkula, 2001) (Mikko Kiirikki, Jouni 

Lehtoranta, Arto Inkala, Heikki Pitkänen, Susanna Hietanen, Per O.J. Hall, 
Anders Tengberg, Jorma Koponen & Juha Sarkkula, 2006). The ranges are 
determined manually in the sampling process to avoid unreal parameters. 
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