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Coastal waters are those most affected by terrestrial runoff, and they can be considered hot
spots of carbon and nutrient enrichment as well. However, despite nutrient loading is a
popular topic for research, there are not enough studies that are dealing with the sources
of nutrient loading and coastal filter function. The aim of my bachelor’s thesis was to create
a map based on the model for non-point source pollution analysis for Raseborg, Hanko and
Inkoo areas. The map shows areas that are important for water quality and may be

considered as requiring increased attention from environmental managers.

The model that was used in risk-map production is a simplified USLE (universal soil loss
equation) model. It is possible to use it, because the hydrological processes for erosion and
the transportation of water pollutants/sediments are basically the same. The model is
designed to predict the total suspended solids (TSS) and total phosphorus (TP) loads and

highlight the areas on land, runoff from which is critical for the water quality.

All the data for the risk-map production was taken from publicly open sources. ArcGIS Pro
was used for processing data and model implementation. The final map shows us good
results in identifying risk areas and proving that the model is valid. The resulting map can
already be used by environmental management, however, with updated coefficients for

land use, especially for forestry, the identification of risk areas could be even more precise.
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1. Introduction
Coastal waters are those most affected by terrestrial runoff. Such runoff from land is one of

the most important factors that influence water quality and thus all aquatic life.
Eutrophication is also one of the consequences of terrestrial runoff, which enriches coastal
waters with carbon and nutrients. It results in hypoxic waters (low oxygen concentration),
abnormal bloom of algae, disturbance of ecosystem balance and death of different animal
species (National Ocean Service, 2023). According to the latest HELCOM integrated status
assessment that was conducted from 2011 to 2016, at least 97% of the Baltic Sea was

classified as eutrophicated (HELCOM, 2018).

However, coastal areas vary a lot in their properties and pollution vulnerability level. The
limitations also come in the way that the terrestrial runoff is not a point-source pollution,
but a non-point source. Non-point pollution sources are much harder to identify and assess
their degree of influence. Runoff from land can go into the sea in any place along the
shoreline, not only from rivers, ditches, and creeks — it is called diffuse loading. In its turn,
rivers flowing into the sea can receive their terrestrial loading from anywhere along their
banks. On the same basis, the transport, retention, transformation and removal of the
pollutants are determined by complex patterns of mixing, flushing and currents (Asmala et

al., 2017).

Another indicator of how important it is to identify the exact areas of runoff is the fact that
despite different water protection measures took place, the trend analyses in 1995-2016
showed that nutrient export from Finnish rivers has not substantially decreased, and even
increased in some areas due to the changes in temperature and precipitation, and ditching
of peatlands (Raike et al., 2020). The other fact is that point sources are responsible only
for less than 15% of the Finnish nutrient inputs to the Baltic Sea, meaning that the other

85% is non-point sources which are difficult to identify (Raike et al., 2020).

So, the question is how is it possible to identify non-point sources of pollution and to
estimate what areas should be considered the riskiest in terms of possible loading of carbon

and nutrients with runoff?



2. Objectives

The aim of my bachelor’s thesis was to create a map, that that highlight the areas on land
from where most terrestrial loading is contributing to bad water quality in the coastal areas
of Raseborg, Hanko and Inkoo municipalities. In order to conduct an analysis of non-point
pollution sources it is possible to look at the different properties of coastal land areas and

assess their influence on terrestrial runoff by modeling.

After the runoff hot spots are identified, their relation to the water quality will be briefly
assessed by combining the runoff map with the interpolated maps of several parameters
(such as fDOM and turbidity), acquired from high-resolution water monitoring campaigns
of the “Havsmanualen” project, conducted by Pro Litore ry, the company where | had my

internship.

3. Materials and methods

3.1 Runoff risk modelling
The model that was used to create a runoff risk map of critical for water quality areas was

developed by Ake Sivertun and Lars Prange (2003). The hydrological process for erosion
and the transportation of water pollutants is basically the same, therefore it is possible to
use the simplified USLE (universal soil loss equation) model to estimate the load of the total
suspended solids (TSS) and total phosphorus (TP) (Sivertun and Prange, 2003). These
variables are the most important to estimate as the pollution from agricultural fields, which
are treated with different types of fertilizers, was always considered to be the most
contributing to nutrient loading and therefore eutrophication. Moreover, suspended solids
in general play a significant role in carrying pollutants such as phosphorus in streams (Villa

et al., 2019).

The original Universal Soil Loss Equation (USLE) was developed by W.H. Wischmeier and
D.D. Smith, and first published in 1965, then followed by an updated version in 1978 (US
Department of agriculture, 2016). It is a model that aims to describe the process of erosion.
Basically, USLE is able to estimate average annual soil loss by sheet and rill erosion, and it is
not used for the areas of the slopes where the deposition process is taking place (FAO UN,

2023). There are several other models that were derived from the original model of W.H.



Wischmeier and D.D. Smith version 1978. For example, models like Revised USLE - RUSLE
(Renard et al., 1991) and Modified USLE - MUSLE (Hensel and Bork, 1988).

However, such erosion models are usually complicated and require special software and
accurate data, while in applied research it is valuable that the method allows making
computations quickly enough with accessible software and data, so the results could later
be used in the solution to the actual problem. Therefore, it is possible to use a simplified
version of a model which will still highlight the critical areas that are more likely to be in
need of targeted environmental management actions, and that would be at some point

more effective and reasonable than using a heavy and slow model.

A simplified USLE model that | used in my analysis was first developed by Sivertun et al. in
1988, and then updated in 2003. The resulting map is based on four factors, and despite it
does not tell anything about the precise pollution load, it is still able to highlight the areas
with high risk of erosion and significant impact on water quality (Sivertun and Prange,

2003).

The formula for the model looks like:

P=K*S*W*U (1)

where,

P — resulting runoff risk map

K — soil factor map

S —slope length and steepness factor map
W — watercourse factor map

U — land use factor map

This updated model was verified in the Svarta river basin in Ostergdtland in Sweden by 1-
year measurement program, and the model produced reliable results, as “the correlation
between estimated load of suspended soils and the amount of critical areas was between
91 and 95%, and the correlation between the estimated load of phosphorus and the critical

area size was 98%” (Sivertun and Prange, 2003).



3.2 High-resolution water monitoring data
In order to get a visual representation of the relations between modelled risk areas and

the actual parameters related to water quality, the resulting risk map was combined with
data from the “Havsmanualen” project, conducted by Pro Litore ry. The project started in
2018 and made it possible to collect high-resolution water monitoring data in Southwestern
Finland (Fig.1). The data is collected with a flow-through system of sensors installed on the
boat. Numerous parameters are recorded every 5 seconds, while the boat is moving at
approximately 20 knots speed. The transect of 1,200 km within the project Havsmanualen
is surveyed once a month (during the whole non-ice period), which results in about 150,000

observations each year (Scheinin, Asmala, 2020).

Table 1. A list of recorded variables within the project Havsmanualen.

Water sensors (0.5m depth)

Surface sensors (installed on the boat)

Chlorophyll a

Air pressure

Phycocyanin

Air humidity

Turbidity

Air temperature

fDOM (Fluorescent Dissolved Organic Matter)

PAR (Photosynthetically Active Radiation)

Oxygen

pH

Conductivity

Temperature

Carbon Dioxide

Methane
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Fig.1. The route of Havsmanualen project, Pro Litore.

The resulting runoff risk map was combined with fDOM QSU measurements done at the
beginning of June 2021, and Turbidity FNU measurements from the same sampling
occasion. The interpolations for the variables were done using Diffusion Interpolation with

Barriers (Geostatistical Analyst) tool in ArcGIS Pro.

Dissolved organic matter (DOM) is a complex composition obtained mainly from the
products of the decomposition of plants and bacteria (United States Geological Survey,
2023). It acts as a reliable indicator of the changes in ecological processes (Bolan et al.,
2011). fDOM is a Fluorescent Dissolved Organic Matter, and it refers to the fraction of
Coloured Dissolved Organic Matter (CDOM) that fluoresces (YSI, 2023). Moreover, there is
a connection between flow and discharge, and fDOM concentrations in water bodies (Xylem
Analytics Australia, 2023). All in all, fDOM measurements are one of the ways of fast means

of analysing DOM concentrations in water bodies.

Turbidity is a measure of the relative clarity of the water (United States Geological Survey,
2018). Different particles inside water make it turbid. The particles could be small parts of
algae and plants, dissolved organic matter (DOM), parts of soil, phytoplankton, and

zooplankton, etc.



Both fDOM and turbidity have a direct connection with general water quality and could be
combined with the risk map that shows estimates of the total suspended solids (TSS) and

total phosphorus (TP) loads for visual comparison.

4. Procedure for creating a runoff risk map

4.1Soil factor map
The first step is to download the publicly available data with the soil type information. For

Finland, the open data is “Superficial deposits of Finland 1:200 000 (sediment polygon)”
produced by the Geological Survey of Finland (GTK). It comes in vector format and contains

the data for the whole Finland for the years 2002-2009.

The link for the dataset: https://hakku.gtk.fi/en/locations/search?location id=3

The mapping scale has been 1:50 000 — 1:200 000, and the minimum size of the sediment
polygons is about six hectares (Geological Survey of Finland, 2018). The dataset comes in

Finnish, therefore the translation to English is needed to be done.

Name_Eng ] Rocky outcrop

| Bogland [ | Sludge
| Clay M stones -
[ | Coarse-grained soils M Thick layer of peat i
I fine-Grained Soil-Slurries I Thin fayer of peat
‘5 ] Fine-grained soils [ luncharted
Bt | Mixed soil type \:|Water
- I Rocky ground 0 < other values>

Fig.2. The map of the superficial deposits with Havsmanualen project monitoring route.


https://hakku.gtk.fi/en/locations/search?location_id=3

In the article with the original model created by Sivertun and Prange (2003) the data from
the Swedish Geological Survey (SGU) was used, and, of course, the names of the soil types
were different (Table 2). However, it is possible to link Swedish classification and naming to

the Finnish one and assign the USLE coefficients.

Table 2. Classification of the soil map used by Sivertun and Prange (2003)

Soil type (Swedish) Soil type (English) GIS_real
Moréin Till 0.380
Vatten Water 1.000
Berg Rock 0.200
Lera Clay 0.450
Ovrigt Unknown 0.000
Organisk jordart Organic soil 0.300
Grus Gravel 0.200
Sand Sand 0.330
Silt Silt 0.380
Isdlvssediment, sand-block Glaciofluvial sand 0.330
Sten-block Stone blocks 0.200

The names of the sediments were translated to English and a new field in the attribute table
with the values of USLE classes was created. Table 3 and Fig.3 provide explanations of the

values chosen.

Table 3. The results of reclassification and assigning USLE values

Name Explanation Classification used | USLE
by Sivertun and

Sediments map Prange (2003)

Bogland Organic matter + 0.65
water
Soistuma (Tvs) RT

Clay Clays 0.45

Savi (Sa) RT




Coarse-grained It is difficult to distinguish | The mean value of | 0.265
soils between sand and gravel. | sand and gravel is
Coarse grained soils have used.
Karkearakeinen good drainage qualities.
maalaji, There is no volume change
padlajitetta ei with change in moisture
selvitetty (KY) RT | condition.
Fine-Grained Soil- | Silty fine-grained soil type | Silt 0.38
Slurries
Liejuinen
hienorakeinen
maalaji RT
Fine-grained soils | It is difficult to distinguish | The mean value of | 0.415
between silt and clay. Fine | silt and clay is
grained soils have a poor used.
Hienojakoinen load bearing capacity. Fine
maalaji, grained soils are nearly
paalajitetta ei impenetrable in nature
selvitetty (HY) RT | because of its small size of
particles.
Mixed soil type Mean value of silt, | 0.34
clay, sand and
Sekalajitteinen gravel is used.
maalaji,
paalajitetta ei
selvitetty (SY) RT
Rocky ground Gravels/hard rock | 0.20
Kalliomaa (Ka) RT
Rocky outcrop Gravels/hard rock | 0.20
Kalliopaljastuma
(KaPa) RT
Sludge Organic substance p-% >20 | Clay + organic 0.375
matter
Lieju (Lj) RT
Stones Gravels/hard rock 0.20

Kivia (Ki) RT
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Fig.3. The visualization of sizes of particles in different types of soils. (Source:

elementaryengineeringlibrary.com, 2023)

The USLE classes were assigned using Arcade programming language, a lightweight

expression language that was created specifically for use in the ArcGIS platform (ArcGIS

Developers, 2023).

if (Sfeature.Name_Eng == "Bogland") {return "0,65"}

if (Sfeature.Name_Eng == "Clay") {return "0,45"}

if (Sfeature.Name_Eng == "Coarse-grained soils") {return "0,265"}
if (Sfeature.Name_Eng == "Fine-Grained Soil-Slurries") {return "0,38"}
if (Sfeature.Name_Eng == "Fine-grained soils") {return "0,415"}

if (Sfeature.Name_Eng == "Mixed soil type") {return "0,34"}

if (Sfeature.Name_Eng == "Rocky ground") {return "0,2"}

if (Sfeature.Name_Eng == "Rocky outcrop") {return "0,2"}

if (Sfeature.Name_Eng == "Sludge") {return "0,375"}

if (Sfeature.Name_Eng == "Stones") {return "0,2"}

if (Sfeature.Name_Eng == "Thick layer of peat") {return "0,3"}

if (Sfeature.Name_Eng == "Thin layer of peat") {return "0,3"}

if (Sfeature.Name_Eng == "Uncharted") {return "0"}

if (Sfeature.Name_Eng == "Water") {return "1"}

else {return "0"}

The last step is to convert vector layer to raster with the cell size 10*10 m., using USLE

field.
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4.2 Land use factor map
One of the most known and publicly available datasets for land cover which covers all EEA39

countries is Corine Land Cover dataset, produced within the frame of Copernicus Land

Monitoring (Copernicus, 2020). The last version was released in 2019 and revised in 2020.
The link for the dataset:

https://land.copernicus.eu/pan-european/corine-land-cover/clc2018?tab=download

In the article with the original model created by Sivertun and Prange (2003) different
datasets were combined together - the Landsat TM5 image made in 1998 and classified by
Metria Satellus, plus two datasets produced by the Swedish Board of Agriculture
Jordbruksverket (Sivertun and Prange, 2003). Therefore, the naming differs from Corine

Land Cover dataset (Fig.4) and the reclassification is needed.

Broad_leaved_forest WM construction [l port
B Coniferous_forest ~ WM disc.urban M road_rail A

[ Inland_marshes I dump I rocks
= 771 Mixed_forest I fruit [ Isand
T 71 Non_ir_arable [ green_urban [ sea
I Peat_bogs I industrial I water
& I Salt_marshes [_lleasure [~ woodland_shrub
L 4 2 0 4 8 12 16 B agr_nature . mine I <all other values>|
- . I airport ‘Tﬂmﬂl Land ;E af Finlanet Esr, HEAE, Garmin, METI/NASA, USGS

Fig. 4. Corine Land Cover (CLC) 2018, Version 2020_20ul with Havsmanualen project

monitoring route.


https://land.copernicus.eu/pan-european/corine-land-cover/clc2018?tab=download
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Table 4. Classification of the land use image used by Sivertun and Prange (2003)

Value GIS_value Class (English)
51 0.000 Water
61 0.010 Wetland, wet
62 0.010 Wetland, dry
71 0.005 Dense coniferous forest
72 0.005 Sparse coniferous forest
73 0.005 Deciduous forest
75 0.040 Cut forest
81 0.030 Urban area, dense
]2 0.030 Urban area, other
85 0.030 Urban area, one storey house
86 0.030 Urban area, industry
88 0.030 Urban area, public building
91 0.200 Bare rocks
3 0.100 Other open land

Table 5. The values for the land use factor map of the previous version of the model by Schein

(2001)

Land use (U)

Agriculture (exposed) 0.15
Agriculture (harvested) 0.10
Agriculture (perennial) 0.075
Agriculture (covered) 0.05
Clear, felled, pits, dump sites 0.04
Urban areas 0.03
Non-urban green 0.02
Grassland 0.01
Forests 0.005
Water 0.00

Both Tables 4 and 5 were used in order to assign the right classes to the Corine Land Cover

dataset. The resulting classes are shown in Table 6.

Table 6. USLE coefficients assigned to Corine Land Cover dataset.

Corine Land Cover New name USLE
Broad_leaved forest forest 0.005
Coniferous_forest forest 0.005
Inland_marshes wetland 0.01

Mixed_forest forest 0.005




Non_ir_arable agriculture 0.1
Peat_bogs wetland 0.01
Salt_marshes wetland 0.01
agr_nature agriculture 0.1
airport urban 0.03
construction urban 0.03
disc.urban urban 0.03
dump dump 0.04
fruit non-urban green 0.02
green_urban urban 0.03
industrial urban 0.03
leasure non-urban green 0.02
mine urban 0.03
pastures grassland 0.01
port urban 0.03
road_rail urban 0.03
rocks Bare rocks 0.2
sand other open land 0.1
sea water 0
water water 0
woodland_shrub non-urban green 0.02

The USLE classes were assigned using Arcade programming language:

if ($feature.Name == "Broad leaved forest") {return "0,005"}
if ($feature.Name == "Coniferous_forest") {return "0,005"}

if ($feature.Name == "Inland marshes") {return "0,01"}

if ($feature.Name == "Mixed forest") {return "0,005"}

if ($feature.Name == "Non_ir arable") {return "0,1"}

if ($feature.Name == "Peat _bogs") {return "0,01"}

if ($feature.Name == "Salt marshes") {return "0,01"}

if ($feature.Name == "agr nature") {return "0,1"}

if ($feature.Name == "airport") {return "0,03"}

if ($feature.Name == "construction") {return "0,03"}

14
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if ($feature.Name == "disc.urban") {return "0,03"}
if ($feature.Name == "dump") {return "0,04"}
if ($feature.Name == "fruit") {return "0,02"}

if ($feature.Name == "green_urban") {return "0,03"}
if ($feature.Name == "industrial") {return "0,03"}
if ($feature.Name == "leasure") {return "0,02"}

if ($feature.Name == "mine") {return "0,03"}

if ($feature.Name == "pastures") {return "0,01"}

if ($feature.Name == "port") {return "0,03"}

if ($feature.Name == "road rail") {return "0,03"}

if ($feature.Name == "rocks") {return "0,2"}

if ($feature.Name == "sand") {return "0,1"}

if ($feature.Name == "sea") {return "0"}

if ($feature.Name == "water") {return "0"}

if ($feature.Name == "woodland_shrub") {return "0,02"}
else {return "0"}

The last step is, as always, to convert vector layer to raster with the cell size 10*10 m.,
using USLE field.

4.3 Slope length factor map
In the last version of the model created by Sivertun and Prange (2003), the improved

version of LS factor is used, which was developed by Mitasova and Mitas (1999). “It takes
into account not only the steepness but also the slope length and the upstream water
contribution area and is suited to modelling the increased erosion in areas of concentrated

water flow” (Sivertun and Prange, 2003).

Firstly, the Digital Elevation Model (DEM) 10m was downloaded from the National Land

Survey of Finland (NLS) open data service.

The link to the dataset:

https://asiointi.maanmittauslaitos.fi/karttapaikka/tiedostopalvelu

Then it is needed to fill sinks in DEM by using the tool called “Sinks”, which is available with
Spatial Analyst license in ArcGIS Pro. Sinks or sometimes peaks are basically mistakes in the
data, because of the rounding of elevations or data resolution (Fig.5). “Sinks should be filled
to ensure proper delineation of basins and streams. If the sinks are not filled, a derived

drainage network may be discontinuous” (ESRI, 2023).


https://asiointi.maanmittauslaitos.fi/karttapaikka/tiedostopalvelu
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M filled sink

Fig. 5. lllustration of how the tool “Fill” in ArcGIS Pro works. (Source: pro.arcgis.com)

All water bodies (sea, rivers, lakes, etc.) should be clipped out from the raster. “They are
treated as water outflow and their removal avoids unrealistically high flow accumulation

values” (Sivertun and Prange, 2003).

Then itis needed to compute Flow direction raster and Flow accumulation raster. That could
be done by using Esri's ArcHydro extension for ArcGIS Pro or a normal Hydrology toolset

(Spatial Analyst). The next important step is a computation of Slope raster by using the tool

“Slope”, Spatial Analyst (Fig. 6).

=113
<14,04
Bl <16,7
Slope based on DEM 10m W<218

lus route W <30,96
P <45

M <90

B 3 0 6 12 18 24
™ ] Kilormeters.

Essi, Intermap, NASA, NGA, NLS, NMA, USGS; National Lane Survey of Finkand, Esri HERE Gasmin, Fourscuare, MET/NASA, USCS

Fig.6. A slope raster (in degrees) with Havsmanualen project monitoring route.
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The final formula applied through Raster Calculator looks like that:

Power("FlowAcc_fdr21"*10/22.1,0.6)*Power(Sin("Slope_Fill_d1"*0.01745)/0.09,1.3)*1.6

4.4 Watercourse factor map
The data for the watercourse factor map was taken from the National Land Survey of

Finland (NLS) open data service. The dataset can be accessed from the same link as the

Digital Elevation Model and has the name “Topographic map (vector), 1:100 000”.

The dataset comes as a vector file, so it is needed to choose 2 layers from it — “VesiViiva”
for the rivers and ditches, and “VesiAlue” for the coastal waters and lakes. Both layers

should be converted to raster with cell size 10m and combined.

The next step is to compute the distance of each cell to the water bodies. The “Euclidean

Distance” (Spatial Analyst) tool in ArcGIS Pro could be used for this purpose (Fig.7).

1 1 10 oD 00 140 20 30

1 14 &0 00 140 | 20 3a

22 14 14 1+ 22 32

20 | 22 | 20 22 2B | 3K

10 | 14 | 22| A2 | k6 | 42

& 0o | x| 24 30 40 540

[0 value = NoData

Source_Ras Euc_Dist

Fig. 7. The illustration of how “Euclidean Distance” tool works. (Source: pro.arcgis.com)

The final formula applied through Raster Calculator looks like that:

(Power((Exp("EucDist"*0.002))-0.4,-1))*0.6
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Fig.8. The example of how the resulting watercourse factor map could look like.

5. Risk map results
Four factor maps are combined by simple raster multiplication through Raster Calculator,

according to the formula (1).

The classification of the risk areas (4 classes) was made according to Sivertun and Prange
(2003), who stated that “Only areas with USLE values that are more than two standard
deviations above the mean value are classified as risk areas and areas with values between

one and two standard deviations above the mean value are called sub-risk areas”.

Table 7. The classification of the resulting raster.

Risk class Value
Low influence on water quality <0,01
Low-risk areas <0,1

Sub-risk areas <0,19
Risk areas >0,19
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Because the risk areas are quite small, and it is difficult to see them on a small-scale map,
buffers of 50m were created around each risk area (Fig.9). However, on large-scale maps

the original symbology without buffers were used (Fig.10 and Fig.11).

23°50' 24°

132

23°40'

=3
w
N N. [ ] Risk areas plus 50m buffer ?g
3
&
0 5 0 5 10 15 20
. Km
23° 23100 23°20° 23°30'  23°40'  23°50'  24°  24°10' | 24°20'

Fig.9. TSS and TP risk map with 50m buffer around risk areas for better visualization.



3°12'

Risk map
4™ < 0,01 No risk
< 0,1 Low risk
< 0,19 Sub-risk
<M > 0,19 Risk area [

23°16'

] < 0,1 Low risk
] < 0,19 Sub-risk
| | 0,19 Risk area |
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Fig.11. A risk map, showing a close-up of Dragsviksfjdrden area with original symbology.
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Statistics

Count 39732855
Minimum 0,00
Maximum 42 55
Mean 0,01
Standard deviation 0,05

Fig.12. Risk map raster statistics, acquired through ArcGlIS Pro.

6. Discussion and suggestions for further research
The resulting runoff risk map for the total suspended solids (TSS) and total phosphorus (TP)

loads was combined with the interpolated results for fDOM QSU and Turbidity FNU

concentrations for June 2021 for the visual comparison.

In general, it is possible to conclude that the simplified USLE model shows good results for
agriculture-dominated areas (Fig.13). This is an anticipated result as the coefficients in the
model created by Sivertun and Prange (2003) were calculated for the area in Sweden
(whose climatic conditions and ecosystem composition is not too different from Finland)

with quite a lot of agricultural activities.

However, in Figure 14 it is possible to observe that there are basically no risk areas produced
by the simplified USLE model with the used coefficients (very low weights assigned for
forestry, for example), although, we can definitely see that the bay on the southern side of

the Hanko peninsula (Taktbukten bay) receives a lot of runoff.



22

Turbidity FNU Risk map
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Fig. 13. USLE model with non-updated coefficients showing good results for agriculture-

dominated areas.
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Fig.14. Tiktbukten bay showing high and outstanding fDOM (QSU) values, presumably

because of forestry activities.
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However, as it was already said previously, the model does not calculate the exact amount
of nutrient loading or sediment loss, it only assesses the risk of a specific area on land to
influence water quality, considering its specific parameters (Sivertun and Prange, 2003). So,
the actual pollution of specific water bodies will depend on the intensity of agricultural
activities in the area, remediation practices that take place in this area, etc. Though, using
the resulting risk map it is possible, for example, to redistribute the use of fertilizers or

introduce more stringent thresholds for the use of fertilizers use for the identified risk areas.

Moreover, the quality of the resulting map fully depends on the resolution and accuracy of
the data that is loaded to the model. The higher the resolution of Digital Elevation Map is —
the more reliable Slope length factor map will be. The same goes for the rest of factor maps.
In our case the weakest point is, probably, land use factor map, because it is based on
CORINE Land Cover 2018 dataset, for which the thematic accuracy (mapped class compared

to what was in reality on land) is =2 85% (Copernicus, 2020).

There are also some other restrictions for the model that are important to keep in mind.
Firstly, the coefficients for the factor maps production are only valid for territories that have
similar properties with the territories where these coefficients were obtained. In our case
the coefficients were developed for the area in Sweden, which is morphologically very close

to one in Finland. Otherwise, the coefficients need to be recalculated.

Secondly, the model is only true for the erosive part and not for the accumulative part of
the slope (Sivertun and Prange, 2003). It is not possible to accurately calculate the material
balance (erosion versus accumulation) with the standard algorithms (Schauble, 1999), and
complicated GIS implementations and special software are used for that purpose. However,
such methods could be expensive, therefore for applied research and environmental
management it is usually enough to have the results of simplified models that are cheaper

and easier to execute.
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7. Conclusion
Coastal areas vary a lot in their properties and pollution vulnerability level. A sheltered and

shallow bay could be significantly different from a neighboring more exposed and deeper
zone, however, they both would be considered coastal areas. Coastal areas are like a
patchwork, not a uniform surface (Scheinin and Asmala, 2020). Therefore, it is quite difficult
to identify the source of pollution from land, especially if it is diffuse terrestrial loading,

which is a non-point source pollution.

Such models, like the described previously simplified USLE model, can contribute a lot to
the identification of such non-point source pollution risk areas. A far-reaching benefit of
creating a successful runoff risk model is that it could be easily applied in environmental
management, highlighting potential problem areas, and allowing the distribution of
resources and funding in cost-efficient manner. The actions on land should always be the
first step, so the subsequent water bodies restoration and conservation projects will be
successful. It is important to investigate the environmental drivers for the current state of
marine ecosystems, however, this cannot be done if the sea is considered as an isolated

domain without connections to land.

However, all models work better if the coefficients are created specifically for the area
where the model is going to be applied for. These coefficients could be updated through
water monitoring, and the accuracy of the coefficients will depend on the resolution of the
monitoring. Therefore, high-resolution water monitoring with a flow-through system of
sensors installed on a boat that can be driven through all small bays and flads — is a good
solution for getting very precise datasets that could be used for different purposes,

including the updating of runoff risk models.



25
. References

- ArcGIS Developers. ArcGIS Arcade, retrieved April 12, 2023.
https://developers.arcgis.com/arcade/#:~:text=Arcade%20is%20a%20portable%?2
C%20lightweight,text%2C%20and%20evaluate%20logical%20statements

- Asmala E., Carstensen J., Conley D.J., Slomp C.P., Stadmark J. and Voss M. (2017),
Efficiency of the coastal filter: Nitrogen and phosphorus removal in the Baltic Sea
Limnology and Oceanography, 62, 222-238.
https://doi.org/10.1002/In0.10644

- BolanS. N., Adriano C. D., Kunhikrishnan A., James T., McDowell R., Senesi N. (2011).
Chapter One - Dissolved Organic Matter: Biogeochemistry, Dynamics, and
Environmental Significance in Soils, Advances in Agronomy 110, 1-75.
https://doi.org/10.1016/B978-0-12-385531-2.00001-3

- Copernicus (2020). Corine Land Cover 2018.
https://land.copernicus.eu/pan-european/corine-land-
cover/clc2018?tab=metadata

- ESRI. ArcGIS Pro 3.1, How Fill works. Retrieved March 2, 2023
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/how-fill-

works.htm

-  Food and Agriculture organization of the United Nations. Universal Soil Loss
Equation. Retrieved March 2, 2023
https://www.fao.org/land-water/land/land-governance/land-resources-planning-
toolbox/category/details/en/c/1236441/

- Geological Survey of Finland (2018). Superficial deposits of Finland. Retrieved March
21, 2023
https://tupa.gtk.fi/paikkatieto/meta/maapera 200k.html

- HELCOM (2018). State of the Baltic sea - 2" holistic assessment 2011-2016.
http://www.helcom.fi/baltic-sea-trends/holistic-assessments/state-of-the-baltic-

sea-2018/reports-and-materials/

- Hensel, H., Bork, H.R., (1988). Computer aided construction of soil erosion and
deposition maps. Geol. Jahrb. A 104, 357-371.

- Mitasova, H., Mitas, L., 1999. Modelling Soil Detachment with RUSLE3d Using GIS.
Geographic Modelling Systems Laboratory, University of Illinois, Urbana—
Champaign.


https://developers.arcgis.com/arcade/#:~:text=Arcade%20is%20a%20portable%2C%20lightweight,text%2C%20and%20evaluate%20logical%20statements
https://developers.arcgis.com/arcade/#:~:text=Arcade%20is%20a%20portable%2C%20lightweight,text%2C%20and%20evaluate%20logical%20statements
https://doi.org/10.1002/lno.10644
https://doi.org/10.1016/B978-0-12-385531-2.00001-3
https://land.copernicus.eu/pan-european/corine-land-cover/clc2018?tab=metadata
https://land.copernicus.eu/pan-european/corine-land-cover/clc2018?tab=metadata
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/how-fill-works.htm
https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/how-fill-works.htm
https://www.fao.org/land-water/land/land-governance/land-resources-planning-toolbox/category/details/en/c/1236441/
https://www.fao.org/land-water/land/land-governance/land-resources-planning-toolbox/category/details/en/c/1236441/
https://tupa.gtk.fi/paikkatieto/meta/maapera_200k.html
http://www.helcom.fi/baltic-sea-trends/holistic-assessments/state-of-the-baltic-sea-2018/reports-and-materials/
http://www.helcom.fi/baltic-sea-trends/holistic-assessments/state-of-the-baltic-sea-2018/reports-and-materials/

26

National Ocean Service, National Oceanic and Atmospheric Administration. What
is eutrophication? Retrieved: 6 April, 2023
https://oceanservice.noaa.gov/facts/eutrophication.html

Renard, K.G., Foster, G.R., Weesies, G.A., Porter, J.P. (1991). Revised universal soil
loss equation (RUSLE). Soil Water Conserv. 46 (1), 30—33.

Raike, A., Taskinen, A. & Knuuttila, S. Nutrient export from Finnish rivers into the
Baltic Sea has not decreased despite water protection measures. Ambio 49, 460—
474 (2020).

https://doi.org/10.1007/s13280-019-01217-7

Schauble H., (1999). Erosionsprognosen mit GIS und EDV—Ein Vergleich
verschiedener  Bewertungskonzepte am  Beispiel einer Gdaulandschaft.
Geographisches Institut, Universitat Tibingen, Germany.

Scheinin M., Asmala E. (2020). Ubiquitous Patchiness in Chlorophyll a Concentration
in Coastal Archipelago of Baltic Sea. Frontiers in Marine Science, 7, 563.
https://doi.org/10.3389/fmars.2020.00563

Sivertun A., Prange L. (2003). Non-point source critical area analysis in the Gisselo
watershed using GIS. Environmental Modelling & Software, 18(10), 887—898.
https://doi.org/10.1016/51364-8152(03)00107-5

Sivertun, A., et al. (1988). A GIS method to aid in non-point source critical area
analysis. Geographical Information Systems 2(4), 365-378.
https://doi.org/10.1080/02693798808927910

United States Department of Agriculture (2016). Universal Soil Loss Equation
Research, retrieved April 10, 2023.
https://www.ars.usda.gov/midwest-area/west-lafayette-in/national-soil-erosion-

research/docs/usle-database/research/

United States Geological Survey, Organic Matter Research Laboratory. What is
organic matter? Retrieved April 4, 2023.
https://www.usgs.gov/labs/organic-matter-research-laboratory/

United States Geological Survey, Water Science School (2018). Turbidity and Water,
retrieved April 8, 2023.
https://www.usgs.gov/special-topics/water-science-school/science/turbidity-and-
water#:~:text=Turbidity%20is%20the%20measure%200f,light%2C%20the%20highe
r%20the%20turbidity



https://oceanservice.noaa.gov/facts/eutrophication.html
https://doi.org/10.1007/s13280-019-01217-7
https://doi.org/10.3389/fmars.2020.00563
https://doi.org/10.1016/S1364-8152(03)00107-5
https://doi.org/10.1080/02693798808927910
https://www.ars.usda.gov/midwest-area/west-lafayette-in/national-soil-erosion-research/docs/usle-database/research/
https://www.ars.usda.gov/midwest-area/west-lafayette-in/national-soil-erosion-research/docs/usle-database/research/
https://www.usgs.gov/labs/organic-matter-research-laboratory/
https://www.usgs.gov/special-topics/water-science-school/science/turbidity-and-water#:~:text=Turbidity%20is%20the%20measure%20of,light%2C%20the%20higher%20the%20turbidity
https://www.usgs.gov/special-topics/water-science-school/science/turbidity-and-water#:~:text=Turbidity%20is%20the%20measure%20of,light%2C%20the%20higher%20the%20turbidity
https://www.usgs.gov/special-topics/water-science-school/science/turbidity-and-water#:~:text=Turbidity%20is%20the%20measure%20of,light%2C%20the%20higher%20the%20turbidity

27

Vigouroux G., Kari E., Beltran-Abaunza J.M., Uotila P., Yuan D., Destouni G. (2021).
Trend correlations for coastal eutrophication and its main local and whole-sea
drivers — Application to the Baltic Sea. Science of The Total Environment 779.
https://doi.org/10.1016/j.scitotenv.2021.146367

Vigouroux G., Destouni G. (2022), Gap identification in coastal eutrophication
research — Scoping review for the Baltic system case, Science of The Total
Environment 839.

https://doi.org/10.1016/].scitotenv.2022.156240

Villa, A., Folster, J. & Kyllmar, K (2019). Determining suspended solids and total
phosphorus from turbidity: comparison of high-frequency sampling with
conventional monitoring methods. Environ. Monit. Assess. 191, 605.
https://doi.org/10.1007/s10661-019-7775-7

Xylem Analytics Australia. Fluorescent Dissolved Organic Matter, retrieved April 4,
2023.
https://www.xylem-analytics.com.au/parametersdetail.php?fDOM-12

YSI. CDOM-fDOM, retrieved April 4, 2023.
https://www.ysi.com/parameters/cdom-fdom



https://doi.org/10.1016/j.scitotenv.2021.146367
https://doi.org/10.1016/j.scitotenv.2022.156240
https://doi.org/10.1007/s10661-019-7775-7
https://www.xylem-analytics.com.au/parametersdetail.php?fDOM-12
https://www.ysi.com/parameters/cdom-fdom

	1. Introduction
	2. Objectives
	3. Materials and methods
	3.1 Runoff risk modelling
	3.2 High-resolution water monitoring data

	4. Procedure for creating a runoff risk map
	4.1 Soil factor map
	4.2 Land use factor map
	4.3 Slope length factor map
	4.4 Watercourse factor map

	5. Risk map results
	6. Discussion and suggestions for further research
	7. Conclusion
	8. References

