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Abstract

Eutrophicationis an ongoing problem in thBaltic Seaandis thereforefound & a topic of the

Baltic Sea Action Planas well as the environmentalogls of Sweden. One source to
eutrophications theleakage of phosphorus from agricultural lands. This stualyaimed to map

risk areas ophosphorus leakage from surface runoff in a catchment located in the southern parts
of Sege river, Scania. The pess of mapping risk areas was carried out both with and without
preprocessing a digital elewat model by filling sinks andhe outcome of the two methods was
compared againgtach other. Flows oflay rich sedimentin and out of a sedimentation dam
locaied in the study area was compared with climate data over a period of 4 months. The results
indicate that highest risk of surface runoff erosion is in an area in titie 8tere claycontent is

3540 % and the topography highly varying with several nateglressions. The origin of clay

rich sediments from surface runoff erosion was best shown by analysis on a filled digital
elevation model.Correlation values osingle climate parameters with measured phosphorus
leakagewere weak but indicate that the kigperiods may be best described by the combined
effect from several parameters.
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Popularvetenskaplig sammanfattning

Overgodning ar ettggaende problem i Ostersjon och tas upland annat th&altic Sea Action
Plan ochinom ramen foiSveriges miljomal. Overgddningen beror pa tillforsel av naédngnen
som kvave och fosfor, vilkanar havet fran flera olika kallor. Delsan punktkallor som
industriutslappoch dels franmer diffusa kéllor sonforbranning av fossila branslen, skogsbruk
och jordbruk.Franjordbruksmarkar det Gverskott av godning som delvis lacker fran marken pa
grund av vattearosion genom ytavrinnind.vattenmiljoer fungerar fosfasom en begransande
faktor for fllvaxt av omganismer. Att minska lackagaw fosfortill &ar och sjoarar darfor en
effektiv metod for att minska dvergddningen i stort.

Ett projekt dar det aktivt arbetas med att minska risken for 6vergodniBgg@eprojektet dar

sju kommuner i sydwsira Skanesamarbetafor att forbattra vattenkvaliteten an och dess
avrinningsomradeDenna studie fokuserar pa ett delavrinningsomrade till Seged som heter Fru
Alstad och liggei Trelleborgs kommun| en anlagd damm i omradet gér miljokonsultforetaget
Ekologgruppemmatningar awland annat kvave och fosforhalter i vatti@essa matningar visar

att detperiodvisférekommer hdgaalter av ler och fosforrika sedimentdammen Om man vet

var och nar dessa sediment eroddran akermarkerér det ldtare att planera ratt atgder for
minskade fosforforluster

En riskkartering av fosforférluster genom ytavrinnimgr darfér genomférts i denna studie
Metoden foratt identifiera riskomraden, som ursprungligen utvecklats av Ekologgrupypgger

pa en digial htjdmodell soninnehaller sankorSankorna kan vara naturliga eller bara existera i
den digitala htjdmodellen till folid av matfeEn jamforelse har gjstmellan tva varianter av
denna metodor att undersoka effektgpa slutgiltiga riskomradenv attanvanda hojdmodellen

som den ar elledigitalt fylla sankor till narliggande nivdsenom dessa tva varianter av samma
ursprungliga héjdmodell har omraden for hoga vattenfloden lokaliserats och dessa bildar,
tilsammans med omraden med hog lerhalt, riskmen for fosforforluster genom ytavrinning

och erosionDessutom har uppmatta varden av fosforforluster jamforts med vaderforhallanden
under en period fran dember2017april 2018.

Resultaten visar att avrinningsomradet har hogst lerhalt i den w@stisdra delen, dar ocksa
hogavattenfloden ansamlas. Dessutom finns ett omrdittai som har hoga vattenfloden, men
mindre lerhalt och darfdelativt mindre risk for forlust av fosfor via ytavrinninBessa omraden

var bast identifierade nar analysenduties pa e hojdmodell med fyllda sankor. Fosforlackaget

var som mest i borjan pa januari och mars, samtidigt som medeltemperaturen var éver 0°C och
regnmangderna stora. Statistiskt sett visades dock svaga samband mellan de enskilda
vaderparametrarna ochosforlackage. Resultaten pekdock pa att regn, temperatuoch
sndsmaltning samverkar och tillsammans skulle kunna forklara vilka perioder som har hégst risk
for fosforforluster via ytavrinning.
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1.Introduction

Eutrophication has for a long time been known as a threat against the BalfiteS8tszhbein et

al. 2017) A large portion of the eutrophication has its origins in leakage of nutrients from
agricultural landgNaturvardsverket 2006and phosphorus leakage is here of special concern.
Within Sege river catchment in southern Scaniagd@m, seven municipalities cooperate through

the Sege river project, with the aim to improve the water quality of the catchment and reduce the
eutrophication. This is mainly done by establishing wetlands and dams to catch the leaking
phosphorus and nitrogefrom cultivated landsWater bodies like these can catch both the
phosphate transported as solutes in the water, and the particle bound phosphorus that travels with
the sediment3Vhen the speed of the water is reduced by the dam, the particles seatichean

be t&en up by vegetation before they &nansported away (Alstrom and Wedding 2013).

The practical workn the catchment aBege rivelis being moniteed by Ekologgruppen/ithin

other catchments, it has been found out that predictions of sudaoff and mapping of risk
areas of erosiohy surface runoftan be an important step towards better understanding of how
to best prevent leakage of phosphorus and nitragesugh water induced process&¥ind
induced erosion is another process thabglly has an important influence on transportation of
soil particles(Eriksson et al. 2005)This study is however limited to water erosion. It has a
specific purpse to contributéo the preventive eutrophication work done by Ekologgruppen in
the studyarea It has also anore general purpose, to examine the method used for risk mapping
of phosphorus leakage, assdgbed in the following section.

1.1 Aim

Because of th@igh amounts of phosphorus and ctaph sediments that are reaching the dam in
Fru Alstad catchmentjt is of interest to investigate from where and when the riskuoface

runoff erosion ihighest. This study thus aims to answer the question: from where and when does
surface runofierosionoccur within the Fru Alstad drainage area? Ml be done through the

three following specific objectives:

l. Map the risk areas of surface runoff erosion affecting phosphorus leakage in Fru
Alstad.

Il. Compare the risk areas identifiszda GeographidnformationSystemwhenusing an
original digital elevion model, compared to a preprocessed model where sinks have
been filled.

[I. Correlate data gbhosphorudeakage from the catchment witbecorded weather data
from the same time period.



1.2 Expected results

In the following section therocesses affecting sade runofferosion and phosphorus leakage
will be further developedas well as the background for the methodology used in this study. It is
expectedhat:

- afilled DEM will most accuratelidentify the risk areas

- risk periods for sediment and phosphoresakhage will be contited by heavy
precipitation ad snow melt

2. Background

2.1 Eutrophication: causes and consequences

Eutrophication of the Baltic Sea is happening as a result of over fertitizatio nitrogen and
phosphorugNaturvardsverket 2006)The nutrients are added to the aquatic ecosystems from
atmospheric deposition of fossil fuel combustion, point sources such as industries qu@inbon
anthropogeit sources such as agriculttehislock et al. 2013)

The consequences for the Baltic ecosystemssaxeral, from large scale alghlooms of
cyandacteria, anoxic dead zones thebottom, changes in food chains which afféet marine
ecology and to the disappearance of important key species such as egZlggtss, marinan

shallower watergNaturvardsverket 2006)

Efficient mitigation measures have beendadissed, andountries around the Baltic Séave
mainly focusd onthe removal of nitrogen depositigMaturvardsverket 2006; Schindler et al.
2008) However, it has been indicated that eutrophication may be mitigated more efficiently by
reduction of phosphorus. This is due to phosphorus lzelimgiting factor for primary production

in aquatic ecosyems(Schindler et al. 2008)

2.2 Phosphorus

2.2.1 Phosphorusin soils

Phosphorus, P, is an essential element for living organisms required in the process of
photosynthesis, breakdown of bahydrates and energy trans{8harpley and Rekolainen 1997;
Pagliari et al. 2017)it is highly reactive whih means that it is very seldom found in its natural
form but rather as orthophosphate ioH®0,? or H,PQ, (Bergstrom et al. 2007Yhe presence

and binding of P in soil is complex but can a little simplified be divided into three pools: the
solution pool, the active pool and the fixed pddie solution pool is relatively small and consists

of the phosphoruavailable for plants as orthophosphate ions in the soil water. These are the
simplest structured phosphorus aciSharpley and Rekolainen 1997he plants take up the



orthophosphate ions through anergy consuming active process, so when there are other energy
consuming processes such as lower temperatures and lower amounts of soil moisture, the
phosphorus uptake is limitg#likkelsen 2013)The phosphorus bound to very stable chemical
compounds constitutes the fixed pool. These compounds can be divided into organic and
inorganic compounds. The inorganic is considered thg@rnpart in most agricultural soils
(Sharpley and Rekolainen 1997he active pool of phosphorus consists of bound phosphorus
that more readily is released to the soil water. Hence, when phosprarughé soil solution is

taken up by plant roots, the equilibrium of phosphorus is adjusted by release of some phosphorus
from the active poolPagliari et al. 2017)

Because of its important for plant development, phosphorus is classified as a macronutrient. In
comparison with other nutrients important for plantygtoh , t he cont ent of phc
crust and in mineral topsoils are relatively small. Outhat portion,phosphorusavailable to

plantsis even smalle(Sharpley and Rekolainen 1997}t is for this reasorphosphorus is a

common component of artificial fertilizers.

2.2.2 Agricultural lands and phosphorus

Intheposwar er a, f r o mhigh@rodirissof phosphdrug ifobnGusificial fertilizers
were added tagricultural lands in Swexh. A decrease in artificial fertilizers has made the levels

of total addition of phosphorus today being the same as 100 yeal&@kgson et al. 2005;
Bergstrom et al. 2007Yhe binding force between phosphsrand soil particles vary depending

on chemial structure and pH of the sdiEriksson et al. 2005)This means that although
fertilization has decreased, phosphorus bound to the soil could still be relatively high but plant
available phosphorus lowEriksson et al. 200%yhich leads to continued fertilization.
Concentrated phosphorus in rocks, the source of P in fertilizers, are cycling at rates of millions of
years between the hydrosphere and the lithosphieeeeforeconsidered a finite resource. The
estimated time for phosphorus reserves to last are varying, but there is a general agnebment
research community of a O6peak phosphorusd, th
as mineral resource has reach its maximtihe issue of phosprus leakage is thus not only an
issue of eutrophication but also about sustainable agriculture in the {Qorgell and White

2011; Johannesson 2015)

2.2.3 Transportation of phosphorus

When it comes to thkeakage, otransportationof phosphorus from the soils, it happens in two
forms: as dissolved phosphorus and particulate phosphorus. In the water, dissolved phosphorus
can be directlyakenup by stream biotawhereas particulate phosphomsrks as a log-term

reserve of phosphorus in theuatic ecosystems. Particulate phospharassists of organic

matter eroded during storm events and the phosphorus bound to inoaibpastgles(Sharpley

and Rekolainen 1997)It is the major portion of P transported from cultivated lands. The
dissolved and particulate phosphorus ammstantly altered along its way from the field to the
water due to aquatic processes such as uptake of dissolved phosphotresaiy sota and
deposition of suspended particulate phosphfhid).

Regardess of whethethe phosphorus is dissolved or bound to particles, the transportation of P
from agricultural lands to streams can take three pathways, through:



a) Surfacerunoff, or overland flow. The rain water pickg phosphorus and carries it over
the surface to a nearby stream. Increases where soil shagadew infiltration capacity

b) Subsurface flow, or drainage, where infiltrated rain water containing P leaches to streams
before reaching the groundwater table.

c) Groundwater flow, where infiltrated rain water percolates to the groundwater table an
enters the stream as seepédeathwaite 1997)

In this study, the phosphorus transportatioe to surface runotg) will be in focus. The highest

risk of phosphorus transport from arable land is from the uncovered fields after harvest to the
new growing season in spring, when there is now vegetation that take up the phosphorus and
counteract ta erosion. For arable land in the county of ScaBweedish Board of Agriculture
prescribes thaB0 % of a farmers fields must be covered during winter, which includesnau
sowing and stubble fieldSwedish Board of Agriculture 20153jor uncovered soil, the intehgi

of precipitation and presence of water or snow during the season of late autumn to early spring
has a large impact on the phosphorus (Bssistinen et al. 2007)

2.3 Surface runoff and erosion

2.3.1 Surface runoff

As explained above, surface runoff is an important mechanism when it comes to transportation of
phosphorus from agricuiral lands to aquatic syster{Sharpley and Rekolainen 199Burface

runoff occurs when rainfall rate exceeds the infiltration capacity of the soil, so called Hortonian
overland flow, or in very wet conditions where the soil gets saturated from below, so called
saturation overland flowfRose 2004)The infiltration capacity oflte soil is affected by soil
textureand structure, soil porosity and soil moisture conBirtheiro et al. 2009)Sand has the
highest infiltration capacity anday the lowest due to the larger pore spaces in sandy soils and
due to the cohesion forces between the clay particles. Activities that affect the soil porosity such
as trampling by cattle and compaction by heavy machines decreases the soil pordbilyg #mel
infiltration capacity (Heathwaite 1997)Apart from low infiltration capacity, the subsurface
drainage system through pipes in agricultural areas can be another source of surface runoff, if
clogged with sediment®f exampleThe resulting overland flow of water carries soil material to

the streams, acting as a force of erogilstrom and Bergman 1991)

2.3.2 Erosion

Erosion is a natural process of the geological circulation on Earth, where the surface of Earth is
degraded and transported by wind or water to the streams and further out to the oceans. The
transportd minerals are being transported as solute ions in the water and the sediments and
become the building parts of new rock types. On cultivated land however, the erosional process
becomes a problem since the sediments transported away from the soils rmatniams that a
necessary for the vegetati(fariksson et al. 2005)

Heavy rains and melting of snow can initiate the transport of sediments such as fine soil particles
and organic matter to be eroded away from the soil. The surface runoff induded eewsbe of



the type callegheet erosionyhere a film like layer of water flushes the surfesse Figure 1If

the flow increases, the surface runoff can be concentratel #rosion, see Figure2. The
sediments gathered by sheet erosiomoften transported away by the concentrated paths of rill
erosion. In arable land in southern Sweden, rill erosion is considered the most affecting erosion
type (Alstrom and Bergman 1991)

Figurel: Effect of sheet erosion in field Figure 2: Rill erosion foIIowing a depression in the landsce
Photo: Hanna Ekstro

In depressions in the landscape where water is gathered, heavy water flows taue pdammeral

gully erosion Gully eroson is a type of erosion that moves in the opgodirection of the stream

flow and is causing severe traces in humid climates. In Scandinavia these are less common, but
temporary gullies can emerge after heavy spring or autumn rains and snogAlsteftm and
Bergman 1991)Erosion through surface runoff depends on rainfall amounts and intensities, soil
texture, topography and in the case of agricultarad, the manageme(tieathwaite 1997)

2.3.3 Soil types and erosion

Highest risk of erosion is found in soil textures that allow the particles to readily be detemse
transported away. Soils in the range from clagaarse siltwith particle sizes <0.06 mm, are
considered as cohesive soils wha#trease the risk of erosion. Silt and loess with larger particle
sizes are bound by the less strong adhesion forces and more easily erode. Clay soils can however
have chareteristics that increase the sediment erosion. If brganicrich clay, aggregates
increase the erodibility. The low infiltration capacity of clay soils also incsetise risk of
overland flow and hence the risk of phosphorus parigAlstrom and Wedding 2013 Clay
particles thus need higher water velocities to be reledmeadnce they are, themall particles

have largesurfaceareafor phosphorus bindingin nonmovingwater, the larger sangarticles

have an average sedimentation rate of 10 seconds/m, while it takes 8 days/m for clay particles to
sink (Alstrom and Wedding 2013ience, the clay particles have higher probability to follow the



water flows to the surface watedtrosion from clg soils has thus higher riséf leading to
phosphorus los@lstrom and Bergman 1991; Alstrom and Wedding 3013

2.4 Digital analysis of surface runoff and erosion

2.4.1 Models for risk mapping of phosphorus loss

Research about phosphorus and its leakage from agricultural lands is extensive and several
models with varying complexity exist for estimating riskpbbsphorus loss from soils. Examples

of these are a-dex developed with slightly different approaches in Denmark, Norway and
Sweden respectively, and the erosion model Unit StreawelP Erosion Deposition, USPED
(Alstrom and Wedding 2012; Ahlstrand 2014or the purpose of practical work with
maintenance and mitigation of phosphorus loss from cultivated lands, Ekologgruppen has
developed asimpletool focused on estimation of risiceas for phosphorus loss due to surface
runof f . Ekol oggruppends tool for surface runo
study area and excludes in the analysis step other influencing factors that are included in USPED
such as precipitatiomtensity, tle erodbility of the soil, agricultural methods and vegetation
cover. These are still considered important for a complete understanding of the transport of
phosphorus from agricultural lands and are, even if not incorporated in the modehatken

into account in dater stage where field observations and local observations add inforntation

the final map of risk area3his has been found to be an efficient method with less required data
compared to fndex method and USPE[AIstrom and Weddind2013; Ahlstrand 2014)A
comparison between kkol oggr up p en 6 s D, tindicated tlzan the mmeSeUEby
Ekologgruppen is giving a reliable estimation of surface runoff erosion of phosphorus, but parts
of the digital processingave potential to be impved (Ahlstrand 2014) Therefore, this study
focuseson the possible improvements within the tool developed by Ekologgruppen.

242Ekol oggruppends tool for phosphorus | 0s s

Ekol oggruppendés tool i's bas eided with data amtifigld t a |
observations of soil types and land .ukées a qualitativeDEM method meaning that the results

will show where the areas of surface runoff are, but not the volume of rain or sediments that pass
through the systenfAhlstrand 2014) The digital elevation model is used to calculate flow
accumulationand the risk areas are based on the areasSmMihof highest flow accumulation

The 5 % was developed from the DanishiRde x cal cul ati ons and i n I
definedas corregonding with risk areasfter acomparison with real areas of surface runoff
erosion(Alstrom and Wedding 2013)

A digital elevation model contains depressions, from here on called sinks. Thagpgleeells

that have a lower elevation value than anytreir surrounding cells. The sinks in the digital
elevation model can eitherebexisting depressionsr appear in the model due to calculation
errors(Nilsson 2017)In any case, the flow will stop at these locatidhshey are natural sinks
however in reality rain water will drain tothese areas andtleer pou over to adjacent areas
when filled to the brim, or the water will percolate through the soil and reach the ground water



table.For this reason, the possibiligxists to fillthe sinks When filled,the simulated pathway of

watea will continue,and highest flow accumulatiowill be found in the lower part of the
catchment. Ekologgruppen argue that for the purpose of finding sources of phosphorus leakage,
regions located higher up in the drainage area are of interesajdio theleakageas early as
possible. Larger volumes of water further down in the system also requires larger sedimentation
dams and mitigation measures that may not be reasonable to build in(Adaktyand 2014)

Another way to think about it however is teesthe filling of sinks as a simulation of the process
thatoccurs when precipitation rate is exceeding infiltration rate so that the natural sinks are filled,
and water continues as overland flow downstreArdigital elevation model is commonly used

for identifying hydrological pathways in the landscapelimg in most cases not a resolution that
could be comparable to the particulate scale that phosphorus leakage is happéaomeneld

et al. 2006) It is therefore of interest to find the method that best simulate the real processes and
it is hypothesizedthat filling the sinks could be one such improvement.

2.4.3 Estimation of flow accum ulation

A digital elevation model represents the elevation above sea level in equally sized cells. It can be
further analyzed in a GIS to estimate the steepest changes in elevation and thus the pathways of
water in the landscape. The standard tool Floveation in ArcGIS (ESRI ArcMap 10.5
Redland, California, USis an efficient tool but as all models it gives a simplified version of
reality and in this case, the simplification means that flow from one cell can only be lead to one
other cell. In realityfor example on the top of a ridge, rainwater that falls on a certain spot will
probably drain partly to one side of the ridge and partly to the othe(Nildson 2017) This has

been taken into account in the development of a Triangularli@asad Multiple Flow algorithm,

TFM (Pilesj6 and Hasan 2014As it is a more advanced and precise etaaf reality, the
MATLAB routine (MATLAB R2017a, MathWorks, Natick, Massachusetts, ) will be
incorporated in the analysis done in this study, further explained Matexial and methodology
section below.

2.5 Study area

The study area is located in the southern part of Sege river catchnsebtcachment in hilly
terran with the name Fru Alstadlrelleborg municipality, see Figu& The 100 hdarge area
drains into a @ ha large sedimentation ddmilt on former wetland area, with theipose of
gathering phosphoru&kologgruppen 209). The drainage area is situated in an elongated clay
rich depression between two ridges where tlepressions and ridges are due to kettles, created
by the retrieving glacial ice in the lateseiage, 110 06Q0 000 years agdhese valleys are
filled with lime rich till and the ridges are built up of sediments deposited by thewatdt
(Nilsson 1959) Because of this, the water in the present dam has often a high clay corarentrati
and in the continuous measurements of inflow of water to the dam, peaks of sediments are
reaching the danD@vidsson, 2018, personal commer#)system of culverts is draining into the
sedimentation dam, but water occurs in open ditches followingotidsrand between fields as
well (Ekologgruppen 2009)however not large enough to be found as water streams on maps
over the area, see Figure 3.
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Figure3: The study area ofrk Alstadis located in the municipality of Trelleborg in Scania, southern Sweden and chara
by hilly terrain caused by glacftuvial sediments.

The major parbf the area is arable land and pasture by cows and horses is also practieed in th
area. Soil types in the catchment area are silty clay loam, sandy loam, loam, clay and silt,
following the FAOsoil classificatioiSoderstrom and Piikki 2016 he current water ecology
status within Sege river catchment as a whole is classified as bad to unsatisfactory ecological
quality (VISS 2018) Measurements for increased water quality includes the sedimentation dam
in north west corner of the study ar@ayidsson,2018, personal comm@nt



3. Material and methodology

3.1 Material

Risk mapping of phosphorus leakage was done ustogpa@raphybasedmethod. This section
presents the data used for the analysis of risk areas and risk periods, see Table 1.

Table 1: Data with metadata asource.

Type of material Metadata Provider

Digital elevation model, DEM Raster, 2+ grid, SWEREF99 © Swedish National Survey
Soil texture map 50 m, SWEREF99 © Swedish Geological Survey
Precipitation data 20172018, Skurup SMHI

Temperature data 20172018, Skurup SMHI

In- and outflow, Fru Alstad 20172018, Fru Alstad 4:17 Ekologgruppen

As the topography i® main component of the risk mapping metho@, i resolutiondigital
elevation model was us¢8wedish National Survey 2016he ®il data of soil texire contents

in arable land in Swede retrieved fromSwedish Geological Survefsoderstrom and Piikki
2016) is basedon modeled resultwith clay and sandantent as primary raster layerSoils
classified as wetlands or organic soils were left outside the model and directly assigned organic
soils. The standard deviation of the data withinltdwation of thestudy areavas reported to be

3.7 %, based on 208fezence points(Soderstrom and Piikki 2016l the study area, only the
soil in the sedimentation dam svanarked as organic. Observational data of weathanyeers
were retri@ed from the closest active weattstation, in Skurup, about 20 km from the study
area(SMHI 2018) Data retrieved was precipitation amounts, precipitation type, average daily
temperature and snow depth. Ekologgruppen pem/imeasured data of inflows from the



catchment to the sedimentation dam (Davids&fi,8, personal commgntMeasurements of
phosphorus were taken as a 50 ml water sample for eM@®ynt of water passing the
measurement station by the sedimentation d&ithin a sampling period of a week the gathered
samples were mixed and analysed. The phosghoreasures are henitew weighted average
values for the sampling perioDavidsson,2018 personal comment Field observations
included traces of erosion thiglu surface erosion and location of natural sinks. tRerdata
analyss, software used included MATLAR2017a(MathWorks, Natick, Massachusetts, YS
Microsoft Excel 2010(Microsoft Corporation, Redmond, Uanhd ESRI ArGIS 10.5 (ESRI,
Redland, Californial)s).

3.2 Study design

To achievethe risk areas and the risk periods, the study can be divided in two mainPaatts.
one in the following sectiorRisk areas for phosphorudescribes the methodology developed by
Ekologgruppen for risk mapping of phdspus leakage through surface rundflstrom and
Wedding 2013) Part two, Risk periods for phosphorus leakagaescribes the comparison
between weather parameters assumed to affect the timingiofesgdransport and phosphorus
leakage from the catchment.

3.2.1 Risk areas for phosphorus leakage

The digital elevation model, s@@ble 1, was processed through BMM&TLAB routine developed

by Pilesjoand Hasar§2014) in two versions, to a) identify afil sinks b) not fill anks. The two
outcomes wereised as input for generating flaaccumulation in the same MATLABoutine,
through the multiple lbw algorithm as described in section 2.4.8Bhe retrieved flow
accumulation from the filled and unfillddEM respectively was further processed in Excel, to
calculate the 5 % of areas with highest flow accumulation. The retrieved limit value of the
highest flow accumulation was used in ArcGIS to localize risk areas of surface runoff depending
on flow accumulaon.

To get the final risk areas, the highest flow accumulation needed to be combined with the clay
content of the soilBased on soil taxre data, the clay percentage in the catchmentetasved.

As higher clay content of a soil leads to higher aéphosphorus leakage through surface runoff,
clay content was divided into 5 classes;206% clay content, 225 %, 2630%, 3134% and 35
40%.All resulting risk areas have high flow accumulation but is classified as higher risk the more
clay content tare is.The risk mapping was complemented with visits in field, where location of
sinks and traces of erosion and surface runoff where ndiedeverbserved, with coordinates

in WGS84 from a handheld GPS.

3.2.2 Risk periods for phosphorus leakage

Basedon data of weather pameters retrieved from SMHI, foulifferent parameters were
compared withleakageof phosphorus/phosphate measured in the sedimentation dam in Fru
Alstad 4:17, retrieved from Ekologgruppen for the period of December R0drch 2018.
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Firstly, precipitation data was converted to weekly averages to correspond to the measured data
of phosphorus leakage. The second parameter related to precipitatsorihe precipitation
intensity. The precipitation intensitys a measure of the precigitan rate which if exceeds
infiltration capacity of the soil is the reason for Hortonian overflow, as described in s2@&ion
Surface runoff and erosiofRose 2004)Precipitation intensitys normally measured in mm/h,
but has here beesstimatedbased on data of precipitation type from SM{018) since
measured precipitation intensity data was not availd®lecipitation ypesincluded light rain,
rain, pouring rain, snow and snow hail. Tpeecipitationtypes were assigned a category
depending on their intensity, s&able 2 The categories aimed to describe the pressure on the
soil that each precipitation type assert asimulation dé rainfall kinetic energy, which is
commonly used parameter of soil erosion predictimbo and Bonilla 2015)

Table2: Categories of intensity, based on precipitation type data from SMHI (2018)

Precipitation type Intensity
Light rain 1
Rain, snow, snow/rain mi 2
Pouring rain, snow hail 3

As the precipitation intensity thus becomesategoricalariable, the relation to leakage of total
phosphorus and phosphate was checked by usimpeaay ANOVA-test From the resultdh?
was calculated whichells the explained variandeetween the variablesee Equation .1Eta
squaredd?, can be interpreted as an equivalent to regression coefficfewh& comparing a
categorical variable withr@ or more continuous variaiBrown 2008) In Equation 1 belowSS
betweerstands for the sum of squares between the compared variablé3S dothifor the total
sum of squares drthus the total variation seen in the comparison.

- — Eq.1

The temperature data wased for achieving two different parameters: diurnal temperature range
and average temperature. The diurnal temperature range was calculated by taking the range
between the temperature frahe day of observation to the day beftoeet an approximation of

the effect from change in temperature. The avetaggerature was calculated for the periods
correspoding to the measured flow datéhe last parameter was snow deptere weekly
averges of snow depth in @terwere calculatedThe weather parameters were correlated with

the series ophosphorus/phosphate leakage apeffficient of determination wasalculated.
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4. Results

In the following chapter, theonditions for thedentificationof risk areas and the final mapping

of risk areas for phosphorus leakage is presented, followed by field observations of surface runoff
and erosion. Theutcome of how sinks in the digital elevatiomodel affect the risk mapping is

then shown. To answehd questiorof when and under which conditions thbosphorus rich

flows of sedimentare originating fromthe correlation of sedimemeasurementwith climate

and discharge data from the area are finalizing the result section.

4.1 Risk areas for phosphaus leakage

As described above, the analysis of risk areas is based on topography and clay coh&ent in t
study area, shown in Figure F#he DEM shows theelongated depression in the middletioe
catchment and clay contenthgghest (3540 %) to the wesof this depressiori-rom the unfilled

DEM and filled DEM was 5 % of highest flow accumulation retrieved, also shown in Figure 4.

The final risk mapping of phosprus leakage combines tbe% of highest flow accumulation
and the soil clay contensee Fgure 5 Highest risk class is identified by the filled DEM in the
soutlern partof the catchmentligh risk is alsadentified along thelongated depression, seen in
both the unfilled and filled DEMBoth the filled DEM and unfilled DEM identifies risk easof
high flow accumulatiorio the east of the road in the middle of gtedy area but here the clay
content of the soil is less.
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Factors for risk mapping
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Figure 4: Factors behind the risk mapping includes information reéggrdlay content for the catchment draining
into the sedimentation dam, elevation and calculated flow accumulation based on a Triangulsstdrviultiple

Flow algorithm, TFM (Pilesjé and Hasan 2014). Elevation data: © Swedish National Survey, sbibaaSwedish
University of Agriculture.
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Figure5: Risk areas of phosphorus leakage through surface runoff erosion, with increasing risk following increasing
clay content.
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