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From single fields to river basins: Identification of critical source
areas for erosion and phosphorus losses at high resolution
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Abstract Concentrations of phosphoms (PL, the main
limiting nutrient in freshwater ecosystems, nead © be
reduced, but this is difficult due to high spatial and
emporal varations and limited resources. Reliable
targeting of critical source areas, such as erosion-prone
fields and pans of fields, is necessary to improve the cost
efficiency of mitigation measures. We used high-resolution
(2m x 2 m) distributed modelling to calculate erosion risk
for a large area (202 279 km®) covering > 90% of Swadish
arable land. Comparison of model results with independent
farmers” observations in a pilot catchment showed high
spatial agreement. The modelled worst case scenano
produced reasonable guantitative results comparsblk to
measured 90th percentile values of suspended sediment
(SS) loads at both field and small catchment scale
(R* =0.81, p <0.001). Overall, boads of SS, especially
during extreme cpisodes, strongly govemed losses of
unreactive P and otal P at both field and catchment scale.

Keywords (ritical source areas - Distributed modelling -
Erosion - High-resolution + Phosphorus

INTRODUCTION

Loads of phosphores (P), the main limiting nutfent in
freshwater ccosystems, cause intense algal blooms and
impair water quality (Schindler 1974), Identification and
fimitation of point-spurce inputs of P to surface waters
have been rather successful, whereas nonpoint sources,
mainly within agriculture, remain elusive and more diffi-
cult to identify, quantify, target and remediate (Sharpley
2016). For instance, in Sweden, emissions of P from
wastewater reatment plants have been reduced from 1050
on in 1987 to 237 ©n in 2016, reaching an avemge

treatment efficiency of 96% (Statistics Sweden 2018)
Recent estimates of the nutrient loads from Sweden to the
Baltic Sea have identified diffuse losses from agriculture as
the largest anthropogenic source of P (Ejhed et al. 2016).
However, the effects of mitigation programmes focusing
on agriculturl sources remain difficult to quantify. For
most abatement programmes, the key metric of ;ucces is
the extent to which a practice is implemented, rather than
the effectiveness of its implementation in mitigating water
guality degradation (Kleinman et al, 2015).

The majority (~ 80%) of diffuse P losses ariginate
from a small proporton of catchment @reas (~ 20%), a
sitzation known as the 80:20 mle (Sharpley et al. 20091
These so-called critical source areas (CSAs) coincide with
hydrologically active, interconnected areas where overland
and/or shallow suhsurface flow mobilise and transfer P
from temestrial to aguatic ecosystems. In humid hill-land
watersheds, relatively small and well-defined arcas typi-
cally contribute much of the nonpoint source water, sadi-
ment, P and N exponted in watershed outflow (Pionke et al
2000). McQlain et al. (2003) coined the term biogeo-
chemical *hot spots’” to describe “areas (or patches) that
show disproportionately high reaction rakes relative © the
surounding area (or matrix).” According to Pionke et al
(2000). it is important to develop concepts. modelling tools
and sampling prowcols to identify and assess the impact of
these CSAs. Identification, guantification and targeting of
these CSAs still remain a challenge for the research com-
munity and for policy makers. Therefore, despite the
extensive body of scientific evidence suggesting that P
losses are episodic and spatially variable, cumrent envi-
ronment protection programmes are not designed to target
the most vulnerable parts of the landscape, but applied in &
rather general way. Soil erosion is linked to the detachment
of soil particles and associated P and provides physical
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Optimizing placement of constructed wetlands at landscape scale
in order to reduce phosphorus losses

Faruk Djodjic &, Pia Geranmayeh, Hampus Markensten

e Catchment delineation
e Hydraulic Load (m3/m?)

e Nutrient load
e f(q, land use, soil properties...)

e Nutrient retention
e f(nutrient load)
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Abstract Constricted wetlands (CWs) are one of the main
countermeasures o reduce diffuse phasphorus (P) losses,
but there is still a lack of systematic gmdanoe accounting
for spatially variable effects of hydraulic and P load on P
rctcﬂion.ch present a three-step modelling appmachlf(r
determining suitable placement of CWs in four different
size groups (0.1-1.0 ha), based on incoming hydraulic and
P load. The modelled hypothetical CW area was only 17%
of that previously estimated und area of efficient CWs is
even lower. The mean area-specific P retention increased
with CW size. However, the spatial vanation in retention
was large for all size groups and largest (6-155 kg ba '
year ') for the smallest CWs due to highly vanable
incoming P loads, showing the possible benefits of targeted
placement of CWs. The presented modelling approach has
also flexihility to include and account for possible future
changes in land cover and management.

Keywords Constructed wetlands « Mode hing
Optimised placernent - Phosphorus retention

INTRODUCTION
Following successful reductions in nutrient loads from

point sources such as wastewater treatment plants. agn-
culture is now considered to be the main non-point source

new wetlands have been constructed or restored 1n Sweden,
with on avemge of mare than 500 ha of new wetlands
constructed annually. at a cost of approximately 30 million
SEK per year (Swedish Envionment Protection Agency
2019). As intensification of mitigation efforts to reduce
nutrient losses from agriculture is required, further
increases in the number and area of wetlands can be
expected. For instance, the Swedish government will
mvest ~ 200 million SEK in the constmiction/restoration
of wetlunds in the period 2018-2021,

The P removal efficiency of CWs receiving runoff from
non-point sources viries considerably, between 1 and B8%
(Braskerud et al. 2005: Kynkifinniermi 2014), with a mean
value of 33% and a median value of 26% (Kynkdinniemi
214y A systematic review of European, Asian, and
American CWs showed that the median removal efficiency
of total P (TP) was 4% for CWs treating agncultural
nunoff. However. CWs with precipitation-driven flow had
lower removal efficiency, 21% TP (Land et al. 2016). The
P removal efficiency vanes depending on wetland design,
location, annual variation in water flow, and P loading
(Bruskerod et al. 2005: Tondemsk et al, 2005; Kynkiiin-
niemni et al. 2013: Land et al. 2016). Hence, it is important
to consider these factors during planning of future wetlands
to make them as efficient as possible. Recently, Ulén et al.
(2019) showed that it is possible to achieve high TP
retention efficiency (36%) in a Swedish CW located in u
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Tabell 16. Scenario A3. Kostnader for datedird (SEK/ha/cr och SEK/ar) samt kostnad for reducerad
P (SEK/ke P)

Lillin 4596 Atgirdens Atgiirdens Total Kostnad
omfattning kostnad kostnad for

(ha) (SEK/ha/ar) (SEK/ar) reducerad P

(SEK/kg P)

Skyddszon 18m 140 2049 411 867 17 418
Senarelagd jordbearbetning pa 473 600 283 635 3670
hésten innan varsadd
Senarelagd jordbearbetning
efter tréda innan hostsadd
Stallgddsel borttagen
Strukturkalkning: silt loam,
loam. silty clay loam och silty
clay

Fosfordammar

Lag konstruktionskostnad
Medel konstruktionskostnad

Hég konstruktionskostnad
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1 ha vatmark/damm 0.5 ha vatmark/damm 0.2 ha vatmark/damm
A e 03-35 o 03-35 e 03-35

® 36-67 O 36-87 ® 36-67

® 68-99 O 68-99 @® 68-99

@® 100-132 O 100-132 @ 100-132

@ 133-164 QO 133-164 @ 133-164

@ 165-196 O 15-1908 @ 1165-196

@ 107228 O 197-228 @ 157 28

. 229-26.1 O 229-26.1 . 229-26.1

05
°

och Vatten

Havs

myndigheten




Tillfalligt 6versvammad akermark?







' Google Ear_"%h

ynigheten




“Google Earth

s .'\‘_u' _‘4*_

” yndigheten




Waters

Action C8 Activity 4

Decision support tools to optimize localization and choice of
measures.

The objective of this action is to develop decision support tools
for measures against eutrophication that can be used
nationally, including GIS, educational material and programes.

The work includes: Preparation of user-friendly interfaces,
manuals and education programs for the different tools used
and evaluated in activity 1-3.

Application of the tools for the pilot areas to evaluate the
applicability in terms user-friendliness, accuragyvand gence

and evaluation. och Vatten
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¢ Hur kan dessa resultat anvandas i samarbete med lantbrukarna for att utveckla atgardsprogram?

¢ Diskussionsunderlag, inte facit

WQTQVf s Gemensam bild

¢ Vilka atgarder kan tankas vara aktuella?
¢ Backdiken
¢ Draneringsbehov
+» Skyddszoner & anpassade skyddszoner
¢+ Vatmarker och fosfordammar
+¢ Strukturkalkning
¢ Anpassad vaxtfoljd
¢ Begransningar av bete

s Tvastegsdiken
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