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1. Executive Summary

RAUTAS UG carried out a baseline catchment analysis of Omme A for Kystvandrad Ringkabing
Fjord. 103 water samples were taken across the catchment over three days in July 2026 and
analysed for electrical conductivity, chloride, sulphate, potassium, nitrate and orthophosphate.
Inverse modelling was applied to the measured data to calculate, for each of 87 subcatchments,
the concentration that area contributes to the river once dilution is removed.

Sampling took place at low and stable flow. Water level at the Senderskov bro gauge varied by
15 mm across the three days and sat at the 13th percentile of July 2026, so the results describe
the catchment under groundwater-dominated baseflow.

The model reproduces the measured conservative tracers closely, with a mean absolute
deviation under 3 per cent for chloride, sulphate and electrical conductivity, which validates the
drainage network and the sampling design. Nitrate, which is not conservative, deviates more.

Because every measurement is a mixture, the concentration measured in the river is always
lower than the concentration the contributing land actually delivers. Correcting for that dilution
widens the range considerably. Across the middle 90 per cent of subcatchments, measured
conductivity spans a factor of 2 while the modelled source concentrations span a factor of 10.
The parameters also peak in different places, which indicates several distinct pressures acting
on different parts of the catchment rather than one uniform pressure.

Orthophosphate was below the detection limit of 0.05 mg/l at every site except one. Phosphorus
is therefore not a diffuse pressure in this catchment under baseflow conditions.

2. Introduction

2.1 Project background and scope

Kystvandrad Ringkgbing Fjord, is responsible for the health and long-term development of
Ringkabing Fjord. The ecological state of the fjord is governed largely by what its tributaries
deliver to it, and the Skjern A system is the dominant freshwater input. Identifying where in that
system pressure enters the river is a precondition for targeted management action.

On this basis, Kystvandrad Ringkgbing Fjord commissioned RAUTAS UG to carry out a
catchment analysis. In common understanding between the parties, the analysis was focused
on a single tributary rather than the whole Skjern A system, so that a more granular output map
could be produced. Omme A was selected because it is the largest tributary of Skjern A and
drains a predominantly agricultural catchment representative of the wider system.

The scope agreed in the contract comprises:



1. Water chemistry sampling — measurement of six parameters (electrical conductivity,
chloride, sulphate, potassium, nitrate and orthophosphate) at up to 100 locations across
the tributary, in a single campaign.

2. Source apportionment — application of inverse modelling to the measured data to
produce upstream concentration maps, one per parameter, giving a calculated source
concentration for every subcatchment.

Inverse modelling sets the measurements into context with the river network and the land
around it, and unmixes the nested contributions of the river system. The result describes
sources rather than sampling points.

This report is the written summary of findings and recommendations foreseen in the contract,
and accompanies the digital deliverables listed in Appendix D.

2.2 The Omme A catchment

Omme A is the largest tributary of Skjern A. It rises at Tofthgj near Jelling and flows westwards
for 87.1 km before joining Skjern A near Skjern; the combined river discharges into Ringkabing
Fjord. The catchment covers 619 km?.

Land use is dominated by agriculture at 65 % of the catchment area. Forest covers 17 % and
urban areas 3.5 %; the remainder is meadow, heath and other semi-natural land. The river runs
through meadow along its entire length.

The soils of the catchment are sandy. Surface water infiltrates quickly to groundwater rather
than running off overland, so the discharge regime is even, with a large groundwater-fed
baseflow component and a muted storm response. A single-campaign snapshot is therefore
comparatively representative of typical conditions, which supports the steady-state assumption
underlying the inverse model (Section 2.3).

2.3 Inverse modelling

The method applied in this project was developed by Richard Barnes and Alex Lipp and
published in Water Resources Research in 2024. A water sample integrates everything
upstream of the sampling point. A concentration measured at a downstream site reflects the
combined input of the whole upstream area, diluted by all water that has joined the river along
the way. Measured concentrations therefore do not on their own identify where a substance
enters the catchment.

Inverse modelling separates these contributions. The forward model is a mass balance on the
river network. At each confluence, the solute flux leaving the junction equals the sum of the
fluxes entering it. If a substance is conservative, the water is well mixed, and the system is in
steady state, then the concentration at any sampling point is the discharge-weighted average of
the concentrations delivered by all upstream subcatchments.



The sampling design is nested. Samples are taken above and below confluences, so each
downstream observation constrains the sum of the observations above it. The inversion finds
the set of subcatchment source concentrations that best reproduces all observed concentrations
simultaneously. The problem is convex and has a single global optimum. (Barnes & Lipp, 2024).

There are more subcatchments than independent observations, so the problem is under-
determined and requires regularisation. A smoothness penalty selects the simplest source
distribution consistent with the data; the value used is stated for each map in Section 4.3.

The method requires no prior assumption about the number, location or composition of sources,
and uses only the measured chemistry and the topology of the river network. The output is a
source concentration for each subcatchment, meaning the concentration that area contributes to
the river once dilution is accounted for. Two subcatchments with identical measured
downstream concentrations can have different source concentrations.

Three assumptions apply:

- Conservativeness. The substance is neither produced nor removed between source
and sampling point. This holds for EC, chloride and sulphate, partly for potassium, and
not fully for nitrate and orthophosphate (Section 3.1).

- Well mixed. The sample represents the full cross-section. Samples were taken
sufficiently far below confluences, and duplicate samples provide an empirical check
(Section 3.3).

- Steady state. Concentrations do not change materially during the campaign. This is
supported by the three-day sampling window and the stable low flow recorded in Section
2.2

3. Methods

3.1 Parameters

Six parameters were measured, as specified in the contract. Four are largely conservative
tracers that the inverse model can be applied to with confidence. Two are nutrients of direct
management interest that behave less predictably.

Parameter Form measured | Unit Measurement Conservative
range

Electrical EC (in situ) puS/cm 0-1990 Quasi

conductivity

Chloride CI mg/I 1-70;70 - Yes




Parameter Form measured | Unit Measurement Conservative
range
1000
Sulphate SO mg/| 2-150 Largely
Potassium K* mg/I 0.1-50 Partly
Nitrate NO_-N mg/l 0.23-13.5 No
Orthophosphate | PO,-P mg/I 0.05-4.5 No

Measurement resolution and accuracy for each parameter are as specified in the contract.

Interpretation

Parameter

Entry into the water

Interpretation of values

Electrical conductivity

Sum of all dissolved ions:
groundwater and geological
baseline, agricultural inputs,
wastewater, road salt

High values indicate an
elevated total ion load; low
values indicate dilute,
precipitation- or groundwater-
dominated water. Non-
specific, and read together
with the individual ions.

clays, potash fertiliser,
manure, wastewater

Chloride Marine aerosol deposition, A regionally uniform baseline
road salt, manure and slurry, | comes from sea-salt
domestic wastewater, KCI deposition. Values above this
fertiliser baseline indicate slurry,

wastewater or road salt.
Conservative, and therefore a
reliable tracer.

Sulphate Atmospheric deposition, High values commonly
mineral weathering, pyrite indicate drainage of pyrite-
oxidation in drained wetland bearing soils rather than
and peat soils, sulphate fertilisation. Can be reduced
fertiliser to sulphide under anoxic

conditions in wet peat.

Potassium Weathering of feldspars and | Elevated values indicate

fertiliser or manure input.
Subject to cation exchange
and plant uptake; retention is




Parameter Entry into the water Interpretation of values
limited in the sandy soils of
this catchment.

Nitrate (NO,-N) Leaching of fertiliser and Direct indicator of nitrogen
manure nitrogen via loading from agriculture.
groundwater, mineralisation Removed by denitrification
of soil organic nitrogen, and biological uptake, so
wastewater, atmospheric measured values understate
deposition input where travel times are

long.

Orthophosphate (PO,-P) Domestic wastewater, Indicator of wastewater and
manure and fertiliser, release | point-source input.
of iron-bound phosphorus Exchanges rapidly with bed
from anoxic sediment sediment, so the river can act

as either a source or a sink.

Nitrate was measured as nitrate-nitrogen (NO_-N) and is reported in that form throughout.

The inverse model assumes conservative tracers. EC, chloride, sulphate and potassium
therefore give the most reliable upstream concentration maps. Nitrate and orthophosphate were
also analysed, and are interpreted with the caution set out in Section 5.3.

Orthophosphate was below the lower detection limit of 0.05 mg/l at all sites except samples 8
and 9. This is reported as a censored result in Section 4.1 rather than as a concentration map.

3.2 Field campaign

Timing

Sampling was carried out over three consecutive days, 21-23 July 2026. The inverse model
assumes steady state, so all samples should represent as nearly as possible the same
hydrological conditions. Sample times were kept close together, and sampling proceeded from
upstream to downstream where the route allowed.

Hydrological conditions during sampling

Water level was recorded at 10-minute resolution at station 25.11, Omme A ved Sg@nderskov
bro (0 m DVR90; SGAV, via Vandportalen). July 2026 spanned 188 mm at this gauge, from
2.882 m after rainfall on 3 July down to 2.694 m on 24 July. Two rainfall events in early July
were followed by a two-week recession to the monthly minimum. The sampling campaign falls
at the end of that recession. The mean level over 21-23 July was 2.705 m, the 13th percentile



of the month, and the level varied by 15 mm across the three days (within-day ranges of 12, 8
and 5 mm). The next rainfall event raised the level by 70 mm on 27 July, four days after
sampling ended.

Flow was therefore low and stable during the campaign. The inverse model assumes steady
state, and rainfall during or shortly before sampling would have mobilised runoff and mixed
water of different origins. The measured chemistry can be treated as a single coherent snapshot
under groundwater-dominated baseflow.

Omme A at Sgnderskov bro (st. 25.11) — water level, 30 June - 30 July 2026
rainfall events
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Figure 2.1 — Water level at Sgnderskov bro (st. 25.11), 30 June — 30 July 2026; sampling
campaign shaded.

Procedure
At each site:

1. Electrical conductivity was measured in the field on unfiltered water at the time of
sampling, avoiding drift between sampling and analysis.

2. A water sample was filtered at 0.45 pm to remove particulate material, so that the

analysis reflects the dissolved fraction only.

Samples were stored at 4—8 °C to suppress biological activity until analysis.

4. The remaining five parameters were analysed within few days of collection.

w

3.3 Sampling locations

Sampling locations were selected by RAUTAS. The design requirement for inverse modelling is
nesting. The value of a sample depends on its position in the network relative to the other
samples. The plan therefore aimed for at least one sample per branch at each confluence, so
that the contribution of each arm can be resolved.



The realised locations differ from the plan in two respects. Some sites were not reachable by
car or on foot, and some small creeks were dry at the time of sampling. Where a planned site
could not be used, a duplicate sample (two samples at the same point) was taken at another
location instead. Duplicates quantify analytical repeatability and test the well-mixed assumption.
Results are given in Section 4.1.

103 samples were taken in total. After merging duplicates and applying the corrections
described in Section 3.4, 87 sampling points entered the model. Coordinates for all sites are
given in Appendix B.

3.4 Data cleaning

The inverse model requires each observation to correspond to one node on the modelled river
network. Four corrections were applied. The raw dataset is delivered unmodified (Appendix A),
so each step can be audited.

1. Duplicate samples. Where two samples were taken at the same location, the arithmetic
mean of the two sets of values was assigned to the lower sample ID and the higher ID removed.
For example, where sample 6 was a duplicate of sample 5, sample 6 was removed and sample
5 retained with the mean of both measurements.

2. Separate streams unresolved by the flow-direction raster. The flow-direction raster has a
90 m grid. In one location, two sample points lay on separate streams that the raster resolves as
a single channel, and the two points were averaged into one. At 90 m, small parallel channels



and the finest headwater branches are not resolved individually. This sets a lower limit on the
spatial resolution of the output maps (Section 5.3).

3. Sample point positions. Field coordinates do not fall exactly on the raster stream network,
as a result of GPS accuracy and the 90 m grid. Points were snapped to the nearest cell on the
raster stream so that each sample is assigned to the correct position in the network topology.
Original and corrected coordinates are both retained in the delivered dataset (Appendix B).

4. Values at or below the analytical range. The inverse model requires strictly positive
concentrations. Three cases were substituted. Sulphate returned 0 mg/l at sample 6 and -3
mg/l at sample 8, both below the lower limit of the analytical range of 2 mg/l; both were set to 1
mg/l, half the limit. Potassium was below the lower limit of 5 mg/l at samples 27 and 29; both
were set to 2.5 mg/l, applying the same half-the-limit rule. Sample 9 also read -3 mg/I for
sulphate but is a duplicate of sample 8 and was merged under rule 1, so it does not appear
separately.

Of the 103 samples collected, 87 sampling points entered the inverse model after the
corrections above.

3.5 Model setup
Subcatchment delineation

Subcatchments were delineated from the corrected sample points and the river network. The
network and flow directions are taken from the Hydrography90m D8 flow-direction dataset, a
global 90 m drainage product. Each sampling point defines the outlet of one subcatchment, so
the 87 model points yield 87 subcatchments covering the sampled part of the Omme A network.
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Figure 3.2 — Subcatchments delineated from the corrected sample points.

Each subcatchment is identified throughout this report by the sample identifier of the point at its
outlet. The map below gives those identifiers and can be used to locate any subcatchment
referred to in Sections 4 and 5.

Omme A — Sub-catchment ID reference map
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Figure 3.3 — Subcatchment reference map. Each of the 87 subcatchments is labelled with the identifier of the
sample at its outlet; red dots mark the sampling points.

Network topology

The model represents the sampling campaign as a directed network. Each sampling point is a
node, and each connection carries flow from an upstream node to the node below it. This



structure is what makes the inversion possible, because a sample taken below a confluence
constrains the sum of the samples above it. The network below is the one used for all five
parameters.
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Figure 3.4 — The 87 sampling points as a directed network. Flow runs from top to bottom; each junction is a
confluence at which the contributions of the two arms are separated. Node labels are sample identifiers.

Regularisation strength

The regularisation strength was selected separately for each parameter from the trade-off curve
between data misfit and solution roughness. The value at the elbow of that curve was used.
Beyond it, further smoothing increases misfit without materially simplifying the solution, and
below it the solution gains roughness without improving the fit. The values used are A = 0.001
for electrical conductivity, chloride, potassium and nitrate, and A = 0.00251 for sulphate.

Decay constants

The model can apply a first-order loss along each reach, so that the signal leaving a
subcatchment decays as exp(—k x distance) before reaching the next sample site downstream.
The values used are:

Parameter k (1/km) Basis

Electrical conductivity 0 Bulk sum of largely conservative



ions; no decay mechanism
applies

Chloride 0 Reference conservative tracer;
controlled by mixing alone

Sulphate 0 Conservative in oxic running
water
Potassium 0 Near-conservative; summer

uptake is largely reversible

Nitrate 0.004 Removed permanently by
denitrification

EC, chloride, sulphate and potassium were run at k = 0. None of these has a removal
mechanism operating in the water column of a lowland river over the travel distances involved,
so zero is the physically correct value rather than a default.

Nitrate was run at k = 0.004 /km. No measurement of in-stream nitrate removal exists for Omme
A, so the value was derived by scaling two independent published relationships to the hydraulic
size of the river. Tracer-based uptake lengths from the LINX Il programme indicate 0.006-0.013
/km; network-calibrated SPARROW loss constants indicate 0.0003—0.0017 /km. The two differ
because the first represents summer base flow, when biological activity is highest, and the
second annual load budgets, which are dominated by high winter flows. The geometric mean of
the two routes, 0.004 /km, was adopted. The plausible span is 0.001-0.010 /km.

The value is based on denitrification alone, which permanently removes nitrogen, rather than on
total uptake. LINX Il found denitrification to be about 16 per cent of total nitrate uptake, the rest
being assimilation into biomass that is released again further downstream; using total uptake
would overstate downstream loss several-fold. At k = 0.004 /km the implied loss is 4.9 per cent
over the median reach length of 12.6 km and 21 per cent over a 60 km nested path. Danish
national modelling puts total nitrogen retention at 21 per cent of gross riverine load, which
includes lakes and wetlands, so 0.004 /km is a generous rather than a conservative central
estimate.

4. Results

The values in this section describe how the measured concentrations relate to one another
across the catchment. They are not intended for comparison against regulatory thresholds. The
purpose of the analysis is to show where substances entering the river originate and how
strongly different areas contribute relative to each other, not to judge whether any limit has been
exceeded.

13



4.1 Measured data overview

Summary statistics for all 103 samples, as measured before the corrections described in
Section 3.4:

Parameter n Minimum Median Mean Maximum
Electrical 103 137 246 258 618
conductivity

(uS/cm)

Chloride, CI 103 16.0 24.3 27.8 149.0
(mg)

Sulphate, SO > 103 -3.0 24.0 24.6 59.0
(mg)

Potassium, K* 100 5.30 8.96 9.13 14.25
(mg)

Nitrate, NO_-N 103 0.26 1.66 2.06 9.04
(mg)

Orthophosphate, 2 0.57 — 0.57 0.58
PO,-P (mg/l)

Two entries need explanation. The sulphate minimum of -3 mg/l is a reading below the lower
limit of the analytical range and is not a concentration. It was substituted before modelling
(Section 3.4). Potassium was quantified at 100 sites. Two returned values below the 5 mg/I limit
of the test and one sample was not analysed.

Orthophosphate was below the detection limit of 0.05 mg/l at 101 of 103 sites. The only
measurable values were 0.572 and 0.578 mg/l at samples 8 and 9, which are a duplicate pair
and therefore a single location. This is a result rather than a gap. Under baseflow conditions
dissolved orthophosphate is not a diffuse pressure in the Omme A catchment, and the one
location where it is measurable stands out clearly against the rest of the network.

Analytical repeatability

Eleven duplicate pairs were taken, two samples at the same location, giving an empirical check
on analytical repeatability and on the well-mixed assumption (Section 3.3). The relative
difference between the members of each pair was:

Parameter Median difference Largest difference
Electrical conductivity 23% 51%

Chloride 0.6 % 121 %

Sulphate 3.6 % 211 %

14



Potassium 4.2 % 12.3 %

Nitrate 1.9% 16.3 %

Median repeatability is within 5 per cent for every parameter. The largest single differences
occur for sulphate and nitrate at sites where absolute concentrations are low, so a small
absolute difference produces a large relative one. Repeatability of this order is well below the
spatial variation the model resolves.

The measured value at each sampling point and the modelled source concentration of the
corresponding subcatchment, for all 87 model points and all five modelled parameters, are
delivered as a CSV file listed in Appendix D.

4.2 Model fit

The model reproduces the observed concentrations by routing the fitted subcatchment source
concentrations back downstream. Agreement between observed and predicted values is the
primary check on whether the drainage network, the sample positions and the mixing
assumption are sound.

Chloride is the diagnostic case. It is conservative, so at k = 0 the model must reproduce the
observed pattern. A failure here would indicate a problem in the network, the sample locations
or an unaccounted source, and no decay constant would correct it. Sulphate at k = 0 gives a
second, independent check. Both pass, so the inferred nitrate result carries meaning.

The plots below show observed against predicted concentrations for each parameter on

logarithmic axes. The grey line is the 1:1 relationship; points on that line are reproduced exactly.
Each parameter is shown at the regularisation strength selected in Section 3.5.

15
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Predicted Potassium concentration mg/kg

Figure 4.5 — Observed

Fit statistics

Parameter n
Electrical 87
conductivity

Chloride 87
Sulphate 87

Nitrate (NO,-N) 87

Potassium 87
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3° «!.‘ o
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6 x 10°
4%10°
°
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Observed Potassium concentration mg/kg

against predicted, potassium.

R? (log,,)

0.970

0.818
0.983
0.915

0.760

RMSE

14.5 uS/cm

8.3 mg/l
1.6 mgl/l
0.58 mgl/l

0.80 mg/!

Mean absolute
relative
residual

1.5%

24 %

27 %

10.8 %

6.0 %

Sites deviating
>20 %
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The four conservative tracers are reproduced closely. The mean absolute deviation is 1.5 per
cent for electrical conductivity, 2.4 per cent for chloride and 2.7 per cent for sulphate. Potassium
is higher at 6.0 per cent, which falls to 3.9 per cent once the two substituted samples are
excluded. The mixing model, the drainage network and the sample positions are therefore
sound, and the nitrate result rests on a validated basis.

Twenty-six of the 87 sampling points are headwater sites with no sampled tributary above them.
At those points the model has nothing to unmix, so the predicted value equals the measurement
by construction and contributes nothing to the assessment of fit. Counting only the 61 points
where the model is actually constrained, the proportion reproduced to within half a per centis 75
per cent for chloride, 66 per cent for electrical conductivity, 59 per cent for potassium, 56 per

18



cent for sulphate and 51 per cent for nitrate. The deviation figures above are unaffected, since a
zero residual at a headwater site neither inflates nor reduces a mean.

Nitrate deviates more, as expected for a non-conservative determinand. The mean absolute
deviation is 10.8 per cent and 15 sites deviate by more than 20 per cent. A single decay
constant applied across the whole network cannot capture reactivity that varies with river size
and residence time. The nitrate map is consequently a pattern rather than a set of absolute
values.

For chloride the R? calculated on untransformed values is 0.63, lower than the 0.82 obtained in
log space. The difference is caused by a single high-leverage point, sample 8, and does not
indicate a poorer fit across the rest of the network.

Sites that depart markedly from the 1:1 line show where the network model and the
observations disagree. Under-prediction points to an input the network structure does not
account for. Over-prediction points to local removal, or to a sample that is not representative of
the full cross-section. Four sites stand out. Sample 10 is over-predicted in conductivity, chloride
and nitrate at once. Sample 8 has an observed chloride of 140.5 mg/l, more than twice the
predicted value. Samples 49 and 39 have sulphate and nitrate both over-predicted.

For potassium, the two points furthest from the 1:1 line are samples 27 and 29. Both were below
the analytical range and were substituted at 2.5 mg/l before modelling (Section 3.4), so their
apparent misfit reflects the substitution rather than a failure of the model. Sample 27 deviates by
151 per cent purely as a consequence of the substituted value. Excluding both raises the
potassium R? from 0.760 to 0.810 and reduces the mean absolute deviation from 6.0 to 3.9 per
cent, and reduces the number of sites deviating by more than 20 per cent from seven to five.

Solver objective values were 9.48 for electrical conductivity, 9.73 for chloride, 9.65 for sulphate,
10.07 for potassium and 10.80 for nitrate. These are not comparable between parameters and
are recorded for reproducibility only.

4.3 Upstream concentration maps

Each map shows the modelled source concentration for every subcatchment. That is the
concentration the area contributes to the river once dilution is accounted for. All maps use the
decay constants given in Section 3.5. Conservative tracers are presented first.

19
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Figure 4.7 — Upstream concentration map, chloride (Cl, mg/l). k = 0.
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Figure 4.8 — Upstream concentration map, sulphate (SO,?, mg/l). k = 0.
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Figure 4.9 — Upstream concentration map, potassium (K%, mg/l). k = 0.
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Nitrate

Nitrate is not conservative. The map below is the result at k = 0.004 /km, and is read with the
caution set out in Sections 3.1 and 5.3.
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Figure 4.10 — Upstream concentration map, nitrate (NO,-N, mg/l). k = 0.004 /km.
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Orthophosphate

Orthophosphate was below the detection limit of 0.05 mg/I at all sites except samples 8 and 9,
SO no upstream concentration map was produced. See Section 4.1.

5. Findings

5.1 Source patterns

This section presents the spatial patterns in the modelled source concentrations and points out
the features that stand out in the data. RAUTAS does not attribute these features to specific
land uses, holdings or licensed discharges. That step requires local knowledge of the catchment
held by Kystvandrad Ringkebing Fjord and the local municipalities, and is best taken jointly.

The four conservative parameters peak in different parts of the catchment. Rank correlations
between their modelled source concentrations are low throughout. The strongest is 0.40
between electrical conductivity and chloride, and nitrate is effectively independent of all others
at 0.05 to 0.08. Several distinct pressures are therefore acting on different areas. This is why six
parameters were measured rather than one. No single parameter serves as a proxy for overall
pressure, and only the combination distinguishes one kind of input from another.



Electrical conductivity. Modelled source concentrations span 19 to 2376 uS/cm. The highest
value, in subcatchment 78, is three times the next highest and eleven times the catchment
median. lts measured chloride accounts for only a few hundred uS/cm of that total, so most of
the conductivity comes from ions not covered by this campaign.

Chloride. Modelled source concentrations range from 1.4 to 115 mg/l. The highest values are
localised rather than regional, with subcatchments 49 and 78 well separated from the rest of the
distribution.

Sulphate. Modelled source concentrations range from 1 to 84 mg/l. Subcatchment 13 combines
the highest sulphate with almost the lowest chloride in the dataset. The high values show no
spatial grouping. Their average position along the catchment is indistinguishable from that of the
catchment as a whole.

Potassium. Modelled source concentrations range from 0.36 to 126 mg/l, the widest relative
spread of any parameter. Subcatchment 41 carries the maximum, an order of magnitude above
the catchment median.

Nitrate. Modelled source concentrations range from 0.05 to 13.1 mg/I, distributed more evenly
across the catchment than the other parameters, with no spatial clustering of the high values.

Two subcatchments are elevated in more than one parameter and deserve special attention.
Subcatchment 78 carries the highest source concentration for electrical conductivity and the
second highest for chloride. Subcatchment 49 carries the highest chloride. Sample 8, in the
same part of the network, is the only site in the campaign with measurable orthophosphate.

5.2 Advantages of inverse modelling

Measured concentrations describe sampling points. The modelled source concentrations
describe areas of land. The difference matters most where the two disagree.

Subcatchment 101 is the clearest case in this dataset. The water sampled there contained 1.7
mg/l of nitrate, indistinguishable from the median of all 103 samples at 1.66 mg/l. Nothing in the
measurements would make anyone look at it twice. The model puts the source concentration of
that subcatchment at 6.1 mg/l, more than six times the catchment median and among the ten
highest in the catchment. The area contributes a considerably, but by the time its water reaches
the sampling point it has been diluted by cleaner water joining from upstream, and the signal
has almost disappeared.

This is what the method adds. It finds contributions the raw measurements hide. The same

pattern appears for sulphate at subcatchment 11 and chloride at subcatchment 48, both of
which measured at or below the catchment median.

23



Mixing also compresses the overall range. Across the middle 90 per cent of subcatchments,
measured conductivity spans a factor of 2 while the modelled source concentrations span a
factor of 10. For chloride the comparison is 1.7 against 11.9, and for nitrate 13.7 against 82.9. A
map of measured values understates the difference between the cleanest and the most affected
areas several times over.

Parameter Range of measured values Range of modelled source
concentrations

Electrical conductivity 137 — 608 puS/cm 19 — 2376 puS/cm
Chloride 16 — 140 mg/l 1.4 - 115 mgl/l
Sulphate 1—-59 mgl/l 1 -84 mgl/l
Nitrate (NO,-N) 0.26 — 9.04 mg/l 0.05-13.1 mg/l
Potassium (K*) 5.3-14.3 mg/l 0.36 — 126 mg/l

The result is also a baseline. Repeating the campaign under comparable conditions would show
whether individual subcatchments have changed, which unreferenced point measurements
could not.

5.3 Limitations and uncertainty

The following bound what the results can be used for. They are properties of the method and of
a single-campaign design rather than faults in the data.

Concentration, not load. The maps show the concentration each subcatchment contributes,
corrected for dilution. They do not show mass flux. A small subcatchment with a high source
concentration may deliver less mass to the fjord than a large one with a moderate
concentration. Prioritising measures on concentration alone would therefore be misleading;
combining these maps with subcatchment area and runoff gives the load.

One point in time. The campaign represents stable summer baseflow (Section 2.2). Danish
nitrate export is dominated by winter high flow, when pathways and travel times differ. These
results describe the groundwater-dominated baseflow signal, which is the most stable and most
repeatable state, but they do not describe the annual load.

Nitrate is not conservative. A first-order decay constant is an approximation of denitrification
and biological uptake. A single value is applied across the whole network although reactivity
varies with river size, and decay and source strength trade off against one another in the fit. The
nitrate map is therefore less certain than the conservative tracers, and is best read as a pattern
rather than as absolute values.
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Orthophosphate could not be mapped. Values were below the detection limit of 0.05 mg/l at
all but two sites. This is itself a result, since orthophosphate is low throughout the sampled
network, but no source map can be derived from censored data.

Substituted values. Four measurements fell at or below the analytical range and were
substituted at half the detection limit before modelling. These were sulphate at samples 6 and 8,
and potassium at samples 27 and 29 (Section 3.4). Those parameters carry no quantitative
weight at those sites. Orthophosphate was below the limit almost everywhere and was not
modelled.

Spatial resolution. The flow-direction raster has a 90 m grid, so small parallel channels and the
finest headwater branches are not resolved individually, and in one location two sample points
had to be merged. Subcatchment boundaries are accurate to that grid.

Regularisation. The problem has more subcatchments than independent observations, so a
smoothness penalty is applied. The maps show the simplest source distribution consistent with
the data, not the only one. A sharp local input may appear spread across neighbouring
subcatchments.

Dry headwaters. Some planned headwater sites were dry and could not be sampled, so a few
headwater subcatchments are constrained only indirectly, through the samples below them.

5.4 Qualitative interpretation

This section reads the five parameters together. Where an area stands out in one but not the
others, the combination narrows the possible explanations. It does not identify a source. That
requires local knowledge held by the respective municipalities and Kystvandrad Ringkabing
Fjord. Everything here is a hypothesis to be checked.

Each subcatchment’s modelled source concentration is divided by the catchment median, giving
its enrichment factor; an area is called enriched at twice the median or more. The maps in
Section 4.3 colour from the lowest value to the highest, so a single extreme area compresses
everything else into one shade. Dividing by the median instead asks how unusual an area is for
this catchment, which no single outlier can distort.
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[1 no parameter enriched (33) I NOs + K — manure or NPK fertiliser (3)

I NOs — fertiliser or manure (20) Il Cl| + K— wastewater or slurry (2)

Il 50 — drainage of pyrite-bearing ground (12) [ other combination (5)

B C| — wastewater or road salt (6) — outlined: at least one parameter = 4x median (26)
|

NO: + SOs — fertilised land on drained ground (6)

Figure 5.1 — Enriched parameters in each subcatchment. Outlined areas have at least one parameter at four times
the catchment median or more.

Enriched Suggests But could also be

Cl only Wastewater Road salt

Cl+K Wastewater or slurry —

NO, + K Manure NPK fertiliser

NO, only Mineral fertiliser Manure, where K stayed in the soil
NO, + SO, Fertilised land on drained ground The two coinciding by chance

SO, only Drainage of wet, iron-rich ground Naturally sulphate-rich geology

None of these is diagnostic. Every row has an alternative. No pattern groups spatially either.
Enriched areas of each type occur along the whole catchment.

Four areas stand out most sharply. Subcatchment 13 has sulphate at 5.2 times the median
while everything else sits below a tenth of theirs. Subcatchment 49 has chloride at 5.0 times, all
else below median. Subcatchment 8 has chloride at 2.8 times and is the only site in the
campaign with measurable orthophosphate, an independent indicator of domestic effluent that
was not used here. Subcatchment 41 has potassium at 15.1 times, the largest enrichment
anywhere.



Nitrate is the most widely spread parameter: 31 of 87 subcatchments are enriched, against 10
for chloride. Its middle half spans 0.21 to 2.71 mg/l, so elevated nitrate is a general condition
across the catchment rather than a few hotspots.

The thresholds are lines drawn through continuous data, and enrichment is measured against
this catchment’s own median, which is neither an unimpacted baseline nor a standard. Most
combinations fit more than one origin. Small subcatchments are less firmly constrained by the
model. Three of the 26 outlined are under 2 km?, and nitrate also depends on an assumed
decay constant. The classification rests on five parameters measured once at low flow, and
should not be the sole basis for action affecting an identifiable property or holding.

6. Recommendations and Outlook

The following suggestions follow from the results.

Repeat the campaign under different flow conditions. These results describe stable summer
baseflow. Danish nutrient export is dominated by winter high flow, when pathways and travel
times differ. Repeating the campaign at least once per season, using the same sampling
network, would show which patterns persist and which are seasonal.

Consider continuous monitoring at a small number of points. The results identify where
continuous nitrate monitoring would be most informative. Instrumenting a small number of
subcatchments would convert a single snapshot into a time series, and would capture the winter
export that a summer campaign cannot.

Extend the method to the remaining Skjern A catchment. Omme A is one tributary of the
system feeding Ringkgbing Fjord. The same method applied to the remaining Skjern A
catchment would give comparable maps for the whole system, on a consistent basis.
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8. Appendices

The complete datasets are reproduced below. They are also delivered as CSV files, which are
the authoritative versions.

A — Raw measurement data

All 103 samples as recorded in the field and laboratory, before the corrections described in Section 3.4. Values

shown as "< 0.05" were below the detection limit; "—" means not analysed.
ID EC PO,-P NO_-N K S0 cr Sampled Note
pS/cm mgl/l mg/l mgl/l mgl/l mgl/l
1 364 <0.05 6.15 10.58 22 17.52 07-21 16:39
2 271 <0.05 2.69 9.55 22 24.94 07-21 16:57
3 144 <0.05 1.71 6.61 11 22.65 07-2117:27
4 148 <0.05 1.70 7.07 12 22.52 07-21 17:30 Duplicate of 3
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20

21

22

23

24

25

26

27

28

29

30

31

EC
pS/cm

280

306

280

599

618

191

367

367

386

277

295

267

306

313

342

337

205

208

339

321

232

217

293

296

151

171

239

PO -P
mg/l

<0.05
<0.05
<0.05

0.572

0.578

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

NO_-N
mgl/l

1.34

0.39

mg/l

8.53

11.60

14.25

11.26

11.26

6.45

7.29

7.97

7.31

10.04

8.37

13.44

8.09

8.22

7.70

6.68

7.38

8.58

6.28

7.27

12.15

9.62

<5

9.80

<5

5.30

13.62

ok
mg/l

23

-3

-3

24

27

31

31

21

24

24

22

22

28

20

21

35

20

28

45

Cr

mg/l

22.84

19.57

22.08

149

132

15.97

23.88

23.94

22.14

34.83

35.24

22.78

20.56

20.87

20.91

20.71

23.19

21.67

21.00

21.95

19.53

19.66

21.72

26.11

23.50

21.38

26.27

Sampled

07-21 17:44

07-21 18:03

07-21 18:25

07-21 18:43

07-21 18:50

07-21 19:06

07-21 19:17

07-21 19:20

07-22 06:32

07-22 06:46

07-22 06:53

07-22 07:01

07-22 07:11

07-22 07:13

07-22 07:17

07-22 07:25

07-22 07:36

07-22 07:53

07-22 07:58

07-22 08:15

07-22 08:28

07-22 08:42

07-22 08:48

07-22 09:10

07-22 09:29

07-22 09:44

07-22 10:00

Note

Duplicate of 8

Duplicate of

1"

Duplicate of

17

29



32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

EC
pS/cm

260

230

184

255

267

259

246

203

170

165

171

177

212

188

188

180

188

305

236

171

177

137

238

188

229

193

148

PO -P
mg/l

<0.05
<0.05
<0.05
<0.05
<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

NO_-N
mgl/l

212

6.32

4.49

1.91

2.09

4.22

2.07

0.44

4.67

4.63

2.14

4.45

1.76

mg/l

9.07

12.55

10.55

10.70

7.86

5.70

5.72

12.31

7.30

10.07

9.89

8.94

n/a

10.87

11.58

10.18

9.25

7.63

8.60

6.02

8.44

8.75

8.25

9.44

8.84

10.43

9.86

ok
mg/l

29

22

21

22

31

28

26

27

28

20

27

22

20

21

21

29

22

22

Cr

mg/l

22.21

22.60

19.64

23.54

22.58

22.55

23.13

23.14

21.53

21.77

21.56

21.48

28.42

27.70

27.61

21.70

22.95

66.65

23.85

24.11

24.25

25.42

23.09

26.61

22.81

24.02

23.01

Sampled

07-22 10:10

07-22 10:24

07-22 10:44

07-22 11:03

07-22 11:19

07-22 11:33

07-22 11:36

07-22 11:52

07-22 12:02

07-22 12:48

07-22 13:02

07-22 13:04

07-22 13:35

07-22 13:40

07-22 13:40

07-22 13:56

07-22 14:07

07-22 14:27

07-22 14:38

07-22 15:20

07-22 15:25

07-22 15:35

07-22 15:46

07-22 15:55

07-22 16:31

07-22 16:47

07-22 16:51

Note

Duplicate of
37

Duplicate of
42

Too small

Duplicate of
45

Parallel
stream to 57,
handled as

30



59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

EC
pS/cm

227

293

267

246

258

263

347

325

325

329

338

367

330

352

345

205

191

175

190

212

217

198

178

271

252

202

PO -P
mg/l

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

NO_-N
mgl/l

mg/l

12.10

12.86

10.51

9.64

9.60

10.86

8.82

9.09

8.38

7.86

7.46

8.97

7.01

8.76

9.91

8.68

8.38

5.80

8.04

8.85

8.49

10.20

8.37

9.44

11.98

9.46

ok
mg/l

36

59

40

37

32

34

41

40

34

30

39

33

36

34

26

23

24

23

21

21

20

26

29

CI
mg/l

27.24

30.02

26.41

26.72

28.48

28.62

28.30

29.37

29.54

30.92

32.54

32.30

33.90

34.39

34.45

25.14

25.85

22.52

24.49

24.84

24.74

22.75

23.33

24.27

23.12

25.97

Sampled

07-22 17:06

07-2217:12

07-22 17:26

07-22 17:38

07-22 17:56

07-22 18:04

07-22 18:12

07-22 18:29

07-22 18:29

07-22 18:41

07-22 18:51

07-22 18:57

07-22 19:05

07-22 19:12

07-22 19:15

07-22 19:30

07-22 19:48

07-22 19:59

07-22 20:06

07-22 20:13

07-22 20:15

07-22 20:28

07-22 20:32

07-23 06:55

07-23 07:01

07-23 07:43

Note

duplicate

Duplicate of

66

Duplicate of

72

Duplicate of

78

31



85

86

87

88

89

90

91

92

93

%4

95

96

97

98

99

100

101

102

103

EC
pS/cm

203

251

233

198

224

314

326

224

296

295

294

252

296

289

299

232

235

240

238

PO -P
mg/l

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

NO_-N
mgl/l

1.41

414

1.94

1.55

1.60

1.70

mg/l

9.87

8.76

9.50

5.80

6.87

8.95

9.82

9.31

8.50

8.58

12.26

11.35

9.69

9.69

8.51

9.89

9.40

9.31

SO
mg/l

27

23

22

21

22

36

39

25

30

30

29

33

29

28

22

21

20

21

CI
mg/l

26.05

24.45

23.89

24.32

24.76

32.08

31.70

30.44

28.68

29.61

29.28

27.97

28.54

28.78

28.42

25.83

26.38

25.97

25.85

Sampled

07-23 07:46

07-23 08:05

07-23 08:16

07-23 08:29

07-23 08:39

07-23 08:54

07-23 08:55

07-23 09:10

07-23 09:30

07-23 09:32

07-23 09:43

07-23 09:51

07-23 10:03

07-23 10:10

07-23 10:11

07-23 10:28

07-23 10:40

07-23 10:47

07-23 10:58

Note

Duplicate of

84

Duplicate of

90

Duplicate of

93

Duplicate of

98
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B — Sample point coordinates

Actual field locations of all 103 samples, WGS 84 decimal degrees, before the corrections described in Section 3.4.
Corrected model-input coordinates are delivered as CSV.

ID X (°E) Y (°N) ID X (°E) Y (°N)

1 9.375048256 55.75303648 53 8.900852221 55.84435917
2 9.352451064 55.75576622 54 8.889827897 55.83712427
3 9.308343361 55.75358903 55 8.887243988 55.83432361
4 9.308290756 55.75360058 56 8.864862737 55.83689464
5 9.348617002 55.76135789 57 8.844697745 55.81308475
6 9.352848083 55.77079025 58 8.845890065 55.81423713
7 9.360881391 55.79869849 59 8.819618989 55.78940224
8 9.342012753 55.81942266 60 8.814271187 55.78050715
9 9.341925647 55.81917023 61 8.769138211 55.78267849
10 9.314419668 55.79647472 62 8.757226152 55.79259978
11 9.319885558 55.78105477 63 8.705303766 55.77383986
12 9.319654449 55.78107596 64 8.693322046 55.76276403
13 9.266528525 55.79012588 65 8.66262552 55.77872802
14 9.268541132 55.82031849 66 8.61324645 55.79626627
15 9.259786213 55.81442033 67 8.613212062 55.79627856
16 9.262776868 55.80991652 68 8.630821078 55.8033863
17 9.23387006 55.8055197 69 8.669585279 55.80977391
18 9.233888999 55.80553787 70 8.688702408 55.80815286
19 9.234049063 55.80458518 71 8.681534081 55.81598229
20 9.22657407 55.80441919 72 8.694863162 55.8197175
21 9.230083499 55.78391789 73 8.694999336 55.81981697
22 9.203832345 55.79740455 74 8.756221388 55.82199559
23 9.203677677 55.79928743 75 8.761552757 55.83318357
24 9.176690528 55.80011769 76 8.761001079 55.84923663
25 9.168134475 55.80977489 77 8.756731825 55.85067768
26 9.142690138 55.80881244 78 8.755636484 55.85595317
27 9.140491627 55.80882808 79 8.755752163 55.85590132
28 9.147072402 55.76619703 80 8.790226861 55.84180692
29 9.105454812 55.77177165 81 8.790015891 55.8402499
30 9.057530012 55.76958153 82 8.794222252 55.85620459
31 9.021581191 55.80732644 83 8.793060177 55.85791331



32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

X (°E)
9.056555989
9.055214388
9.108769624
8.994973131
8.997599722
8.936490675
8.936470449
8.97749771
8.993627961
8.980507419
8.922343314
8.922208711
8.880599431
8.87823098
8.878189584
8.914763262
8.888697396
8.917124239
8.896340351
8.940069376

8.936634017

Y (°N)
55.81418565
55.85306166
55.8276118
55.84012418
55.83703427
55.83540944
55.83545936
55.80905263
55.78268407
55.78619565
55.8026366
55.80266473
55.79921081
55.79757992
55.79762479
55.80602512
55.81514595
55.83196001
55.83700487
55.83183595

55.82963441

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

X (°E)
8.755915315
8.756031543
8.761264862
8.740374429
8.73236774
8.735583965
8.712661956
8.712654335
8.655908575
8.667262695
8.667244164
8.632588345
8.620712355
8.604753887
8.61088849
8.610864237
8.619021653
8.590402367
8.575690293

8.560740362

Y (°N)
55.88805778
55.88804715
55.86029954
55.87261443
55.87871772
55.87554769
55.8447336
55.84475583
55.85655632
55.87252292
55.87252791
55.88197411
55.8856854
55.89466225
55.89918861
55.8992378
55.91390078
55.92438968
55.92743746

55.93131375
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C — Model fit

Observed and predicted concentrations at all 87 model points, per parameter. EC in uS/cm, all others in mgl/I.

ID

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

39

EC obs

364

271

146

280

306

280

608.5

191

386

277

295

267

309.5

342

337

205

208

339

321

232

217

293

296

151

171

239

260

230

184

267

252.5

203

EC pred

364

271

146

280

306

280

505

259.7

367

366.6

277

295

267

309.5

350

337

205

208

335.5

312.5

232

217

302.4

296

151

171

239

264

230

184

255

252

246

203

Cl obs

17.52

24.94

22.59

22.84

19.57

22.08

140.5

15.97

23.91

22.14

34.83

35.24

22.78

20.71

20.91

20.71

23.19

21.67

21

21.95

19.53

19.66

21.72

26.11

23.5

21.38

26.27

22.21

22.6

19.64

23.54

22.58

22.84

23.14

Cl pred

17.52

24.94

22.59

22.84

19.57

22.08

65.21

30.7

20.72

22.37

34.83

33.3

22.78

24.75

21.37

21.45

23.19

21.67

21

21.95

19.53

19.66

21.72

26.11

235

21.38

26.27

22.21

22.6

19.64

23.54

22.24

21.85

23.14

SO, obs

22

22

11.5

23

15

10

25.5

31

31

19

24

24

12

13

22

22

28

20

21

35

20

28

45

29

30

23

19

22

21.5

31

SO, pred

22

22

11.5

23

15

10

25.5

26.77

31

19

25.6

24

12

13

23.37

22

28

20

21.37

35

20

28

42.75

23.66

29.68

23

19.13

22.36

21.5

19.99

K obs

10.58

9.55

6.84

8.53

11.6

14.25

11.26

6.45

10.04

8.37

13.44

8.155

7.7

6.68

7.38

12.15

25

9.8

25

5.3

13.62

5.71

12.31

K pred
10.58
9.55
6.84
8.53
11.6
14.25
11.26
7.2
7.881
6.723
10.04
8.37
12.92

8.722

6.646
7.38
8.58
6.447
6.495
12.15
9.62
6.279
7.242
3.482
53
12.93
8.337
12.55

10.55

7.86
7.982

12.31

NO, obs
6.15
2.69
1.705
1.34
0.45
9.04
1.03
0.8
0.495
1.23
1.66
0.95
3.05
0.98
0.63
1.16
4.97
6.91
0.68
1.41
7.34
4.53
1.65
6.53
0.87
1.37

0.39

3.95
6.32
4.49
1.91
2.1

4.22

NO, pred
5.82
2.233
1.703
1.34
0.45
5.671
0.9986
1.376
0.8871
0.9694
1.218
0.997
2.552
1.383
0.9145
0.9709

4.97

0.9365
1.548
6.987
4.782
1.65
3.538
1.624

1.37

2.054

3.95

4.49
1.891
21

1.877
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40

41

42

45

47

48

49

50

51

52

53

54

55

56

57

59

60

61

62

63

64

65

66

68

69

70

71

72

74

75

76

7

78

80

81

82

EC obs

170

165

174

188

180

188

305

236

171

177

137

238

188

229

170.5

293

267

246

258

263

347

325

348.5

191

175

190

2145

198

178

271

EC pred
169.3
166.5
174
188
180
188
305
240.6
171
177
137
238
188
234.8
170.5
227
293
267
246
258
263
347

325

338
367
330
348.5
205
191
188.7
190
197.3
198
178

252.5

Cl obs

21.53

21.77

21.52

27.66

217

22.95

66.65

23.85

24.11

24.25

25.42

23.09

26.61

22.81

23.52

27.24

30.02

26.41

26.72

28.48

28.62

28.3

29.45

30.92

32.54

32.3

33.9

34.42

25.14

25.85

22.52

24.49

24.79

22.75

23.33

24.27

Cl pred
21.53
21.77
21.52
27.66
21.7
22.95
66.65
23.85
2411
24.25
25.42
23.84
26.61
23.7
23.52
27.24
30.02
26.41
26.72
28.48
28.62
28.3
29.45
30.92
32.54
32.3
33.9
34.42
25.14
25.85
22.52
24.49
24.79
22.75
23.33

24.27

SO, obs
28

26

27.5

20

28

27

22
20
21
14
21
29
22
22
36
59
40
37
31
32
34
405
34
30
39
33
35
26
23
24
23
21
25
20

26

SO, pred
27.25
26.77
27.5
20
27.76
27
11.19
21.63
21.64
21

14
21.44
29

22

22

36

59

40

37

31

32

34
40.5
34

30

39

33

35
26.56
23
23.47
23
22.95
25

20

21.46

K obs

7.3

10.07

9.415

11.22

10.18

9.25

10.14

12.86

10.51

9.64

9.6

8.37

9.44

K pred
7.3
10.07
9.415
11.22
9.529
9.25
7.63

8.458

8.44
8.75

8.449

8.84

10.14

12.86
10.51
9.64
9.6
10.86
8.82
8.735

7.86

8.97
7.01
9.335
8.68
8.38
8.183
8.165
8.249
8.423
8.37

8.713

NO, obs
2.07

2.06

4.65
2.14
2.76
0.44
1.82
0.26
0.35
1.97
1.83
0.54
1.79
3.105
3.98
1.64
1.27
159
0.69
0.88
0.95
1.805
114
1.04
0.87
0.97
0.835
0.92
0.74
1.88
1.07
1.495
2.24
1.49

1.86

NO, pred
2.07

2.06

4.65
2.14
2.501
0.9946
1.866
0.26
0.35

1.97

1.797
2.371
3.762
1.64
1.27
1.134

0.69

1.805
1.14

1.039

0.97
0.8955
1.065
0.8625
1.983
1.501
1.495
2.186
1.653

1.86
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83

84

86

87

88

89

90

92

93

95

96

97

98

100

101

102

103

EC obs

252

202.5

251

233

198

224

224

295.5

294

252

296

294

232

235

240

238

EC pred
252
202.5
251
230.8
229.4
230
320
224
295.5
294
252
296
294
230.7
240.2
240

238.5

Cl obs

23.12

26.01

24.45

23.89

24.32

24.76

31.89

30.44

29.14

29.28

27.97

28.54

28.6

25.83

26.38

25.97

25.85

Cl pred
23.12
26.01
24.45
24.39
24.33
24.39
31.89
30.44
29.14
29.28
27.97
28.54
28.6
25.83
26.14
26.09

25.93

SO, obs
39
28
23
22
21

22

25
30
29
30
33
28.5
22
21
20

21

SO, pred
39

28
21.89
22.07
21.94
22
36.61
25
30.34
29

30

33
285
20.86
22.03
21.99

21.87

K obs

11.98

9.665

8.905

8.58

12.26

11.35

8.51

9.89

9.4

K pred
11.98
9.665
8.76
8.51
8.451
8.477
791
9.82
8.905
8.58
12.26
11.35
9.69
8.51
9.418
9.4

9.336

NO, obs
2.56
1.07
1.85
1.86
1.78
1.81
0.765
5.03
1.33
1.41
414
1.94

1.575

NO, pred
2.56

1.07
1.851

1.821
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D — Digital deliverables

Upstream concentration maps for all five modelled parameters as GeoTIFF and as static maps. A CSV of the
measured value and modelled source concentration for each of the 87 subcatchments. A GeoPackage of the 87
subcatchments carrying the modelled source concentration and area. The measured and modelled raw data and the
sample coordinates are attached as CSV files.

This report was prepared by RAUTAS UG (haftungsbeschrankt) for Kystvandrad Ringkabing Fjord,
under offer SK-20260520-01 of 20 May 2026.

Sampling, laboratory analysis, inverse modelling and reporting were carried out by Frederik Plesch,
Managing Director of RAUTAS.

RAUTAS UG (haftungsbeschrankt) - HofstralRe 8 - 51688 Wipperfirth - frederik.plesch@rautas.com
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