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Why does this matter?
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Models often calibrated sequentially:
first discharge, then water quality

Risk:
good hydrology # good nutrient
representation

Lowland agricultural catchments
y - high phosphorus pressure

(MELUND, 2018)

Surface water according to EU Water Framework Directive
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Study area: Kielstau catchment

A Legend
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Y Gauge Soltfeld
Y Wastewater treatment plant
% Weather station

* Area: 50 km? » Temperate maritime climate
* Length of river: 17 km « Characterized by near-surface groundwater
« UNESCO demonstration site for ecohydrology since 2010  Agriculture dominated, with = 38% of tile drained
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Measurements at the Outlet

Outlet Gauge Soltfe
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Continuous daily composite
sampling since 2007:

* Discharge

* Total Phosphorus

* Particulate Phosphate

* Suspended Sediment

* Many more

(Risch et al. 2024)
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Daily Data

Dynamic Trendline = Orientation Value
%o - Linear Trendline Background Value
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Model Setup (Version 61.0)
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DEM (LVA, 2004) Soil map (BGR, 1999) Land use 2016 (survey)
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(Wagner et al. 2022)

Weather data: since 2010 precipitation measured within the catchment,
other variables from a weather service station outside the catchment
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Most Impactful Model Adaptations for Sediment and
Phosphorus Simulation

Fertilizers (updated mineral and organic phosphorus contents, revised fertilizer application
timings) (Based on KTBL, 2009 & 2018; Fertilization Guidelines 2019, 2022 & 2023)

Crop Parameters (days to maturity, harvest biomass, harvest index, harvest efficiency,
potential leaf area index) (Based on KTBL, 2009 & 2018; regional recommendations)

Wastewater Treatment Plants (implementation of six WWTPs with regional discharge and
phosphorus concentrations) (Based on Wasserverband Nord, 2008-2021)

Channel Morphology (updated channel width and slope) (Based on recent field measurements)
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Calibration parameters

Parameter

Description / Location

* 25 sensitive parameters

(manual OAT sensitivity analysis)

- How do we objectively select one balanced parameter set?

Discharge

CN2 | curve number condition Il (dimensionless)

CN3 = |_curve number condition Ill (dimensionless) - .
ESCO - ~ Soil evaporation compensation coefficient (dimensionless)
LATQ_CO Lateral flow coefficient (d/mm)

- PERCO | Percolation coefficient for vertical flow through the soil profile (mm/day)
SOL_AWC - Available water capacity of the soil layer (mm H20/mm soil)
SURLAG Surface runoff lag coefficient (d)

TILE_DDRAIN ' Depth of drain tile (mm)
TILE_DTIME " Time to drain soil to field capacity (h)
Sediment
ADJ_PKR_SED Factor to adjust peak rate of sediment yield (dimensionless)
ALPHA_BF 7 Baseflow recession constant for fast aquifer (1/d)
ALPHA_BF2 | Baseflow recession constant for slow aquifer (1/d)
CHS | Slope of the main channel (m/m)
HRU_SLP Average slope steepness of the HRU (m/m)
| AT SED . Sediment routina factor for lateral flow (dimensionless)

3S)

CHW
LAT_ORGP
P_UPDIS
PHOSKD
PPERCO
PSP
SOL_P_AQU

Channel width (m)

j Fraction of organic P transported with lateral and tile* flow (mgP/L)

Distance phosphorus can be transported upstream (m)

j Phosphorus sorption coefficient (L/kg)
| Phosphorus percolation coefficient (m3/mg)
| Phosphorus availability index (dimensionless)

Soluble P concentration in the aquifer (mg/kg)
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Synchronous Multi-Objective Calibration Framework

* 10,000 runs generated by Latin Hypercube Sampling

e Simultaneous evaluation of:
* Discharge (D), Total Phosphorus (TP), Sediment (S)

e Performance metrics:
* KGE

» Average Duration Curve Signatures (5 flow classes)

e Euclidean Distance (ED) combines KGE and DC
metrics for each variable

 ED_Total integrates D, TP, and S into one
objective function

e Local refinement with 500 additional simulations

10,000 (500) Runs

Parameter Set X

Discharge (D)

Total Phosphorus (TP) Loads

Sediment (S) Loads

Model Simulation

Very High
High
Medium
Low
Very Low

Very High
High
Medium
Low
Very Low

Signature Measures

Very High
High
Medium
Low
Very Low

Statistical
Performance Metric

l | l
5DDC 5TP DC 55DC
' ! '
Mean Mean Mean
D DC TP DC SDC
EDD ED TP Loads ED S Loads
ED TOTAL
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Multi-Objective

(Adjusted after Haas et al., 2016)
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Multi-objective calibration results

Run 412 with smallest Euclidean Distance (ED = 3.89)

Target Variables KGE PBIAS NSE MeanDC ED
Calibration Discharge 081 -42  0.71 1.38 1.39
01.10.2010 - Phosphorus 0.62 -2.6 0.57 1.29 1.35
30.09.2014 Sediment 0.37 -2 0.1 0.97 1.16
>3.89
0\1/?1'332‘;2 _ Discharge  0.86  -2.7 0.8  0.89
30.09.2018 Phosphorus ~ 0.51  -11.1  0.55 1.94

Sediment 0.04 -45 0.1 2.57
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Performance Trade-offs

 Discharge: consistently best
performance

* Sediment & TP: higher
variation & uncertainty

* No single run optimal for all
variables

* Best overall fit for multi-
objective run
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Comparison of Single- and Multi-Objective Solution

Target

Run . KGE PBIAS NSE MeanDC ED
Variables
Discharge 0.81 -4.2 0.71 1.38 1.39
412 Phosphorus 0.62 -2.6 0.57 1.29 1.35 >3.89
Sediment 0.37 -2 0.1 0.97 1.16
Target
Run . KGE PBIAS NSE MeanDC ED
Variables
Discharge 0.86 2.7 0.77 0.36 0.39
2245 Phosphorus -0.15 13.7 -0.12 4.82 4.96 >18.22
Sediment -0.66 91 -0.28 12.8 12.87
Discharge 0.68 -1.4 0.76 1.99 2
3695 Phosphorus 0.65 8.3 0.45 0.99 1.05 >5.8
Sediment -0.17 70.8 -1.8 2.48 2.75
Discharge 5.2 0.1 0.46 2.5 2.6
1914 Phosphorus 0.47 40.9 0.29 2.5 2.5 55.73
Sediment 0.58 3.6 0.29 0.46 0.63



What does this reveal?

Single-target calibration gives very good D, but acceptable TP and S performance.

Parameter sets optimized for one process deteriorate others.

Multi-objective calibration improves overall robustness, but still keeps some process trade-offs.

Diagnostics beyond KGE, such as flow-regime and segment-based analyses, are essential
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Conclusion w

 Evaluation strategy is as important as the chosen performance metrics.

* Multi-objective calibration with EDs clearly improves the robustness of ecohydrological
simulations, but some trade-offs between hydrology and nutrient dynamics remain
unavoidable.

* For water quality applications, calibration should explicitly and jointly target discharge,
sediment and TP.

* For ecohydrological applications, the best model is not the one with the highest discharge
KGE, but the one that represents all relevant processes consistently.
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Thank you for your attention !
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ABSTRACT ¢ : ’
Phosphorus losses from agriculture remain key drivers of eutrophication in lowland catchments, where flat topography and artifi- & 4 : ‘ 3 (Risch et al. 2022)
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