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Better soil data, better results —
but does it matter more than your
model choice?

Soil-erosion & sediment modelling in the Lake Baldegg catchment, Switzerland

Josua Pangaribuan - S. Gupta - P. Borrelli - T. Cox - C. Alewell

University of Basel - Department of Environmental Geosciences Source: Seetalerbote.ch




THE QUESTION

Two things shape an erosion model, which one wins?

Catchment-scale sediment predictions depend on what you feed the model and how the model is built.

G Input data

a Model structure

Soil database resolution SWAT+ vs WaTEM/SEDEM
Does a local 30 m Swiss soil map change SWAT+ sediment With the same soil input, how does an HRU-based model
predictions versus coarse global products? compare to a grid-based, spatially distributed one?
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STUDY AREA

Lake Baldegg — central Swiss Plateau

a)

73 km?

catchment - 5.2 km? lake

b)

462-861 m

elevation range a.s.l.

5 subcatchments

1
CJkm

Elovation (m 2., Land use — 74% agriculture Ron - Stagbach - Spittlisbach - Héhibach - Miilibach
[ T | | ckeBaidegg .
S SO § o Sreamtewon 1.6 — 27.7 km? - gauged at the lake inlets

RS 3 s N A Gauging stations
I RN

Batista et al. (2022)

DEM swWissALTI3D — swisstopo (2020) 2m
Land use ESA WorldCover 10m
Weather MeteoSwiss daily

Discharge & sediment Canton of Lucerne — Env. & Energy monthly - 5 gauges



STUDY DESIGN

Two clean comparisons, one catchment

G Soil-database comparison: isolate the input data

Same SWAT+ setup, three soil maps - what does resolution buy you?

SwissSoil30m DSOLMap HWSD v1.2
30 m - national (Swiss) 250 m - global ~1 km - global
Gupta et al. 2024 Lopez-Ballesteros et al. 2023 FAO/IIASA/ISRIC 2012

Model-structure comparison: isolate the model

Same SwissSoil30m in both - what does structure buy you?

° WaTEM/SEDEM grid-based - spatially distributed - RUSLE

SWAT+ HRU-based - semi-distributed - MUSLE
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THE INDEPENDENT VARIABLE

Three soil databases — resolution sets the heterogeneity

SwissSo0il30m DSOLMap HWSD v1.2

30 m - national - 5layers-1m 250 m - global - 6layers -2 m ~1 km - global - 2 layers -1 m

.ILI.

~39 soil classes ~3 soil classes ~4 soil classes
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SWAT+ SETUP

The trick: calibrate only non-soil parameters

Hydrology (3)

CN2 - ESCO - SURLAG — runoff & peak flow into MUSLE

HRU sediment (5)

USLE_P - ADJ_PKR - SLSUBBSN - HRU_SLP - LAT_SED

Channel routing (2)

CH_N2 - CH_EROD — in-channel sediment transport

Sensitivity via SUFI-2 (Latin Hypercube). Ranking was the same for all 3 databases, the design
works.
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Why?

If soil parameters (K, AWC, bulk density...) entered
calibration, tuning would hide the soil database’s real
effect.

So we fix 10 non-soil parameters across all three
databases.

The comparison then reflects the soil data itself.



CALIBRATION

Sequential, monthly, three scenarios

Warm-up Calibration Validation

2010-11 2012-18 2019-24

Strategy Runs Metrics (Moriasi 2015)
» Discharge first (hydrology subset) » 5 subcatchments x 3 databases » NSE >0.50 satisfactory

» Freeze, then calibrate sediment » =15 SWAT+ configurations » KGE >0.50 satisfactory

» Repeat per soil database » Monthly time step » |PBIAS| £20% satisfactory
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RESULT 1 - THE CONTROL

Discharge

Monthly discharge — i iI30m
Observed vs SWAT+ modelled across five sutk | of Lake

204 Calibration (2012-2018) Validation (2019-2024)
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2.0 Calibration (2012-2018)
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Validgtion (2019-2024)

(NSE=0.71 KGE =0.68 PBIAS = -5.8%|
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°
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Calibration (2012-2018)

Malibach NSE = 0.55 KGE = 0.58 PBIAS = -8.6%

Validation (2019-2024)
[NSE = 052 KGE = 0.55 PBIAS = -9.8%

2012 2014

University of Basel - Environmental Geosciences

2016

—— Observed -

2020 2022 2024
Date

Modelled — SwissSoil30m

NSE 0.65 -0.76

All above satisfactory, whichever soil
database you use.

All 15 configurations reproduce monthly discharge
well (NSE 0.65-0.76).

Once curve-number parameters are calibrated,
soil resolution adds little to runoff.

So, does the soil signal live in the sediment?



RESULT 2 - THE SIGNAL

Sediment is a different story: a clean ranking

SwissSoil30m DSOLMap HWSD

Monthly sediment load — SwissSoil30m Monthly sediment load — DSOLMap Monthly sediment load — HWSD
Observed vs SWAT+ modelled across five subcatchments of Lake Baldegg Observed vs SWAT+ modelled across five subcatchments of Lake Baldegg Observed vs SWAT+ modelled across five subcatchments of Lake Baldegg
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NSE - 0.5 KGE - 0.58 PBIAS = -16.5% WSE - 6.57 KGE = 0.44  PBIAS - -12.5% NSE - 0.41  KGE - 0.32 PBIAS = -16.7% WSE - 0.34 KGE - 0.20 PBIAS - -22.0% NSE - 0.28  KGE - 0.15  PBIAS
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NSE 0.55-0.67 NSE 0.34-0.50 NSE 0.24-0.34

satisfactory at all 5 intermediate never satisfactory
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RESULT 2 - QUANTIFIED

SwissSo0il30m > DSOLMap > HWSD — every site

Sediment NSE by subcatchment Sediment KGE by subcatchment
0.8 — 0.8 —r . .
= beotme e on monotonic ranking across 5 subcatchments x 2
0.71 mmm HWSD 0.67 0.7 mmm HWSD

periods x 3 metrics.

Only SwissSoil30m crosses the satisfactory
line for sediment at every site.

It is the within-catchment soil heterogeneity,
rather than he nominal grid size, that does
the work.

y\bﬂ\bach M'\'x\'\bac“ Sgag'\bac“ Roft Sp\t\\'\sbac“ \,\ah‘\bad\ M'\}\'\bac\" S‘ég‘\bac‘“ Ron E“)\1\\'\%?1‘-\'\
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A SHARED PUZZLE

Every model under-predicts — in the same direction

PBIAS is negative

Everywhere across all databases and both periods.

Why it matters

|
=
o

The bias survives a 10x better soil map and a
completely different model.

PBIAS (%)
L
[9)]

—20 1 That is the fingerprint of a missing pathway, not

a soil-input or calibration problem.

mmm SwissSoil30m
s DSOLMap
mm HWSD

—254

| | | . . Leading candidate: sediment data
ponioa® aoipac” cxaoioe" ron . p-\t\\-\sbac“ interpolation
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CHANGING ONE LEVER — THE MODEL

Same soil input, now a very
different model: WaTEM /SEDEM

WaTEM/SEDEM = Water and Tillage Erosion Model / Sediment Delivery Model

G Spatially distributed A grid-based erosion & sediment-delivery model. It routes soil cell-by-cell along the terrain, rather than
lumping the landscape into HRUs like SWAT+.

a RUSLE, not MUSLE Gross erosion comes from RUSLE (R - K - LS - C - P); sediment is moved downslope by a transport-capacity rule.
Normally run as a long-term annual average.

a Already proven here WaTEM/SEDEM was applied to Lake Baldegg by Batista et al. (2022). We build on that, but make it dynamic
at a monthly step (after Matthews et al. 2025).



HOW THE MODEL WORKS

Dynamic WaTEM/SEDEM workflow — stage by stage

Static inputs (constant in time) Temporal decomposition (monthly)

swissALTI3D DEM 30 m
— LS:D (Desmet & Govers 1996) -

Monthly R-factor maps
(Pasquale, after Schmidt 2016)

Process equations (per cell)

Gross erosion (RUSLE)

K-factor (30 m)
from SwissSoil30m >
(Gupta et al. 2024)

Monthly C-factor
FVC from Landsat NDVI
SLR = e~ (FVC-B)

v

A=R:-K-LS2D-C-P

Transport capacity

P-factor (support practice) =

Cubic interpolation
for cloud-affected months
(Julien & Sobrino 2019)

v

TC = ktc - A_up~1.4 - S T"1.4

Cell-by-cell routing

l

Multitemporal calibration (Matthews et al. 2025)

5 B-spline coefficients for monthly ktc,high + 1 ratio ktc,low/ktc,high
— 6 free parameters - Nelder-Mead - RMSE objective

v

erosion « deposition

A 4

Monthly sediment delivery to channel
per cell, per month - subcatchment outlets

Sediment yield per land-use class
(arable / grassland / forest / infrastructure)

University of Basel - Environmental Geosciences

Performance vs observed
NSE - KGE - PBIAS at 5 outlets

13



THE SECOND MODEL

What makes it dynamic — and why it scores lower

What varies monthly

R-factor rainfall erosivity (Mosen station)
C-factor from Landsat FVC, gap-filled
k_tc seasonal transport capacity (B-splines)

K-factor stays static — the same SwissSoil30m K used in SWAT+.

University of Basel - Environmental Geosciences

Why expect lower scores than SWAT+?

No daily MUSLE — no runoff x peak-flow coupling to drive storm
pulses.

No in-channel storage — peaks pass straight through,
unattenuated.

6 free parameters vs SWAT+’s 10 — a smaller calibration budget.

In exchange: a fully spatial, cell-by-cell sediment field.
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RESULT 3 - STRUCTURE

WaTEM /SEDEM works — but sits below SWAT +

Monthly sediment load — Dynamic WaTEM/SEDEM
Observed vs modelled across five sub. of Lake Bald

NSE 0.29-0.49 ANSE = 0.18-0.25

below satisfactory below SWAT+ SwissSoil30m at every
site

4000 Calibration (2013-2018) Validation (2019-2024)
NSE = 0.49 KGE = 0.57 PBIAS = -10.5% NSE = 0.42 KGE - 0.52 PBIAS = -13.1%

Sediment load (t)

i ARG v > - - —
3000 | [Stagbach Calibration (2013-2018) Validation (2019-2024)

NSE = 0.46  KGE = 0.53 PBIAS = -12.0% NSE = 0.39 KGE = 0.46 PBIAS = -14.5%

Sediment load (t)

4 )

——— e Same negative bias appears here too. Two very different models,

NSE = 0.42 KGE = 0.50 PBIAS = -13.6% NSE = 0.36 KGE = 0.45 PBIAS = -16.0%

sharing one K-factor, miss sediment in the same direction

Sediment load (t)

L
Calibration (2013-2018) Validation (2019-2024) \ J
1200

NSE = 0.36  KGE = 0.49 PBIAS = -15.0% NSE = 0.20 KGE = 0.46  PBIAS = -17.3%

Sediment load (t)
258

g8 8 8
S=o

- The trade-off: SWAT+ wins the score with daily hydrology + channel routing;

AN A/

e g WaTEM/SEDEM gives up some skill for a fully spatial, cell-by-cell sediment
field SWAT+ can’t produce.

Sediment load (t)

—— Observed == Modelled — Dynamic WaTEM/SEDEM
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THE TAKE-AWAY ON STRUCTURE

Two models answer two different questions

SWAT + WaTEM/SEDEM

“How much sediment reaches the lake?” “Where does the sediment come from?”
Daily MUSLE captures storm pulses Cell-by-cell erosion & deposition

In-channel routing buffers the signal Source-to-outlet connectivity

Best bulk-delivery skill Spatial field SWAT+ can’t deliver

The better model isn’t the one that wins the NSE table, it’s the one whose assumptions match your question.



CONCLUSIONS

Resolution and structure: each matters, differently

Resolution sets the ceiling SWAT+ with HWSD is inadequate for sediment; with SwissSoil30m it’s satisfactory at all five
sites.

The negative Pbias “problem” A negative bias survives both a 10x finer soil map and a different model, a missing
catchment pathway.

Structure is a choice of question SWAT+ wins on bulk delivery; WaTEM/SEDEM gives a spatial sediment-source field.
Different jobs.

Next: land-use attribution and upscaling Compare HRU-aggregated vs cell-routed sediment by land use and
upscale them: do the two structures agree on the culprit?
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Thank you

Questions & discussion welcome

Josua Pangaribuan - University of Basel - Environmental Geosciences
Comparison of SWAT+ and dynamic WaTEM/SEDEM - Lake Baldegg, Switzerland

Source: Seetalerbote.ch
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