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Lake Geneva Catchment: A Fragile Alpine Water Tower

Switzerland: a Water-rich Alpine System

Switzerland is often seen as a stable water 

tower of Europe: glaciers, snow, rivers, lakes, 

hydropower, agriculture, tourism, and high-

quality ecosystems are tightly connected.

Glaciers regulate flow, sediment, nutrients, and 

seasonal water availability

Motivation
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High-emission futures push Swiss glaciers toward near-disappearance by 2100

Water quantity is no longer only about ñHow Much Water,ò but about when, where, and how reliably water is available.

A warming climate transforms storage into loss
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Motivation

Why Water Quality and Phosphorus?

Water quantity changes do not stop at discharge. 

They control water quality by changing runoff, erosion, dilution, lake mixing, oxygen, and nutrient transport. 

Phosphorus is the key historical and management-sensitive indicator for Lake Geneva.

EPA, 2026
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Study Area Lake Geneva Catchment: A Complex AlpineïLowland System

Spatial & Temporal Coverage

Basin-wide coverage of the Lake Léman catchment and the 
Greater Geneva hydrographic domain. Multi-decadal 
simulations spanning 1990ï2024 provide robust baseline 
conditions for scenario testing.

Key Inputs Integrated

ÅMeteorology: Daily precipitation, temperature, wind speed, 
humidity, solar radiation (1980ï2024) 

ÅLand surface: DEM, soils, land-use/land-cover including CORINE 
classifications

ÅWastewater infrastructure: Monthlyeffluent flow plus constituent 
concentrations

ÅHydrosystem: Lakes, reservoirs, channel network, known point 
sources

ÅObservations: Streamflow at priority gauges; riverine phosphorus 
at WWTP

Catchment Properties

Area: 10,930 km2

Elevation Range: 258- 4687 m

Precipitation: 1,250ï1,350 mm (Atlas)

Climate: Humid temperate (Köppen Cfb)

Land Use

Forests: 22%

Meadows: 23%

Cultivated Lands: 20.5%

Uncultivated areas: 34.5%

Study Area
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From Catchment Reality to SWAT+ Structure

SWAT+ translates the Lake Geneva catchment into connected spatial 

and hydrological units for simulating flow, sediment, and nutrient 

transport.

Meteorological Station Network

ÅPrecipitation: 159 stations

ÅAir temperature: 36 stations

ÅWind speed: 30 stations

ÅRelative humidity: 23 stations

ÅSolar radiation: 20 stations

28 reservoirs and water bodies
Annual Crops (n= 8)

ÅWinter wheat

ÅWinter barley

ÅPotato

ÅSugar beet

ÅTemporary grassland (ley)

ÅField pea

ÅRapeseed (oilseed rape)

ÅMaize (corn)

Management classification:

Å Annual Crops (5 groups- 3 Canton)

Å Permanent crops

Permanent Crops (n= 2)

ÅVineyard

ÅApple

Fertilizer Types (n = 4)

ÅDiammonium phosphate 

ÅAmmonium nitrate 

ÅUrea (46-0-0)

ÅElemental nitrogen

Wastewater Treatment Plants (WWTPs) 

(n = 259)

ÅMonthly (55 plants)

ÅAnnual (204 plants)
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Adapting SWAT+ for Alpine Hydrology and Phosphorus Dynamics

SWAT+P.R&R

In-stream phosphorus retention and remobilization

SWAT+ GL

T, Schaffhauser, 2024 K, Wallington, 2023

Two process extensions improve the modelôs ability to represent Alpine water storage and in-stream phosphorus 

transport.
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https://onlinelibrary.wiley.com/authored-by/Schaffhauser/Timo


Generate S sample using LHS

Latin Hypercube Sampling

Step 2 ð Parameter Sampling (LHS)

Apply regional rules + ñshakeò to 

elite values from previous iteration

Compute Jacobian / Hessian using 

elite subset.

Step 5 ð Sensitivity & Uncertainty Analysis

Compute covariance, 95% 

confidence interval, Standard 

deviation and uncertainty band

Run SWAT+ in parallel for all samples

Step 3 ð Model Execution & Output

Extract simulation outputs

Compute station-level metrics 

(NSE / KGE / PBIAS)

Step 4 ð Objective Function Evaluation

Aggregate station metrics into a 

weighted global objective (station 

weights) for each run

Update parameter bounds using 

elite quantiles.

Step 6 ð Parameter Range Update & Iteration

Define objective function, parameters, 

and initial parameter ranges

Step 1 ð Setup & Base Simulation

Run 

SWAT+

Extract 

Results

Compute 

performance Align simulated and observed series

Rank runs and identify elite 

behavioral parameter sets

If criteria not met:

Return to Step 2 for the next 

iteration.
If criteria met:

Final sensitivity/uncertainty + best 

simulation.

End-to-End SUFI-2 Calibration Procedure (LHS Ÿ Objective Ÿ Update)

7

Model Setup



Spatial Regionalization Strategy for Model Calibration

1 Evapotranspiration (ET)

Grouped by physiographic similarity

K-means clustering using

2 Discharge

Grouped by river catchments and 

upstream contributing areas

3 Phosphorus Total

Grouped along the drainage network

Because P follows runoff, sediment,

and channel routing

ET Sampling Points WQM StationsHydrometric Stations

Spatial Grouping for Calibration

20 Groups 
Group Mean elev Dominant LU Dominant soil Interpretation

1 382 m Water bodies 91.0% s7003 95.7% lake / water-dominated evaporation group

4 460 m Agriculture 49.3% s9967 44.4% lowland agricultural group, soil s9967

16 1027 m1 Forest-Mixed 32.7% s9444 38.7% lower mountain forest group

17 1111 m Forest-Evergreen 39.3% s9982 24.1% mountain evergreen/forest mixed group

How parameters regionalized?
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