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Situation

• Temperatures in Swiss surface waters have increased by 1-2°C in the past 30 years

• Based on 5th IPCC AR & CH2011 scenarios it is expected that air/water temperatures will further rise

• Water temperature is a key abiotic variable in riverine and lentic ecosystems

• Future warming in streams and lakes is likely to exceed current limits prescribed in legislation

• Stream and lake temperatures are not independent from each other (coupled)

•  Project in Focus area 2 (3)



Objectives and research goals

• Coupling of lake and river thermodynamics

• Simulation and prediction of lake and river temperature

• Continued development of stream temperature model/s

• Impact studies of climate change (scenarios) on stream and lake thermodynamics

• Scenarios and prediction of coupled stream and lake temperature evolution

• Impact of changes in water temperature on aquatic ecology, biodiversity and ecosystem services

• Develop and suggest adaptation strategies to mitigate CC impact on surface waters in CH

• Evaluate possibilities and recommendations for operational surface water monitoring



Previous work (1)
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A new modeling approach

• Stream temperature obeys the energy-balance equation

• Analytical solution = relationship between in- and output



Physics-derived statistical/analytical model (1)



Physics-derived statistical/analytical model (2)
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Previous work (2)



Modeling framework
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Case study: Dischma catchment, Davos

• Area: 43 km2

• Elevation: 1700m to 3100m a.s.l.

• Snow-dominated (+ small glacier)

• Split into 39 sub-watersheds



Discharge and temperature simulation at the outlet

NSE = 0.82
NSE-log = 0.90

NSE = 0.78
RMSE = 1.45°C



Summary stream temperature models

• Statistical model:

• New approach based on physical principles

• RMSE = 1.3°C at monthly time scale

• Can be used to investigate tempemperature dynamics

• Deterministic model:

• Particularly suited for high-altitude areas

• RMSE = 1.45°C at hourly time scale

• Can be used to investigate CC scenarios



Modeling – Long term evolution of lake surface temperatures

Lake Zürich



Effects in Lake Biel: Temperature

Modeling – vertical temperature structure in lakes – example “Lake Biel”



Modeling of lakes – Calibration of 3-dimensional models

Lake Biel, example Mühleberg:

700 MW  18 W m-2

Raman 2017



Development of deep convective mixing due to climate change – Lake Geneva

observation (1981 - 2012)

model result (1981 – 2012)

model result (2045-2076)

model result (2070-2101)

frequency (#of years)



http://tsr.blogs.com/pj/

3D Modeling – Spatial heterogeneity
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www.meteolakes.epfl.ch



Online real-time platform

www.meteolakes.epfl.ch

System operation:

Daily computations (hydrodynamics + water quality)

 5d forecasts 

Real-time data assimilation

Applications:

Scientists: in-situ measurements planning, understanding 3D physical phenomenon (e.g. upwelling)

Gov. agencies: monitoring lakes at every location in space and time, trackthe stratification and 
mixing

Public awareness: 120 daily users on avg., up to 1600
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Project outline and Tasks

• Task 1: Stream temperature evolution under climate change
• (a) Continued model development and extensions (StreamFlow1.0, Gallice et al., 2016)
• (b) Specific applications and coupling to natural lakes
• (c) Simulation of climate change scenarios and mitigation strategies.

• Task 2: Effects of climate change on lake temperature
• (a) 1D and 3D lake models for selected lakes to understand the physical processes affecting lake temperatures.
• (b) Evaluate lake internal processes (stratification, mixing, water-air heat fluxes and how they are affected CC.
• (c) Use 3D-simulations to identify optimal locations for the monitoring of climate change in lakes.
• (d) provide guidelines for future monitoring and research on such high altitude natural lakes

• Task 3: Impact of atmospheric warming on the ecosystem services of rivers and lakes
• (a) Statistics on water temperature thresholds
• (b) Usage of lakes and rivers as heat sinks for buildings and infrastructure
• (c) Sensitivity analyses

• Task 4: Synthesis report on water temperature in lakes and rivers



List of tentatively selected lakes

Lake (natural) Task 2a Task 2b Task 2c

1D 3D 1D 3D

Biel X X X X

Zurich X X X X

Geneva X X X X

Constance X X

Zug X X

Joux X X

Silvaplana X X

Sils X X

St Moritz X X

Greifensee X X X



Synthesis report chapter

Table of content

• Introduction: 
• Introduction to the subject; review of past work (literature) and assessment of current situation.

• Observed water temperature changes
• Lakes: Changes in lake surface temperatures, changes in deep-water temperatures, summary of observations in Switzerland, comparison to global observations.

• Rivers: Spatially and temporally resolved changes in observed river temperatures, discussion of available data and identification of potential for network optimization

• Causes of observed water temperature changes
• Lakes: Air temperature, solar radiation (atmospheric brightening), inflow temperatures, other meteorological variables, water clarity

• Rivers: Air temperature, solar radiation (atmospheric brightening), changes in discharge, snow and glacier melt, land-use and vegetation, and hydropower management

• Impacts of changing temperatures
• Lakes: Physical effects (stratification, ice cover), microbial effects (process rates, etc.), ecological effects, effects on ecosystem services (e.g., heat usage)

• Rivers: Ecological effects, shifts in aquatic habitats, effects on lake temperatures, effects on ecosystem services, limitation of thermal potential (e.g. for cooling)

• Future development of water temperatures
• Summary of predicted extent of future warming of lakes and rivers, based on the analysis of the causes and the future project ions of the driving forces.

• Open research questions: Summary of knowledge gaps and research needs.



bettina.schaefli@unil.ch
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Hydro-CH2018: 

Discharge and water temperature

B. Schaefli, J. Larsen © Manuel Hulliger



bettina.schaefli@unil.ch
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Objective: regime analysis

Quantifying interplay between discharge & water temperature:
Covers statistical aspects of stream temperature evolution geographically characterizing and identifying Swiss 
watersheds and their behavior under climate change. 

Steps: 

• Classification of bi-variate water temperature-discharge regimes

• Assessment of existing water temp. models: how do they capture bi-variate regimes?

• A) Analytic model proposed by Toffolon and Piccolroaz (2015)

• B) Physical model of EPFL project 

• Analysis of projections 

• Quantify the significance of simulated water temperature and discharge changes with respect to 
water temperature regime shifts. 



bettina.schaefli@unil.ch
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Bi-variate regimes- example

Discharge m3/s Air temperature °C
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bettina.schaefli@unil.ch
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Outcome & Synthesis report

• New method to classify bi-variate water temperature- discharge regimes & to 

assess potential changes

• An assessment of the ability of reference models to reproduce observed 

water temperature-discharge regimes 

• A collection of potential bi-variate regime scenarios for Switzerland based on 

the scenarios run by our project partners (Huwald et al., EPFL). 

• The above points I to III will feed directly into the planned synthesis report.



The end

• Thanks for the attention

• Questions and comments welcome !


