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INTRODUCTION
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THERMAL STRUCTURE LAKE HALLWIL

Lake surface water are warming at
0.34°C per decade.

Longer stratification periods.
Shifts in stratification regimes.
Longer ice-free periods.

Implications on oxygen
concentrations, greenhouse gas
emissions, redox cascade, etc.

Woolway et al. (2020)
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LAKE HEAT BUDGET

INTRODUCTION

Solar radiation.

Air temperature.
Humidity.
Wind speed.

® |ce coverage.

Water clarity and lake color.

Lake morphology.

Woolway et al. (2020)
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RESEARCH QUESTION

INTRODUCTION

ing Is unprecedented
an 2000 years
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® Re-oligotrophication in European
lakes = Increase of water clarity. A

® |ncrease of air temperatures.

® Increase of incoming shortwave solar
radiation (solar brightening).

Alsky SSR Anomaly (W)

1960 1970 1960 1990 200 2010
o

IPCC (2021) and Turnock et al. (2015)
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STUDY SITE

METHODS

® Mesotrophic.
e Surf. Area: 10.2 km?
® Max. Depth: 46 m

.

DATA FROM 1985 TO 2023
® Water column temperature profiles.
® Secchi disk depth.

V.
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STUDY SITE
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Suarez et al. (2023)
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STUDY SITE

METHODS
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® Turbid face (P2) from 1995 to 2010
with average Ze, = 7.4 m

e Clear face (P3) from 2010 to today
with average Ze, = 8.9 m
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Suarez et al. (2023)
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LAKE AND FORCING TRENDS

RESsuULTS
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LAKE AND FORCING

RESsuULTS

Schmidt Stability (Jm~2)
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THERMAL STRUCTURE LAKE HALLWIL

Constant increase in surface
temperature.

Constant increase in Schmidt
Stability.

Increase in heat content with
higher increasing rate from 2013.

Increase in bottom temperature
with a higher increasing rate
from 2013.
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MODEL VALIDATION

METHODS

R?> RMSE BIAS

Simstrat 3.0

Surf. Temp (°C) 099 078 -0.1
® | ake Calibration: EAWAG Temp. Profile (°C) 097 0.78 0.2
: 22
e Simulation from 1981 to 2023 Schmidt St. (Jm™%) 098 117 -44
) Heat Content (TJ)  0.97 465 167
® Weather Forcing: Lucerne
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SCENARIOS

MODEL SIMULATIONS

e Air Temp.: Only consider air
temperature increase.

e SW Rad: Only consider the
increase of solar radiation from

Air Temp. ( °C)
Wind Speed (ms™h)

5150 =
§ 140 95- 103
S E 0o 1995.
) = ® Wind: Only consider the increase
g 2 90 I
L i
SRR O P g of wind speed from 2011.
Datetime Datetime ® Vap. pres.: Only consider the

increase of vapor pressure.

THERMAL STRUCTURE LAKE HALLWIL 7™ LAKES WORKSHOP 8/13




SCENARIOS

MODEL SIMULATIONS

e Air Temp.: Only consider air
temperature increase.

e SW Rad: Only consider the
increase of solar radiation from

Wind Speed (ms™ !y
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increase of vapor pressure.
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CONTRIBUTIONS ATMOSPHERIC FORCING

RESuLTS
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CONTRIBUTIONS ATMOSPHERIC FORCING

RESULTS
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CONTRIBUTIONS ATMOSPHERIC FORCING

RESsuULTS
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CONTRIBUTIONS ATMOSPHERIC FORCING

RESsuULTS
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RESuLTS
= All trends = == No trends ftf (¥m,i — Ynone,i ) dt
. [o, — tc ' '
Air Temp.  —— Vap. P. Conth [/0] = 100 ftf (vai—, dt
SW Rad. Wind e A Tmene
& 1200 4
E Percentage of the total change from the "no trend".
;_%’ 1000 - Surf. Schmidt Heat
2 Temp.  Stability Content
w
5 8001
% Air Temp. 45 34
“ 600 SW Rad. 45 50
1985 1990 1995 2000 2005 2010 2015 2020 Vapor Pres. 18 13
Datetime Wind Speed -0.7 2.3

THERMAL STRUCTURE LAKE HALLWIL 7™ LAKES WORKSHOP 9/13



CONTRIBUTIONS ATMOSPHERIC FORCING
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CONTRIBUTIONS ATMOSPHERIC

RESsuULTS
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FORCING
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CHANGES ON WATER CLARITY
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Secchi disk depth (m)
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CHANGES ON WATER CLARITY
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CHANGES ON WATER CLARITY
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CHANGES ON WATER CLARITY
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CONCLUSIONS

ATMOSPHERIC FORCING
® The increase of air temperature and solar radiation are the most
important drivers controlling the heat budget in Lake Hallwil.

® Whereas the increase of wind speed seems to transfer heat to deep
waters, have not affected the surface temperature of Lake Hallwil.

WATER CLARITY
® |t does not produce any clear effect on surface temperature.

® Increase of water clarity enhance the effect of the increase of solar
radiation and air temperature.

.
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IMPLICATIONS

® |t is necessary to include changes on water
transparency for future projections.

® Changes on water clarity due to re-oligotrophication
or invasive species (e.g. Quagga mussels) could
increase the heat content in lakes.

® Understand heat distribution in lakes, and not only
surface temperatures.

® |ncrease of water temperature could enhance

. Lake Hallwil
reactions rates.
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