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DEEP SUBALPINE LAKES
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EUTROPHICATION RECOVERY

NUTRIENT LOADS FROM POINT SOURCESARE ~ STABLE

Under nutrient limitation , evolutionof lakeecosystemsis mainly determined
by changesin meteorologyand lake thermal structure(Morabito et al., 2012)

CLIMATE CHANGE

LAKE HYDRODYNAMICS

WHAT WILL HAPPEN IN THE FUTURE?

DSL (Salmasoet al., 2003):

SIMILAR

Å Climate

Å Morphology

Å Hydrodynamics

Å Ecology



CLIMATE CHANGE
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GLOBAL WARMING

NATURAL NAO ςNorth Atlantic Oscillation

In the Alpine region, air temperature is rising twice asfast than the global average(Dokulilet al., 2010)
TɳwҒ 0.04 °C/year

ANTHROPOGENIC GHG EMISSIONS



LAKE HYDRODYNAMICS
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OLIGOMICTIC REGIME COMPLETE-MIXING:coldand windy wintersDSL

COMPLETE-MIXING EVENTS 1990-2018:

Å Lake Maggiore: 4

Å Lake Iseo: 2

Å Lake Lugano: 1
Chemicalgradients

1960s more frequent full turnovers (Ambrosetti and Barbanti, 1999)

AIR TEMPERATURE WARMING

EPILIMNION: follows air temperature increase

HYPOLIMNION: warmsat a muchslowerrate

STABILITY

MIXING

+

-

O2 PO4, NO3, NH4, SiO2



REASONS FOR OUR STUDY
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1) Howwill the oligomictic behaviourof the DSL evolve?

2) Coulda future decreasein GHG emissionsrevert the transition towards meromixis?

3) How will the chemistryand ecosystemsof the DSL be influenced?

FUTURE EVOLUTION

MIXING REGIME BASIC ECOSYSTEM
Calibration/validationṉ

Application ṉ

Calibration/validationṉ

Application IN PROGRESS

NUMERICAL SIMULATIONS CASE STUDY: LAKE MAGGIORE

since1950s

since1981

Extensibleto otherDSL



HYDRODYNAMIC MODEL
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1D horizontallyaveragedmodelGLM(General Lake Model; Hipseyet al., 2014)

CALIBRATION OVER 1998-2014

EXTENDED PERIOD

MAE [°C]

Overall(0 ÷ 360 m) 0.523

Epilimnion(0 ÷ 10 m) 1.124

Metalimnion (20 ÷ 50 m) 0.710

Hypolimnion(100 ÷ 360 m) 0.129

FenocchiA., RogoraM., SibillaS., DrestiC. (2017). Relevanceof inflowson the thermodynamic
structure and on the modeling of a deep subalpine lake (Lake Maggiore, Northern
Italy/SouthernSwitzerland). Limnologica63:42-56. DOI: 10.1016/j .limno.2017.01.006

ENCLOSED 

LAKE MODEL

Advective fluxesmimicked

by a fictitiously low light 

extinctioncoefficient

LAKE MAGGIORE
33 inflows

(12 main ones)

Uncertaintiesin 
modellingfuture 
advective fluxes



AIR TEMPERATURE WARMING FORECASTS
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3 IPCC 
scenarios

A2: boundless
growth of GHG

A1B: renewablesҒ 
fossilsfrom ~2050

RCP3PD: drop of 
GHG from ~2020

3 levels

"lower" : 2.5%

"medium": 50%

"upper" : 97.5%

CH2011
20 (GCM + RCM) 

ensemble

2016-2085 HYDRODYNAMIC SIMULATIONS:
Å 9 CH2011 SCENARIOS
Å STAT_2016 SCENARIO Ta at 2016 levels

FenocchiA., RogoraM., SibillaS., CiampittielloM., Dresti C. (2018). Forecastingthe evolution in the mixing
regimeof a deepsubalpinelakeunderclimatechangescenariosthroughnumericalmodelling(LakeMaggiore,
NorthernItaly/SouthernSwitzerland). ClimateDynamics(availableonline). DOI: 10.1007/s00382-018-4094-6



ADOPTED FUTURE METEOROLOGICAL SERIES
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RADIATIVE FLUXES

Å AIR TEMPERATURE

Å SOLAR RADIATION

Å RELATIVE HUMIDITY

ÅWIND SPEED

"SAWTOOTH TREND"
(Livingstone, 1997)

HYPOLIMNETIC 
TEMPERATURES

Lake Maggiore, Tw at 360 m depth:

Hypolimnionthermal evolutiondependson 
the NUMBER and POSITION of full turnovers

MONTE CARLO 
APPROACH

MULTIPLE RANDOM 
REALISATIONS

VG(Vector-AutoregressiveWeatherGenerator; Schlabinget al., 2014) Generatesrandom meteorologicalseries

INPUT:

1) 1998-2015 meteorologicalobservations DEPENDENCE STRUCTURE

2) Alterationof Ta CH2011

200


