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NUTRIENT LOADS FRP®INT SOURCERE-~ STABLE# WHAT WILL HAPPEN IN THE FUTURE?

CLIMATE CHANGE

Undernutrient limitation, evolution of lake ecosystemss mainly determined
by changesn meteorologyand lake thermal structure (Morabito et al., 2012)

LAKE HYDRODYNAMICS




CLIMATE CHANGE

NATURAI=—> NAOc North Atlantic Oscillation

GLOBAL WARMIN

ANTHROPOGENt=> GHG EMISSIONS

Global CO, emissions by world region, 1751 to 2015

Annual carbon dioxide emissions in billion tonnes (Gt).

Temperature anomaly from 1961-1990 average, Global

Global average land-sea temperature anomaly relative to the 1961-1990 average temperature in degrees celcius
(°C). The red line represents the median average temperature change, and grey lines represent the upper and lower 36.18 bilion tonnes in 2015
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In the Alpineregion, air temperatureisrising twice asfast than the globalaverage(Dokulilet al., 2010)
—> 1T, + 0.04°Clyear




LAKE HYDRODYNAMICS

DSL # OLIGOMICTIC REGINIE=> COMPLETHIXING:coldand windy winters

\\l,O2 TPO4, NG, NH, Sig/

COMPLEFHIXING EVENTS 199018:
A Lake Maggiore4

A Lake Iseo2 Chemicalradients
A Lake Lugandt

1960s—> more frequentfull turnovers (Ambrosetti and Barbanti, 199p)
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REASONS FOR OUR STUDY

1) Howwill the oligomicticbehaviourof the DSL evolve?

2) Coulda future decreasdan GHGemissiongevert the transition towards meromixis?

3) How will the chemistryand ecosystem®f the DSL benfluenced?
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HYDRODYNAMIC MODEL

GLM(General Lake ModgHipseyet al., 2014—> 1D horizontally averagedmodel

33inflows Uncertaintiesin
LAKE MAGGlOF]E# (L2 mainones modellingfuture
advectivefluxes
s e
LAKE MODE y e

extinction coefficient

MAE[°C]

Overall(0+ 360 m) 0.523
CALIBRATION OVER 12944 Epilimnion(0+ 10 m) 1124

EXTENDED PERIOD Metalimnion (20+50 m) | 0.710
Hypolimnion(100+ 360 m) | 0.129

Observations K;=0.227 m* (Poole and Atkins, 1929)
2003 2007 2009

1999 2001 2005 2011 2013

FenocchA., RogoraM., SibillaS, DrestiC (2017). Relevancef inflowson the thermodynamic
structure and on the modeling of a deep subalpine lake (Lake Maggiore, Northern 1999 2001 2003 2005 2007 2009 2011 2013
Italy/SouthernSwitzerland)Limnologic&3:42-56. DOl 10.1016/j.limno.2017.01.006
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ADOPTED FUTURE METEOROLOGICAL SERIES

A AIR TEMPERATURE HYPOLIMNET! "SAWTOOTH TREND"
R SOLAR RADIATION TEMPERATURES (Livingstone, 1997)
A RELATIVE HUMIDITY
\A WIND SPEED

RADIATIVE FLUXESH

Lake MaggioreT,, at 360 mdepth:

J

Hypolimnionthermal evolution dependson
the NUMBER and POSITION of full turnovers
MULTIPLE RANDO MONTE CARL
REALISATIONS APPROACH

VG (VectorAutoregressivéVeatherGenerator Schlabinget al., 2014)—> Generatesandom meteorologicalseries

INPUT: ~N 200

1) 19982015meteorologicalbbservations——> DEPENDENCE STRUCTURE
2) Alterationof T, —> CH2011




