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Drivers of interannual variability of vertical ozone 
fluxes in a deciduous mature forest in Italy

Giacomo Gerosa1,*, Riccardo Marzuoli1, Angelo Finco1

Multiannualmeasurementsof ozonefluxeswere performedfrom 2012to 2020

at a mature deciduousforest in the Povalley,Italy. Fluxeswere measuredon a

41 m tall tower, 15 m abovethe top canopywith the eddycovariancemeasuring

technique. A flux partition among stomatal and non-stomatal fractions was

performedbasedon concomitantwater andcarbondioxidemeasurements.

Fig. 1 �t Site location (a); surroundings(b); view from a zeppelinballoon (c);
tower view from below (d)

Fig. 2 �t Monthly averagesof O3 stomatal, non-stomatal and total fluxes in the 7-
year campaign (a). Stomatal fraction of O3 deposition: daytime (08:00-18:00)
monthly averagesfor the sevenyears(b). Summerdiel coursesof stomatal, non-
stomataland total depositionfluxesin the 7 years(c).

c)

b)

a)

Fig. 3 �t Meandiel cyclesof surfaceconductancesin the different months (average
year of 7-years) (a). Interannual variation of stomatal, non-stomatal and total
conductancesin summer: meansummerdiel cycles(b).

a)

The non-stomatal deposition was mainly driven by air humidity (Fig. 5 a), by

chemicalsinkssuchasreactionof ozonewith the NOemitted by soil in summeror

advectedin the trunk spacein winter (Fig. 5 b), and by surfacewetness(Fig. 5 e).

Onthe other hand,the non-stomataldepositionresultedunaffectedby wind speed

or turbulenceintensity (Fig. 5 d), aswell asby surfacetemperature(Fig. 5 c), and

this would exclude impact or thermal decomposition on surfacesfrom being

important drivers of the total fluxes. Depositionon leaf cuticles was the main

ozoneremovalpathwayin the eveningandduringthe first night hours(Fig. 6).

Totalozonefluxesrevealedan interannualvariabilitythat wasmainlydrivenby the

stomatal activity (Fig. 2 a,c). Despitethis variability, the stomatal fraction of the

total ozonedepositedon the forest wasfairly constantaround42%on a 24-hours

basisandaround60%in the daylighthours(Fig. 2 b).

Surfaceconductancesshowboth a markedseasonalvariation(Fig. 3 a) anda clear

interannualvariation(Fig. 3 b). Factorswhichinfluencestomatalconductancewere

responsiblefor the flux variability, with soil water availability being the main

physiologicaldriveramongall (Fig. 4 a).

Fig. 4 �t Drivers of the
stomatal conductance.
Seasonal relationship of
g_StomO3 with soil water
content (a) and vapor
pressure deficit (b)
(gStomO3 in log-scale).Binneddata,eachpoint representsthe meanvalueof the bin. Verticalbarsrepresentthe standarderror of the mean.

Fig. 5 �t Drivers of the non-stomatal conductance. Seasonalrelationship of
g_NonStomO3 with relative humidity (a), concentration of NO (b), air
temperature (c) and friction velocity (d). Seasonalmean diel coursesof the
surfaceconductancewith wet and with dry canopy(air temperature up to 2°C
aboveTdew) (e). Verticalbarsrepresentthe standarderror of the mean.
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a) b) c)

d)
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Fig. 6 �t Mean diel
courses of non-stoma-
tal resistance in the
different months, ave-
ragedover the 7 years.
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