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The Lampedusa Observatories 
Lampedusa (Italy) is a small island in the central part of the southern 

Mediterranean Sea with low levels of pollution and small interference from larger-

scale dynamics. The island is characterized by frequently cloud-free conditions, 

high levels of solar and UV radiation, and variable aerosol conditions. The island 

hosts, since 1997, a fixed Atmospheric Observatory (AO, 35.5°N, 12.6°E; 

http://www.lampedusa.enea.it) that was set to investigate climate. An 

Oceanographic observatory (OO, 35.49°N, 12.47°E) was setup in 2015. The 

present observatory configuration allows investigating and monitoring different 

atmospheric, oceanographic and climatological quantities.  Finally, in 2023, an 

Ecosystemic Observatory (EO) has been setup in the western part of the island to 

study the carbon exchanges between land and atmosphere.

The listed features make Lampedusa a key site in the Mediterranean Sea, 

representative of a larger area of the basin, to understand regional and global 

climate.

Variable Uncertainty Location

xCO2 ICOS atmospheric CO2 concentration < 0.1 ppm AO

pCO2w Water CO2 partial pressure 3 ppm OO

wspd Horizontal wind speed 3% AO

P Atmospheric pressure 0.25 hPa AO

SST 5m depth sea temperature 0.005 °C OO

SSS 5m depth sea salinity 0.005 OO

In situ dataset

Variable Resolution Source

SST Sea Surface Temperature 0.1° x 0.1°, daily CMEMS1

PAR Photosynthetically Active Radiation 0.05° x 0.05°, daily SARAH2

CHL Chlorophyll Concentration 1km x 1 km, daily CMEMS3

SSS Sea Surface Salinity 0.125° x 0.125°, daily CMEMS4

Wspd Horizontal Wind Speed 0.25° x 0. 25°, 6h CMEMS5

P Atmospheric Pressure 0.25° x 0.25°, hourly ERA56

Satellite and model datasets

Regional satellite models for pCO2 estimates in the Central Mediterranean

Regression models have been performed on daily data from December 2021 to January 2023. "Annual" refers to coefficients obtained by performing a single 

regression on the whole dataset. "Seasonal" refers to coefficients obtained by applying two different regressions on the spring-summer and autumn-winter 

periods. Table and Taylor diagram only report the best-performing models, obtained as a combination of the listed input variables. "Weighted" refers to 

regression with weighted input data, to maximize the regression accuracy by considering measurement uncertainties. The eXtreme Gradient BOOSTing

machine learning algorithm has been applied using as training set data from November 2021 to January 2023, using bi-hourly data, to maximize the learning 

from the available measurements. "Optimized" ensemble refers to dataset with applied cross-validation method to maximize the learning and minimize

overfitting.
Functional form Bias RMSD ഥ𝑹𝟐 Type

Mod6 A·SST+B·CHL+C·PAR+ D·wspd+E 5.0 (1%) 13.1 (3%) 0.91 A,W

Mod9 A·SST+B·CHL+C·PAR+D 5.3 (1%) 17.7 (4%) 0.87 S

Mod6_T2 A·SST+B·SST2 +C·SSS+D·CHL+E·PAR+F -4.0 (<1%) 15.4 (4%) 0.91 A,W

Mod9_T2 A·SST+B·SST2+C·CHL+ D·PAR+E·wspd+F 4.6 (1%) 15.1 (4%) 0.91 S,W

Traditional

regression

Input variables Bias RMSD ഥ𝑹𝟐 Type

Mod1 SST -6.2 (2 %) 22.7 (6%) 0.80 Op

Mod5 SST,SSS,CHL, PAR, WSPD 12.0 ( 3%) 22.0 (6%) 0.81 Op

Mod6 SST; CHL, PAR, WSPD 11.1 (3%) 21.6 (5%) 0.82 Op

XGBoost

Bias and RMSD in μatm

A=Annual, S=Seasonal, 

W=Weighted

Op=Optimized with Cross 

Validation

--- 5% bias, 7 
𝜇atm RMSD

--- 5% bias
and RMSD
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CO2 fluxes satellite estimates

Model R² Bias [
𝐦𝐦𝐨𝐥

𝒎𝟐𝒔
]

Mod9, A,W 0.78 -0.87 (26%)

Mod6_T2, A,W 0.80 -0.79 (24%)

Mod9_T2, S,W 0.81 -0.09 (3%) 

Mod1, XGBoost 0.74 -0.41 (13%) 

Mod5, XGBoost 0.64 -1.79 (55%)

Mod6, XGBoost 0.71 1.24 (38%)

Contact: mattia.pecci@enea.it

CO2 in situ fluxes

𝑭 = 𝒌 𝑲𝟎 𝚫𝒑𝑪𝑶𝟐 𝒘𝒂

• The gas transfer velocity, k, is computed

using Wanninkhof (2014) wind-speed-

dependent parameterization7

• The solubility, K0, is estimated as afunction

of sea surface temperature8

• Water pCO2 is measured 5m below water

• Air pCO2 is obtained from xCO2

measurements using atmospheric

pressureand correcting for water vapour

saturation pressure8,9,10

In situ-computed fluxes:

• Data gaps filled with linear 

interpolation and increased

associated uncertainty

• Strong seasonality, with absorption

during cold months and emission in 

warm months

• Net sink effect over a year: (-475 +

39) mmol m-2 between December

2021 and December 2022

• Fluxes computed using satellite-estimated pCO2 and satellite/model/in situ

• Compared with in situ computed fluxes
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