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A mosaic of environmental problems – The case of the Alento River basin
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Romano et al., VZJ 2018



Critical Zone Observatory

Nunzio Romano – Agricultural, Forest and Biosystems Engineering

courtesy of “Tereno.net”

1) weather radars

2) precipitation gauging networks

3) micrometeorological eddy covariance towers

4) sensor networks

5) Runoff monitoring systems

6) weighable lysimeter systems

7) ground-based and airborne remote sensing platforms

8) airborne campaigns

9) satellite-borne data

10) geo-archiving systems

11) tree growth monitoring systems



Alento River Basin Observatory
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Upper Alento Basin

Lower Alento Basin

Reservoir “Piano della Rocca”
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Upper Alento River Catchment (101 km2)

Lower Alento River Catchment (308 km2)
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Effects of land-use/land-cover changes in UARC
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Upper Alento River Catchment – Impact of landuse change on the hydrological 
ecosystem services by using Soil Water Assessment Tool (SWAT)



Water quality investigation in LARC
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Hydrogeologic map + isotopic obs. points

Isotopic measurements in the
Lower Alento River catchment (LARC) 



box-plots of 6-month Standard Precipitation Index (SPI)
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On characterizing the Mediterranean seasonality

Presence of two transition phases
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rainfall seasonality at Gioi Cilento weather station
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centroid

centroid + duration

centroid - duration

Characterization of the rainy periods (Feng et al., 2013)

blue vertical line = maximum length (in 1976)

red vertical line = minimum length (in 2017)



Upper Alento River Catchment – Changes in rainfall seasonality
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Percentage change in annual water yield, Wy



wireless sensor network
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Romano et al., VZJ 2018



wireless sensor network
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Romano et al., VZJ 2018

Sensor Unit (GS3 and MPS-6 probes) Router Unit Coordinator Unit

sensors



innovative soil moisture sensing: the cosmic-ray neutron probe 
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max footprint:

about 28 hectares! 

The CRNP measures an average soil moisture value over a circular 
footprint, whose radius varies between approximately 150 m and 300 m 
depending on the site conditions.



monitoring systems at MFC2 sub-catchment
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Romano et al., VZJ 2018

MFC2 area

Drainage divide

Cosmic Ray probe

SoilNet units
250 m

Creek



monitoring systems at GOR1 sub-catchment
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Romano et al., VZJ 2018

250 m

GOR1 drainage divide

Cosmic Ray probe

SoilNet units

Creeks

250 m

Streamflow sensor



filling the gap between point- and field-scale soil moisture monitoring
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Romano et al., VZJ 2018

Soil moisture (SM) measurements by TDR, sensor net, and 
cosmic-ray probe at GOR1 and MFC2 sub-catchments.

CR SoilNet units spatial-average SoilNet

CR SoilNet units spatial-average SoilNet

spatial-average TDR

spatial-average TDR



soil moisture variability
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Relationship between spatial-average and standard deviation 
of soil moisture at MFC2 and GOR1 sub-catchments

Romano et al., VZJ 2018



seasonal variations of soil moisture values
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Seasonal relationship between spatial-average and standard 
deviation soil moisture (sensor net) at MFC2 and GOR1

Romano et al., VZJ 2018



effect of climate seasonality of soil moisture distribution
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Comparisons among seasonal PDFs of spatial-average soil moisture
at MFC2 and GOR1 sub-catchments

Romano et al., VZJ 2018



effect of climate seasonality of soil moisture distribution
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 High spatial-temporal near-surface soil moisture mapping (~ 5 cm)  time series
 Shown are estimated soil moisture maps for four different sensor dates (each at 

satellite overpass in the morning, ascending (e.g., S1A_a44, S1B_a44,): 04:51:01 pm –
05:04:48 pm

 The observation period refers to the soil moisture field campaign by the Master student
 Mapping algorithm is random forest. Please consider that analysis is not final
 Spatial resolution is 10 m (based on SAR C-band, Sentinel-1)

Nov 10, 2018 Nov 16, 2018 Nov 22, 2018 Nov 28, 2018

MFC2 catchment

Agriturismo Tre Morene 
(Luigi‘s place)

Soil moisture monitoring plots

Average = 41.99%, Std dev. = 4.39% Average = 41.61%, Std dev. = 4.54% Average = 41.96%, Std dev. = 4.42% Average = 41.60%, Std dev. = 4.63%



ongoing works and perspectives
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 To continue field surveys with additional soil 
sampling and isotopic campaigns (soil and 
vegetation).

 Installing ground-based sensor-networks in 
other parts of the Alento River Basin

 Visible and near infrared spectroscopy (from 
UASs) for developing PTFs.

 Integrating ground-based (wireless sensor 
networks, cosmic-ray probes) with remote-
based (Sentinel 1-2) measurements of soil 
moisture.

 Sharing our dataset to compare the Alento
observatory with other observatories across 
Europe.



Water-JPI 2018 call – “iAQUEDUCT” project
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Water-JPI 2018 - “iAQUEDUCT” project
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