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Introduction

Soil moisture governs: infiltration and runoff, evaporation, energy
exchanges with atmosphere, plant growth (food & energy), contamination
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Human activities, but also natural processes, lead to soil degradation worldwide:

erosion, compaction, pollution, desertification, sealing, salinization, nutrient depletion
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Soil and Trouble

WHEM PEQFLE INTENSIVELY TILL FIELDS
and clear-cut forests, thay can damage or de-
stroy topsail that took centuries bo acourmu-
Late. Just how vulnerable soils are depends on
underlying conditions. Mismanaged sails in
windswept lands can easily turn into dessrt,
far example, and saline soils can become
salt-encrusted wastelands

This map shows the main barriers to pro-
ductive farming, along with erosion risk, de-
rived from dimatic and scd conditions, Over-
Laid &% cross-hatching are regions reported to
be highly or very highty degraded acconding 1o
& global survey of soil experts published n
1980, The hot spots illustrate examples of the
warst 5ol degradation, from the most com-
man physical type—water erosian—ta chemi-
cal farms, such as that cawsed by pollution
from industrial chemicals and war.

An interactive version of this map appears
anline at wew.sciencermag.orglcgifcontent!
sufrmary/ 304 SETTIT6 14,
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Climate Constraints
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from observations to sustainable and optimal soil and water management

Observatlon characterizing and monltorlng the enwronment

Innaccessibility
Variability
Bridging the scale gaps
[T . between observations,
= modeling, and

management

Impacts
— Uncertainty
Probabilistl: framework cnvering Sustainability

full range of scenarios RRV




Ground-penetrating radar (GPR)

« Electric conductivity 6 =% Wave attenuation

« Magnetic permeability p

Electromagnetic contrasts
= Reflection, transmission
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Management of city infrastructures: project control, monitoring and maintenance

Tunnels Bridge decks
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Security and natural disasters

Forensics
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Evolution of GPR research in the world



Soil water content determination

Relationship between soil water content and dielectric permittivity

= GPR
— GPRiit |
v TDR
-~ - TDRIit
—— Topp

Relative dielectric permittivity

0 005 01 015 02 025 03
Volumetric water content

Empirical Topp’s equation:
0=-53x107+2.92x107%¢, —55x10"&” +4.3x107°¢’
Dielectric mixing models (e.g., Complex Refractive Mixing Model CRIM):
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GPR for determining the electrical properties of materials

Resorting to full-wave forward and inverse modeling of the GPR data Is

necessary to maximize information retrieval capabilities

Soil EM properties EM forward model

T
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Optimization
algorithm

Modeled signal

Evor | I

function

Full-wave inverse modeling
" Reach the frontiers of information
retrieval from the available radar data
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Measured signal

Signal inversion
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Examples of application

Irrigation areas in Tunisia

Diglectric constant

1 1 1 1 1 1
0 005 01 015 02 0.25 03 0.35
Water content

Different characterization scales and inherent variability

Sample Radar volume
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High-resolution, real-time mapping of soil moisture

Handheld system
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mm) Towards digital soil mapping — improving remote sensing data products



Field-scale applications

Test site in Bologna (Italy)

SWC by GPR 27/06/2011
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Root-zone soil moisture characterization




* New GPR full-wave inverse modeling techniques have been developed
for non-invasive soil characterization

» High-resolution soil moisture maps can be obtained at the field scale
=mp Shallow characterization for improving remote sensing

==p ROOt-zONne characterization for precision agriculture

Precision agriculture perspectives

Integrating the technology in a digital
soil mapping applied context

(e.g., improve irrigation efficiency)
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