Universita | oistavoirar

E E DELLA VITA

&

Session NH3.81|L Lalndslide monitoring: recent technologies and new perspectives \\,N ‘ _
(EGUss, 2023 Hmagﬁm ONITORING IN DRY<STONE WALL TERRACES FOR m ATION-OF RAINFALL-

Assembly
y— @)UCED LANDSLIDES} NARY-RESULT: M THE D WORLD HER =~SITE OF THE CINQUE TERRE o= ©
b =

fego Di Martire3, Giacomo Russo?, Luigi Guerriero?®, Patrizio Scarpellini?, Marco Firpol, Domenico Calcaterra?, Andrea Cevascol

PARCO

CINQUE TERRE
ying P

Giacomo Pepel”, Andrea Vigol, Andrea Mandarino!, Emanuele R

4

*: IUniversity of Genoa, Department of Earth, Environmental and Life Sciences (DISTAV), Italy ( ﬁgiacomo.pege@unige.it) - 2Cinque Terre National Park, Riomaggiore, La Spezia, Italy - Department of Earth, Environmental and Resource Sciences (DiISTAR), Federico II University of Naples, Italy

I =" BACKGROUND & ISSUES 2 - RESEARCH PURPOSES & STUDY AREA

Dry-stone wall terraces are among the most ancient and widespread agricultural .| Rail“fa" Hvdro-aeomorpholoaical The research activities described are in the framework of the a LIFE EU-project [ " V=
practices on hilly-mountainous landscapes (Fig. 1a-b). Their historical, architectural, 1 Terace  on of fu);rctimgws " ter‘:aces (gFi 2 "STONEWALLSFORLIFE” (S4L), which is aimed at investigating the role of dry-stone walls in 1 fibniraic | g0
and environmental value has been recognized worldwide. Recently, "the art of dry- | -'.a\mmtrauon 9- £); increasing the resilience of rural areas and in counteracting the impacts of climate change (Fig. 7). G -l
stone walls” was inscribed on the UNESCO Representative List of the Intangible oot 2 AR . . . .
Cultural Heritage of Humanity (Fig. 1c) P J Dry-stone %§ - (i) slope reduction The S4L terraced pilot site (12.5 ha) surrounds the Manarola : 5 QT ISRt -
. . s gL N Nfiltration throug . . f .
| R S —— — el BN bedrock hamlet (E Liguria, NW Italy), at the outlet of the small V-
‘ ’ . (ii) water infiltration & soil shaped Groppo valley (Cinque Terre National Park) (Figs. 8-9).
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terraces (mod. from Cevasco et al. 2014). i P Fig. 7 STONEWALLSFORLIFE (S4L) Project. Ligurlan, Sex
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Due to abandonment & lack of maintenance, terraces I Aoananed ars proj J — .
. . . , Fig. 8 Location &geomorphologlcal setting of the S4L Project pilot site.
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functions (Fig. 3). = Restoring abandoned terraces, making them more resilient also with innovative techniques;

= Handing terraces over for productive use with long-term contracts to farmers who commit to their maintenance.
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= Explore the effects of land use & of management practices of dry-stone
wall terraces.

Fig. 3 Examples of terrace evolution following abandonment in Cinque Terre (Italy).

Terrace abandonment is accompanied by erosion and mass
movements, which can lead to slope degradation (Fig. 5).

orphology Fig. 9 LULC map of the S4L Project pilot

site (Manarola hamlet, Cinque Terre).

Pedology = Investigate the hydro-geotechnical behaviour of dry-stone wall terraces in

different land use conditions & state of management (Fig. 10).

Fig. 10 Examples of abandoned and cuItivate
terraces at the S4L Project pilot site.

Several factors affect the hydro-geomorphological response of terraced
systems after abandonment (Fig. 6).

4 — FIRST RESEARCH ACTIVITIES & PRELIMINARY RESULTS

Monitoring sites engineering-geological characterization e | s | o

Fig. 6 Factors that can influence the hydro-geomorphological response of Fig. 5 Different response to intense rainfall of
terraces after abandonment (adapted from Moreno-de-las-Heras et al. 2019) terraced slopes with different land use/land cover. £

3 - METHODOLOGICAL FRAMEWORK
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Monitoring scenarios & systems Field & laboratory investigations _ secti_ons soil deQSitS show thickness from 1,0 to 1,5 m and are from loose to %BO | s
Field test map medium dense (Fig. 17). | 2
Monitoring scenarios Land use/land cover conditions Multidisciplinary approach (Figs. 14-15) - . Slope materials are made up of poorly .
(Figs. 11-12) ' [ Dymemieprotine . sorted silty gravels & silty sands with low 7| i w‘
- . | | o plasticity (Fig. 18 & Table 1). R = T ) T:‘-’:o
based on: Dry-stone wall management practices (i) geophysical surveys cciomic survey ‘g P v (Fig ) " orain size (mm) L Liic W, )
' v g Test PP2 . - Test PP1 e o m“‘" o Fig. 18 Grain size and plasticity properties in comparison with other soils collected in the Cinque Terre National Park (data source: Cevasco et al. 2014).
(ii) GNSS surveys 3 B . M o o
b 4 : - e Vsat o wlp plastic limit
§§§§§§§§§ (iii) geological & geomorphological field F&# - 2 o T i.llliﬂﬁll.illl
L surveys | c Boouno o o uwIn o nEuly e
(iv) in situ & laboratory geotechnical | a) S o E e :Z T e T e ::
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Fig. 12 Abandoned & restored terraced sites (vegetation
i i removed); b) cultivated site.
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Fig. 19 Engineering-geological 2D-models across the monitored slope sections.

3. Restored terrace & dry-stone walls using traditional building techniques (site 1)

4, Restored terrace & dry-stone walls using innovative/alternative interventions and/or techniques (site 1)

Dry-stone wall sensors o

0,35 6,0
0,25 6,0 ! !
——SM01-20 cm Infiltration test C) ——SMO01 - 30 cm
Weather Weather ——SMO02 -30cm - - Infitration tes o
a) station & Terrace platform b) station & Terrace platform — SMO3.- 50 cm “- 0.30 | SMO02 - 50 cm -
datalogger datalogger l T e T 0.20 /-— 5,0 ——SMO03 -70 cm )
l Ground Ground | D
. - - - - - [
[ R [ rectnot ooty Multi-parametric monitoring stations (Fig. 13) =@ "¢ 0 oo
reworked soil reworkedsoil /& - T . e N s SR e R e ol WSS et 0.15 L~
VWC & SWP
VWC & SWP ~——— 3,0
sensors ry-stone wall

avnc I
I H
103 it
............. : |
]

S &
Hourly rainfall (mm)

Hourly rainfall (mm)

Volumetric water content (m3/m3)

== . = Dry-stone wall sensors: total stresscells L g W e MW Lm0 T et s |- =

= Soil sensors: volumetric water content (VWC - TEROS 11, METERGroup ¥ A g Lo ottood Defaglofavoln B L - & a2l o, Defiadlio Tovola l : \I | 1[
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5 - FINAL REMARKS & FUTURE DEVELOPMENTS These data series make it possible to infer some preliminary considerations ¢ "s & — e \\z
on the hydraulic response of the soil in the two land use settings. g B - 2

From the whole set of investigations, it is expected to improve the knowledge concerning the hydrological processes occurring in dry-stone wall terraces . . . . 3 L8
Both soil moisture and matrix suction sensors reveal a short-term response Lol ol L,

and to obtain useful information for modelling soil mass movements (e.g., shallow landslides), along with indications for the development of effective land
management strategies. In the next future, eight total pressure cells will be installed either immediately behind and inside the body dry-stone walls to
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to rainfall peaks, despite no significant rainfall events were still recorded. FELLLETEL FFFSSELEITEL s
HOWGVGF, dlfferent behaviours aCCOrdmg to Cepth were observed. Fig. 21 VWC & SWP sensor data versus cumulative hourly rainfall for the monitoring stations

Q installed at cultivated (a-b) & abandoned terraced sites (c-d).
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measure and monitor loads acting on retaining structure.
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