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Abstract: 

This contribution reports the activities aiming at multi-domain and multi-scale research applied to cultural terraced 
landscapes. Terracing and dry-stone walling have been internationally recognized as carriers of cultural values and 
traditional knowledge. Lamole in Chianti (Italy) has served as a primary case study of terraced vineyards, where 
interdisciplinary research has been converging for almost a decade. The evolution of multi-sensor data acquisition in 
different spectral ranges, data-driven modelling, and multi-scalar approaches performed over the years are mentioned, 
with specific attention to the evaluation of microclimate variations induced by dry-stone walls and how they affect plant 
growth, ripening, and production. The results already obtained from data processing and analysis are described, although 
the work is still progressing. The ongoing and planned future research are reported for developing methodologies to 
understand the parameters that are critical for the effective restoration and functioning of the dry-stone walled vineyards 
and construct performance-oriented design strategies to enable knowledge-based design processes. 
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1. Terraced landscapes

Terracing is considered one of the most evident 
anthropogenic footprints on the landscape. This 
traditional agro-hydraulic system represents a long-
standing and intimate relationship between humankind 
and nature. Some of these “Cultural landscape” sites, with 
peculiar value, are protected by UNESCO and inscribed 
in the World Heritage List (UNESCO, 1979), from rice 
terraces in China and Philippines to the typical Italian 
terraced landscapes (Costiera Amalfitana and 
Portovenere, Cinque Terre). Another international 
recognition of the specific agricultural value of terraces 
has been given by FAO - Globally Important Agricultural 
Heritage Systems (GIAHS), for recovering traditional 
knowledge, farm resilience, food security, cultural identity, 
agrobiodiversity, and landscape peculiarity criteria. 
Amongst the overall protected agricultural areas, at least 
17/50 sites are terraced landscapes (Varotto, Bonardi, & 
Tarolli, 2019), from Andean terraced agriculture (Peru) to 
the olive groves of the slopes between Assisi and Spoleto 
(Italy) (FAO-GIAHS, 2002). 

Dry-stone walls are strictly connected to terraces since 
they represent structural elements and retaining slope 
systems. The “Art of dry-stone walling, knowledge and 
techniques” was inscribed in the UNESCO 

Representative List of the Intangible Cultural Heritage of 
Humanity in 2018 (Intergovernmental Committee, 2018). 

The combined presence of terraces and dry-stone walls 
strongly influences and shapes steep hillsides and the 
environment. The main functions of terraces (Agnoletti, 
Conti, Frezza, Monti, & Santoro, 2015) are widely 
recognised as: 

 Control of water runoff and storage.
 Prevention of erosion phenomena.
 Improvement of soil fertility and productivity.
 Increase food quality and security.
 Foster agrobiodiversity.
 Enhance landscape complexity.
 Face climate changes.

The natural hydrogeological processes, mitigated by 
these artificial systems, tend to reactivate because of the 
lack of active terracing conservation. The main issues 
triggering slope dynamics may be ascribed to land 
abandonment by the farmers, inappropriate maintenance 
of terraces, dry-stone walls and drainage systems, and to 
the lack of shared regulations for their management. 
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2. The case study of Lamole 

The Italian territory is made up for 77% by mountains and 
hills, thus terracing is the primary form of adaptation to the 
adverse environmental conditions for polyculture 
cultivation, mainly olive groves and vineyards (Agnoletti, 
Conti, Frezza, Monti, & Santoro, 2015) The typical Tuscan 
landscape represents a complex resource, with a cultural, 
historical, environmental, social, and economic value, 
fundamental for rural areas’ identity and development 
(Sereni, 1991). 

The Chianti Classico area is characterized by a synergy 
of natural and anthropic structures, and it represents a 
remarkable example of terraced vineyards landscape. 
Lamole is an ancient site for wine production, dating back 
to Roman times and with a prestigious history related to 
the Medici family. Its position at a medium altitude of 600 
m MSL (Mean Sea Level) has fostered the use of bench 
terraces to create horizontal surfaces that strongly 
reshaped the steep slopes of the hills for agriculture. 

These traditional features have been progressively 
recognised, from a cultural, social, and economic, point of 
view, in recent years. In fact, in 2018 Lamole was included 
in the Rural Historic Landscape Catalogue of the Italian 
Ministry of Agricultural, Food, Forestry Policies 
(Ministerial Decree, 2018). Moreover, the Italian inter-
ministerial decree of June 2020 (Inter-ministerial Decree, 
2020) defines and recognizes heroic and historical 
vineyards, as a further step in the valorisation of 
traditional and sustainable agricultural practices. 

Over the years, both Lamole’s terraces and dry-stone 
walls have been suffering abandonment, in favour of more 
industrial systems, and degradation processes such as 
deformations, bulging and collapses. Recently, a process 
of recovery and conservation of past traditions and 
ancient structures is being carried out by local farmers. 

In particular, the terracing and dry-stone walls recovery, 
restoration and conservation activities performed by Mr. 
Paolo Socci (Fattoria di Lamole) since 2003 have 
provided useful sites for the tests, thus allowing a 
productive and enduring collaboration throughout the 
years. 

Four bench terraced vineyards have been surveyed and 
analysed since 2016: Grospoli I, Grospoli II (Fig. 1), 
Castello and a newly constructed vineyard. An overview 
of the Grospoli area is shown in Figure 2. Grospoli I and 
II vineyards are located at altitudes ranging from 550 to 
630 meters on the west-facing slopes in near proximity to 
the centre of Lamole. The Castello vineyard is located at 
altitudes from 510 to 540 meters, mainly on the northeast-
facing slope (see Fig. 3). The name of the vineyard comes 
from the adjacent settlement - Castello di Lamole (marked 
orange in Figure 3). 

3. Research on the field 

Lamole has been a suitable case study for multi-domain 
and multi-scale approaches, aiming to address practical 
problems, in strict collaboration with the local farmers, 
building up on their experience and responding to their 
needs. 

 

Figure 1: Dry-stone walls and terraces in the Grospoli II 
vineyard. Height of the dry-stone walls varies throughout the 

vineyard, as well as the distribution of the wine plants on each 
terrace. 

 

Figure 2: The Grospoli I vineyard (marked blue) was surveyed 
in 2017 (Tucci et al., 2019), Grospoli II vineyard (marked red) 

was analysed in 2019 as a part of a Master Thesis in 
Architecture (Gambini, Nassi, & Tesi, 2020) and surveyed in the 
TIR range in 2020. The vineyard marked in orange was newly 

constructed in 2020; an initial survey was conducted at that 
time. 

Several research groups, belonging to different 
disciplines, have been studying terraced-related 
phenomena for almost a decade in Lamole (Agnoletti, 
2013). Experts in the field of agronomy, hydraulics, 
landscape architecture, civil and environmental 
engineering, and geomatics, have joined their efforts for 
the combined study of degradation mechanisms, like soil 
erosion, slope failure processes, water flows pathways, 
which can cause damage to retaining walls, terracing 
failures and trigger landslides (Preti, Tarolli, Dani, 
Calligaro, & Prosdocimi, 2013; Tarolli, Preti, & Romano, 
2014; Tarolli et al., 2015; Preti, Errico, Caruso, Dani, & 
Guastini, 2018; Preti, et al., 2018; Varotto, Bonardi, & 
Tarolli, 2019; Socci, Errico, Castelli, Penna, & Preti, 
2019). 
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One aspect that has been foregrounding since 2015 is the 
study of temperature variations induced by terraces and 
dry-stone walls and how these affects vine growth and 
ripening, influencing the final quality of the produced wine. 
Multi-sensor aerial and ground-based data acquisition 
have been performed to study the effect of microclimate 
on a local scale, and data-driven models have been 
constructed to accommodate the diverse disciplinary 
perspectives of the participants. 

 

Figure 3: The Castello vineyard has been surveyed in 
September 2020. The terraced part (marked blue) is located at 

the lowest part of the vineyard and facing northeast. Non-
terraced part (marked red) is constructed on a continuous, 

moderate slope facing north (rows of wine plants running in the 
north-south direction). In orange the Castello small hamlet. 

3.1. The adopted methodologies 

Different technologies and methodologies have been 
adopted for thermal behaviour evaluations. Details on the 
Unmanned Aerial Vehicles (UAV) and sensors specifics 
are extensively reported in Tables 1-3. 

Tables 1-3 show specifications of methodologies, 
instruments, and sensors used for field-tests from 2017 to 
2020. The subdivision is made by year and vineyard, 
describing the adopted methodologies (ground- or aerial-
based), the UAV platforms, and the characteristics of the 
sensors. Also, radiometric, spatial, and temporal 
resolutions are reported for each survey. For spatial 
resolution GSD is considered for 3D outputs and 
projections (orthomosaics); for thermal sensors IFOV 
(Instantaneous Field of View) at 1 m is used for 
comparison. 

A first approach involved the use of fixed weather stations 
on the field for environmental parameter monitoring (like 
air temperature, relative humidity, wind speed, etc.). 
These sensors were installed and controlled by the 
Research Centre for Architecture and Tectonics (RCAT) 
of the Oslo School of Architecture and Design from 2016 
to 2017. 

A combination of ground-based and aerial-based data 
acquisition in the visible (VIS) and Thermal-InfraRed (TIR) 
ranges have being performed since 2017. A methodology 
that combines aerial photogrammetry and multi-sensor 
imaging was tested in 2017, under the coordination of the 
University of Florence (Tucci et al., 2019; Parisi, Suma, 
Güleç Korumaz, Rosina, & Tucci, 2019). The study 
allowed the production of 3D models from aerial-based 

(UAV) photogrammetry of the Grospoli I vineyard (marked 
blue in Fig. 2), both in the VIS and TIR spectral range. 

Table 1: 2017 field test: Grospoli I. 

Methodology Ground-based Aerial-based 

Photogrammetry  x 

Thermal imaging  x 

   

Specifications RGB TIR 

UAV DJI Phantom 4 
Pro 

customized 
hexacopter 

Sensor DJI FC6310 1’’ 
CMOS 

OPTRIS PI450 
FPA, uncooled 

Optical resolution 
(pix)  

5472 x 3648 382 x 288 

Thermal sensitivity 
(at 30°C) 

 0.04°C  

Spectral range Visible  8 – 14 μm 

Temporal resolution Once/day on 
Sept. 7, 2017 

Twice/day 
(08:50/15:00) 

Spatial resolution 
(GSD) 

2 cm/pix 12 cm/pix 

Table 2: 2019 field test: Grospoli II. 

Methodology Ground-based Aerial-based 

Photogrammetry x x 

Thermal imaging x  

   

Specifications RGB TIR 

UAV DJI Phantom 4 
Pro 

 

UAV sensor DJI FC6310 1’’ 
CMOS 

 

Ground sensors Nikon D3300 
CMOS 

FLIR B360 
FPA, uncooled 

Optical resolution 
UAV (pix) 

5472 x 3648  

Optical resolution 
Ground sensors 

(pix) 

6000 x 4000 320 x 240 

Thermal sensitivity 
(at 30°C) 

 <0.05°C 

Spectral range Visible 7.5 – 13 μm 

Temporal resolution Once/day on 
Sept. 13, 2019  

Every 2 hours 
/day  

UAV GSD 1.5 cm/pix  

Ground sensors 
GSD/IFOV 

1 mm/pix IFOV 1.4 mm2 
at 1 m 

A common photogrammetry survey was performed to 
reconstruct the geometry of the vineyard with a DJI 
Phantom 4.0 Pro drone, equipped with an RGB digital 
camera (for further details see Tables 1-3). A customized 
aircraft was used for TIR radiometric survey, with two 
different flights (in the morning and in the afternoon). 
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The main challenge was to set up a procedure for frame 
extraction from the thermal radiometric videos, 
maintaining the thermal information and obtaining 
suitable images for the photogrammetric process. The 
completed procedure is reported in Tucci et al. (2019). 
The produced orthomosaics were compared thanks to a 
common reference system provided by GNSS 
measurements of special targets, covered in aluminium 
foil, visible also in the TIR. The spatial resolution (given 
by Ground Sample Distance – GSD in Tables 1-3) of the 
orthomosaics was considerably different because of 
different sensors size for VIS and TIR. 

Table 3: 2020 field test: Grospoli II / Castello. 

Methodology Ground-
based 

Aerial-based 

Photogrammetry  x 

Thermal imaging x x 

   

Specifications RGB TIR 

UAV DJI Mavic 2 Enterprise dual 

UAV sensor M2ED 1/2.3" 
CMOS 

M2ED FPA, 
uncooled 

Thermal sensor  FLIR SC620 

WIC 336 FPA, 
uncooled 

Optical resolution 
UAV (pix) 

4056×3040 160×120 

Optical resolution 
Thermal cameras 

(pix) 

 FLIR 640 x 480 

WIC 336 x 256 

Thermal sensitivity 
(at 30°C) 

 UAV <0.05°C 

FLIR 0.04°C 

WIC ≤0.03°C 

Spectral range UAV Visible 8 – 14 μm 

Spectral range 
Thermal cameras 

 FLIR 8 – 14 μm 

WIC 7.5 – 13.5 μm 

Temporal resolution 
UAV 

Every 3 hours/day on Sept. 5-8, 
2020 

Temporal resolution 
Thermal cameras 

 FLIR 10 min/day 

WIC 5 min/day 

UAV GSD 1 cm/px N.A. 

Ground sensors 
GSD/IFOV 

 FLIR 0.6 mm2 at 1 m 

WIC (IFOV) 1.3 mm2 
at 1 m 

Evaluations on a different scale were performed in 2019, 
with a ground-based experimental setup to record the 
daily surface temperature variation of both sides of the 
closest grapevine rows to the wall. A new vineyard 
(Grospoli II, marked red in Figure 2) was used as case 
study and spatially reconstructed in 3D by UAV 
photogrammetry. A new experiment with a ground 
thermal camera (FLIR B360) was set up for monitoring 
daily temperature variations of dry-stone walls and the 
closest vine rows with high spatial and temporal resolution 
(thermal images acquired every two hours for one day as 
reported in Table 2)). Ground-based photogrammetry 

was also applied for reconstructing a section of a dry-
stone wall affected by bulging to assess its structural 
performances (GSD 1 mm/px). 

The previous experience was useful to combine, in 2020 
surveys, ground-based and aerial-based methodologies 
to produce spatial data in both VIS and TIR range. The 
Grospoli II and Castello vineyards were used for data 
collection. Castello vineyard was also surveyed with aerial 
photogrammetry to reproduce its georeferenced spatial 
geometry. 

The aerial survey utilized a low-cost UAV (DJI Mavic 2 
Enterprise Dual), which includes both RGB and non-
radiometric TIR sensors in a stereo setup. Some of the 
best practices proposed by (Kelly et al., 2019) were 
applied to derive accurate temperature data with this UAV 
platform. In addition, the ground-based experimental 
setup was improved, by using two thermal radiometric 
cameras (FLIR SC620 and WIC 336) in fixed positions, 
framing the dry-stone wall and the vines in the closest 
proximity. Spatial and temporal resolutions (5-10 
minutes/day) were further increased to have a more 
accurate daily monitoring of the thermal behaviour (Table 
3). All the atmospheric parameters needed for absolute 
temperature evaluation in thermography, were provided 
by thermo-hygrometers placed close to the thermal 
cameras. A validation system was also considered, using 
contacts sensors (thermocouples) measures on special 
aluminium reference targets. This experimental setup is 
considered the last methodological evolution to deliver 
accurate temperature data in two different scales, from 
the single plant to entire vineyard. 

3.2. Obtained results 

The methodologies reported in section 4.1 allowed to 
collect multi-source data analysed with multi-domain 
approaches. This section mentions some of the results 
obtained in the past years. 

The Research Centre for Architecture and Tectonics 
(RCAT) at the Oslo School of Architecture and Design 
applied the research by designing methodology based on 
the integration of data collected on the field. Master-level 
students developed speculative projects to learn how to 
design in highly sensitive environments while preserving 
the environmental conditions of the terraced vineyards. 
Weather data collected on-site over two years period was 
used in the micro-climate simulations, supplemented also 
by the results of the thermographic survey and by the 
expert knowledge on the requirements for the growth of 
vine plants. Such a process required the application of 
data-driven parametric design processes, incorporating 
both the datasets, uncommon for architecture and the 
interdisciplinary knowledge of the collaborators involved. 

The tests carried out on the field in 2017 allowed to 
experiment new approaches for multi-spectral data 
collection and to set up new methods for data processing 
and analysis. In particular, the TIR radiometric sensor 
(OPTRIS PI450) mounted on the UAV was able to acquire 
only radiometric videos, thus a suitable procedure was 
created for extracting radiometric images to be used for 
the photogrammetric reconstruction. The results are two 
radiometric 3D models and thermal orthomosaics of the 
Grospoli I vineyard (morning and afternoon), which can 
be overlayed to the VIS orthophoto of the same area. The 
measured temperatures are to be considered as relative 
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values since it was not possible to insert all the ambient 
and specific parameters (air temperature, relative 
humidity, distance, emissivity, reflected temperature) 
used for absolute readings. A visual interpretation of the 
thermal behaviour in Figure 4, already suggests that the 
closest vine rows in respect to the bottom of the dry-stone 
walls are colder in morning compared to all the other 
rows, while in the afternoon the thermal equilibrium is 
reached. Furthermore, a statistical analysis of the 
associated temperature values, were performed over all 
the plant rows of the vineyard through GIS to monitor their 
daily thermal behaviour, the possible influence of the dry-
stone walls, and of solar exposition. The results, 
extensively reported in Tucci et al. (2019), showed that 
the main measurable effects on temperature variations 
are due to solar irradiation and shadowing, although some 
minor variations were detected. This preliminary research 
and its promising results drove to further experiments on 
the topic. The necessity of higher spatial and temporal 
resolution led then to a multi-scale approach, still ongoing, 
with ground-based tests coupled with aerial and UAV 
surveys, further reported in section 4.3. 

The multi-scalar approach for studying the terraced 
landscape of Lamole, was also the research topic of a 
Master Thesis in Architecture, supervised by the GeCo 
Lab of the University of Florence in 2019 (Gambini, Nassi, 
& Tesi, 2020). The analysis of 3D spatial data, obtained 
by photogrammetry, of a single dry-stone wall and of a 
vineyard (Grospoli II), was combined with an extensive 
study of the land-use changes over decades of the entire 
area, based on national and regional GIS systems. 
Abandonment, lack of knowledge on how to maintain and 
how to design for reconstruction and durability of the 
terraced vineyards were found to be the biggest threats 
for the preservation of the historic terraced vineyards. The 
study included the role of plants in the considered scales, 
from the changes in the forest coverage, through the 
analysis of the species distribution in the proximity of the 
vineyard and the presence of plants on the walls and its 
relation to the structural stability. The scope of the study 
was the analysis of the relations between the territory, the 
landscape, the single vineyard and the dry-stone walls, as 
inseparable elements that belong to the complexity of a 
terraced cultural landscape, with the final aim to produce 
and manage information to preserve such diffuse heritage 
(Fig. 5). 

3.3. Ongoing and future research 

In 2020, two new terraced vineyards were constructed in 
Lamole by two winemaker companies who decided to 
recover pre-existing structures or build new terraces. 
Supposedly, global climate change influences the 
ripening processes of the grapes, thus increasing the 
attractiveness of such high-altitude locations as Lamole. 
The abovementioned winemakers are looking back at the 
historic examples of the terraced vineyards to recover the 
knowledge on how to construct and maintain such 
agricultural systems. In some cases, historical 
orthophotographs of Lamole can provide insights on the 
structure of the terraced vineyards, yet the methods to 
efficiently support the multi-objective planning processes 
of the vineyard restoration are to be studied. 
Interdisciplinary-oriented restoration of the terraced 
vineyards allows to cultivate steep slopes and, due to 
enhanced slope stability, mitigates the risks of landslides 
and vineyard soil erosion. A preliminary photogrammetric 

survey of the first newly constructed vineyard was carried 
out in September 2020 (marked orange in Figure 2). This 
opens the possibility to observe the complete evolution of 
the terraced vineyard in the upcoming years of surveys. 

 

Figure 4: Thermal orthomosaics of the morning UAV 
photogrammetric flight (top) and of the afternoon (bottom). The 

daily temperature variation is clearly showed: in the morning 
(temperature relative range 14.8-18.3°C) shadowing effects 

cause the dry-stone wall facing rows to be colder than the other 
rows; in the afternoon (temperature relative range 21-25°C) 

solar insolation allowed to reach thermal equilibrium. 

Acknowledging the importance of the terraced vineyards, 
this research is developing methodologies to understand 
the parameters that are critical for the effective restoration 
and functioning of the dry-stone walled vineyards on one 
hand, and construct performance-oriented design 
strategies to enable knowledge-based design processes 
on the other hand. Such methods are based on the use of 
the collected geospatial data, geoscientific analysis, and 
simulations, as well as iterative, multi-scalar design 
processes. Such approach was partially pursued in the 
aforementioned research and recently discussed in-depth 
in the context of ‘ecological prototypes’, which constitute 
a particular type of Green Constructions. The Lamole 
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terraced vineyards are considered to provide diverse 
ecosystem services and help increase biodiversity. The 
conducted surveys will contribute to establishing the Key 
Performance Indicators for the design of ecological 
prototypes, aiming at the construction of multi-scale 
computational tools and methods, resulting in the 
definition of the design decision support system (Hensel 
& Sørensen, 2019; Sunguroğlu Hensel, 2020). 

In the upcoming years, understanding the contribution of 
plants from the multi-scalar perspective will be addressed. 
A study on the vine plant physiology in a wide time series 
would allow for the qualitative evaluation of the benefits 
that historical terraced vineyards provide for the resulting 
product. The role of the mosaicked land-use patterns 
visible in the historic terraced vineyards is believed to play 
an important role in creating diverse ecosystems, 
incorporating water collecting crevasses and forests 
surrounding the vineyards. Future activities will utilize the 
photogrammetric data collected during the past surveys 
and blend it with the airborne LiDAR data, acquired in July 
2020, to encompass the wide range of scales. 

The thermographic study previously conducted on the 
Grospoli I vineyard presented temperature distribution 
patterns induced by the dry-stone walls on the vine rows. 
Limited time resolution, as well as spatial resolution of the 
resulting TIR point cloud was also mentioned. Preliminary 
results are promising, showing a strong correlation 
between the control measurements and the acquired 
data. Low-cost, integrated platform allowed for longer 
flight times, not constrained by the limited power supply 
of the TIR sensor used in the 2017 survey. Relatively 
short recharging intervals allowed to complete five UAV 
acquisitions of the whole Grospoli II vineyard in a day, 
extending the temporal scale of the acquired data. On the 
other hand, the quality of the resulting point cloud in both 
RGB and TIR spectrum is being currently evaluated. This 
study was conducted in the Grospoli II vineyard (Fig. 2), 
as well as in the Castello vineyard (Fig. 3). 

A particular property of the Castello vineyard is that both 
the terraced and non-terraced parts are present in one 
vineyard. Photogrammetric data was collected in 
September 2020 with multiple UAVs flights with combined 
RGB and TIR acquisition, to include both terraced and 
non-terraced parts in the survey, documenting their 
geometry and thermal behaviour. Datasets collected in 
the different vineyards throughout the years are currently 
being analysed: it is still to be discovered to which degree 
such diverse data can be compared and effectively used 
to help understanding the environmental role of the 
historic dry-stone walls in the terraced vineyards. On one 
hand, a systematically constructed methodology would 
suggest that such direct comparison should be possible. 
On the other hand, the Grospoli vineyards and Castello 
are located on different altitudes and are facing different 
directions. Understanding how the different factors 
influence the role and functioning of the dry-wall terraces 
poses a challenge, but the understanding of the 
interdependencies would be an important step forward, 
allowing to construct an effective decision-support 
system. 

In future research, given the availability of airborne LiDAR 
data of the entire valley (Fig. 6), photogrammetric and 
thermographic measurements taken in different vineyards 
will be correlated spatially. Also, the availability of data 
obtained from classification methodologies of the point 

cloud, such as LiDAR-based terrain and tree canopy 
models, will be used in the geospatial simulations to 
understand the significance of the historical terraced 
vineyards on the territorial scale. 

 

Figure 5: Example of multi-scalar analysis applied to the 
terraced landscape of Lamole (Gambini, Nassi, & Tesi, 2020). 

Starting from the top: terrestrial scale analysis of the mosaicked 
land use, based on the regional GIS data; Grospoli II vineyard 
marked in blue. In the centre: orthophoto from the 3D model 

produced by UAV photogrammetry of the Grospoli II vineyard 
(GSD 1.5 cm/px). Last three illustrations: orthophoto of a single 

dry-stone wall (GSD 1 mm/px), characterized by bulging 
problems, thematic map of the material degradation, and DEM 

model to identify bulging and related structural problems. 

These data represent a considerable source of 
information that can be used for several applications in 
different research field, as for example geological 
monitoring, for the study of induced-landslides due to 
terraces abandonment with innovative sensors (Mucchi et 
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al., 2020). Moreover, the application of multispectral and 
hyperspectral sensors, active in other ranges of the 
electromagnetic spectrum, is considered in the near 
future, enabling the calculation of biophysical vegetation 
indices, which is widely applied in precision agriculture 
(Adão et al., 2017; Pastonchi, Di Gennaro, Toscano, & 
Matese, 2020). 

 

Figure 6: The airborne LiDAR data (point cloud) covering 
Lamole and the surrounding valley. All vineyards in the area are 
included in this dataset. Multiple returns acquired by the LiDAR 
sensor allow to properly model both tree canopies (DSM) and 
the underlying landform (DTM). This dataset is considered to 
help understanding the water regimes and related ecosystem 
functions. Complex relations between the form of the valley 

partially covered with forests and the terraced vineyards result 
in the mosaicked land use pattern of small vineyards, 

interwoven with the water-diverting crevasses. 

4. Conclusions 

This contribution aims at presenting the research 
activities performed on terraced landscapes in Lamole. 

Anthropic modification of the environment with terracing, 
as well as the recovery and conservation of traditional 
knowledge, has being increasingly recognized recently. 
Unique qualities of terraced landscapes, referred to as 
“Cultural landscapes” and “Heroic and historic vineyards” 
are acknowledged by UNESCO, FAO-GIAHS, and Italian 
governmental Bodies. “Art of dry-stone walling” refers to 
the knowledge related to construction and operation of the 
terraced vineyards and is considered as an Intangible 
Cultural Heritage of Humanity by UNESCO. Thus, 
terraced landscapes are clearly understood as carriers of 
social, cultural, and economical qualities. 

The involvement of expertise from different research 
fields has converged over the years in Lamole. 
Peculiarities of the Chianti area and presence of well-
established agricultural terraced systems resulted in 
Lamole being chosen as primary case study of the 

presented interdisciplinary research activities. The multi-
domain approach towards those unique landscape forms, 
allowed to study the impacts of such diffuse heritage 
under different levels. This, in turn uncovered new 
research directions that will be further addressed in future 
study cases in Tuscany, Italy, and worldwide. 

In particular, the description of the evolution of the 
methodologies adopted for studying temperature 
variations induced by terraces and dry-stone walls in 
selected vineyards is reported. The first test on the field 
(in 2017) involved the use of UAV-mounted VIS and TIR 
sensors, for temperature evaluations of the entire 
vineyard. A suitable procedure for data extraction and the 
related information obtained have been studied. The 
promising results further led to increase the spatial and 
temporal resolution with experiments on the ground 
(2019) with thermal camera for the evaluation of surface 
temperatures of plants and walls, to finally combine the 
two methodologies for a multi-scalar approach in 2020. 
The currently available results and the research they have 
fostered, have been described in section 4.2. The data 
from the last surveys has currently being analyzed, 
although the trend of the future research has been 
mentioned in 4.3 section. 

In the recent years, growing numbers of vineyards in 
Lamole have been captured photogrammetrically in both 
TIR and VIS ranges. Subsequent acquisitions of both 
historic and newly established vineyards will allow to 
monitor geometric changes and to address the questions 
of changing environmental conditions in the terraced 
vineyards. Inclusion of airborne LiDAR data and 
multispectral photogrammetric data in the future will allow 
to extend the scope of investigation. 
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