Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 November 2022 d0i:10.20944/preprints202211.0461.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article 1

Landslide Field Mapping: IFFI-Restart Forms for Data Acquisi- ,
tion and Management for the Classification of Landslides in
the Municipalities Affected by the 2016 Central Italy

4
Earthquake
5
Mauro De Donatis'®, Giulio Fabrizio Pappafico!, Roberta Boni!, Mirko Francioni!, Lucia Marino?, Stefano Morelli!, ¢
Vitalii Zatserkovny?
1 Department of Pure and Applied Sciences, University of Urbino Carlo Bo, Urbino 61029, Italy 7
2 Institute of Geology, Taras Shevchenko National University of Kyiv, Kyiv, Ukraine 8
* Correspondence: mauro.dedonatis@uniurb.it; Tel.: +39-0722 304 295 9

Abstract: Over the last few decades, the approach to geological and geomorphological surveys has 10
changed remarkably. The advent of digital tools has allowed significant advances in the acquisition 11
and management of survey data. In this paper, we demonstrate the development and testing of a 12
new and effective digital survey method that allows for the fast acquisition and collaborative 13
storage and management of data and information. This method was tested in collaboration with 14
five universities for the mapping and classification of landslides in 249 survey areas in Central Italy 15
and, more precisely, in the municipalities affected by the 2016 Central Italy Earthquake. Geological 16
and geomorphological surveys were carried out in the field with tablet PCs, GPS, and cameras. The = 17
survey project for collecting field data was based on the structure of the Italian Landslide Inventory =~ 18
(IFFI) and the Territorial Resilience Central Apennines Earthquake Reconstruction (ReSTART) 19
projects. The structure of the database and input forms were implemented for these aims. Moreo- 20
ver, the data and information were retrieved and organised in detailed records useful to the ad- 21
ministrative entities. 22

Keywords: Digital Geological Survey; Mobile GIS; Relational database; Geopackage; Landslide 23

Inventory; Post-disaster management 24
25
1. Introduction 26

The reconstruction of the inhabited centres in the municipalities affected by the 2016 27
earthquake in Central Italy involves a series of studies and acquisition of geological 28
knowledge of the territory, all of which is managed by the government commissioner in 29
a system called ReSTART [1]. Within this system, numerous projects are carried out by 30
institutions and universities for technical and planning purposes. Among them, a pro- 31
gram agreement was activated between the commissioner for reconstruction and the 32
Central Apennines River Basin District Authority (ABDAC), a public entity (recognised 33
by national law since 2017) with technical-scientific competences and a detailed 34
knowledge base of the geo-hydrological hazards and risks of the involved areas. This 35
agreement also involved five universities of Central Italy (University of Camerino, 36
Chieti, Perugia, Rome ‘La Sapienza’, Urbino ‘Carlo Bo’) in a project for the re-sizing and 37
reclassification of landslides that mainly affect the inhabited centres, according to the 38
schemes of the Hydrogeological Basin Plans (PAI: Piano d’Assetto Idrogeologico) regu- 39
lated and managed by ABDAC. 40

PAI represents a fundamental tool for land-use planning through the application of 41
land-use restrictions and regulations and may be changed periodically by the River Basin 42
District Authorities based on new studies and surveys, the occurrence of new landslides 43
and floods, realisation of mitigation measures, or requests by local authorities [2]. 44
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The landslide hazard zones of the River Basin Plans (PAI) include areas of potential 45
evolution of existing landslides and areas where new landslides may occur, in additionto 46
occurred landslides [2]. The Italian Landslide Inventory (IFFI Project) realised by the In- 47
stitute for Environmental Protection and Research (ISPRA)-Geological Survey of Italy 48
and the 21 Regions and self-governing Provinces [3-5] was the preliminary and key tool 49
used in the PAI for defining landslide hazard and risk assessment. The IFFI landslide 50
inventory is the most complete and detailed landslide database in Italy [2]. 51

In the framework of ReSTART activities, the ABDAC identified 1948 landslide and 52
239 survey areas (Figure 1), i.e., slope sectors delimited by morphological features suchas 53
watersheds and drainage lines enclosing places with assets needing to be rebuilt (Figure 54
2). 55

Abruzzo -
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Lazio | 23 Survey areas [239]

] Municipaities [138)
| L] Regions [4)

Figure 1. Geographical area including the 138 municipalities identified by the River Basin District 57
Authority for the recovery and reclassification of landslides occurring near the towns in the Region =~ 58
sectors affected by the 2016 Central Italy earthquake. The green dashed lines represent the 239 59
survey areas. 60
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Figure 2. Example of survey area as defined in Figure 1. The green dashed line bounds the 62
area. Base map from the Regional Technical Cartography (C.T.R.) at the scale of 1:10.000 [6]. 63

Geographically, the area includes 138 municipalities (Figure 1) belonging to the Prov- 64
inces of Ancona, Macerata, Ascoli Piceno, Fermo, Perugia, Terni, Rieti, L'Aquila, Teramo, 65
and Pescara in the four Regions involved (Abruzzo, Lazio, Marche, and Umbria). In these 66
areas, the PAI regulations and classifications are distinct from each other in the plans of 67
the Marche, the Tronto Basin, Abruzzo, the Tiber, and Umbria. They derive from the ter- 68
ritorial analyses of the primary regional hydrographic basins of Central Italy that were 69
conducted individually prior to the formal constitution of the ABDAC, which currently 70
manages them jointly. 71

1.1. IFFI-ReSTART form 72

The need to adopt a common method and a scheme for all operators who work in 73
the field and in the laboratory, while respecting the various regulations but with the aim 74
of standardisation, led to the choice of data acquisition according to a well-defined form 75
[7]. This form is related to a database management system (DBMS) here designed, im- 76
plemented, and illustrated (see Appendix A), which was used within the university 77
project for the re-sizing and reclassification of landslides. 78

The form, although assuming the definitions and fields of the IFFI Project [8,34], 79
was redefined and integrated in some parts, both to standardise the different PAland to 80
adhere to the main purpose —the safe reconstruction of inhabited centres. 81

In the field, we acquired detectable data from direct observations and measurements 82
or with ground- and/or drone-based photographic acquisitions. The form allowed ac- 83
quiring relevant observations to facilitate interpretation of the field data. 84

The main advantage of this new tool is the standardisation of the field data collec- 85
tion, while guaranteeing a certain work speed and high data quality and providing 86
storage that can be managed within a multi-platform database format and an 87
open-source and free GIS program. 88

2. Methods 89

Before operating in the field, we acquired all the ancillary data and bibliographic 90
documentation for the database and the photographic and satellite images for the identi- 91
fication and multi-temporal analysis of the phenomena under study and the neighbour- 92
ing areas (defined in the project as the area of interest, Al). 93
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The surveys were carried out through conventional geological and geomorpholog-
ical methods with the aid of digital tools supporting a GIS field project [9].

Therefore, while compass, hammer, binoculars and all the classic analogue instru-
ments allowed the observation and measurement of geological data, the digital survey
method developed during this project enabled acquiring and digitally storing the data
directly in the field with the instruments that are described in Section 3. The digital sur-
vey method will be explained and discussed in terms of hardware and software in the
following sections, and database development is covered in the Appendices A and B.

3. Hardware

The use of digital tools for field mapping is well-documented [10-12].

In this project, tablet PCs (Windows Surface Pro 7) equipped with the Windows 10
operating system and an input pen (stylus) were used. Windows tablet PCs had more
than adequate capabilities (CPU Intel® Core™ i5-1135G4; RAM 8 GB; 128 Gb Disk;
screen size 12.3”) to manage maps, images, and data used and/or collected on the ground.
An adequate cover made the tablet more rugged and transportable (Figure 3).

The positioning was carried out with Garmin Glo receivers (available for GPS and
GLONASS; update rate: 10 Hz; WAAS/EGNOS correction; accuracy: 3 metres; battery
life: 13 hours) linked to the tablet via Bluetooth [13].

For photograph acquisition, the tablet cameras and external digital cameras were
used.

.

rugged cover

stylus
GPS receiver

Figure 3: Tablet PC Windows Surface Pro7 with accessories: Garmin GPS receiver, input
pen/stylus, rugged cover with shoulder strap.

4, Software

The main GIS software used was QGIS (version 3.16) [14], which has been employed
for years in field research. This GIS software was chosen for its ease and widespread use,
as well as for the open-source approach that allows the customisation and creation of
new tools suited for field work [15,9]. Some plug-ins such as BeePen [16] were used to
write notes and draw with the stylus directly on the map, similar to the pen-on-paper
system [15].

QGIS is a professional, multi-platform Geographic Information System desktop ap-
plication, the official project of the Open Source Geospatial Foundation [17].

Another application used in this field work was QField for QGIS [18]. It is a free
software app released under the GNU Public License (GPL) and available for installation
on devices such as tablets and smartphones to collect data on the ground. The QGIS
QFieldSync plugin [18] allowed preparing and packaging the QGIS project and the asso-
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ciated database system into a much lighter “portable” project file that could be opened 130
and used in QField for QGIS. After the field work, the same plugin allowed synchronis- 131
ing the modification and updating of data with the database and the QGIS desktop pro- 132
ject file. 133

5. Database 134

A geographic relational database was developed to support the acquisition of land- 135
slide data in the field and their storage using tablet PCs, GPS, and open-source software. 136
The database was designed and implemented in the Geopackage format (Open Geospa- 137
tial Consortium). Geopackage is an open, standards-based, platform-independent, com- 138
pact native storage format using an SQLite database as container and the Geopackage 139
encoding standards defining the schema. Tables and fields in the Geopackage database 140
correspond to entities and attributes derived from the IFFI Project Italian landslide in- 141
ventory [4,5] and updated following the criteria adopted by the abovementioned Re- 142
START project. The entity—relationship schema of this database was fully developed 143
from scratch. 144

The database is named restart.gpkg and composed of spatial and non-spatial tables 145
with a series of lookup tables [19] storing fixed categorical and ordinal data values rep- 146

resenting classification standards of landslide-related information. 147
The database schema is synthetically shown in Figure 4 and is available with de- 148
tailed textual and graphic documentation in the Appendix A. 149
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Figure 4. The restart database entity-relationship (E-R) diagram representing core spatial tables in 151
green, non-spatial association and lookup tables in blue, with listed fields and relationships be- 152
tween tables. A detailed explanation of all the tables fields and codes, and a better view of the 153
schema are available in the Appendix A (Figure Al). 154

The attributes of the restart database tables are linked to the fields in a series of forms 155
designed for use within the QGIS graphic interface; they, in turn, constitute the graphic 156
interface with the restart.gpkg geographic database. The forms allow the surveyor to 157
quickly record the data, ensuring proper entry and integrity. 158
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The restart database is behind a GIS implemented with the QGIS software. The QGIS
file project contains the forms configured for enabling the field data acquisition and
storing it directly in the restart database. The form setting was based on the QGIS project
file layer relations, based, in turn, on the database table relationships. The detailed form
configuration and description of how they are used are also available in Appendix A.

6. QField for the field work

The restart database contains 91 tables. Many of these can store data obtained from
bibliographic sources or from the subsequent processing and analysis of data previously
acquired on the ground. As a result, there are too many entry forms for capturing data in
the field and their use may be deferred for further laboratory work.

By using the QFieldSync plugin installed in the QGIS Desktop main project, it was
possible to prepare and package the main QGIS project into a much lighter “portable”
project file for QField to ease the acquisition of data in the field. The QField package cre-
ated includes the project file and only the tables and features useful for field surveying
that may be copied and used on a land-data collection device (Figure 5). The new QField
project shows only the forms needed to collect the data observable in the field.

Figure 5. A survey area (bounded by the dashed green line) viewed in QField [18] with some fea-
tures mapped and saved into the restart database with their attributes: two landslides (of light or-
ange with red triangles), ten photographic shot points (marked by blue cameras), and other fea-
tures explained in the QField left panel displaying the legend of the map with the main layers of the
project.

After the digital survey in the field, the QField project package is copied from the
device to the desktop computer where the QFieldSync plugin allows for synchronisation
of the changes from the portable database tables to those in the main database.

The Chieti University survey group chose to work with the QField for QGIS version
1.X for Android on the Samsung Galaxy Tab Active Pro tablet as they assumed it was the
fastest way of collecting field data [20].

To use the QField project, they organised the export according to the guided proce-
dure from QGIS to QField, inserting the main layers/tables useful for data collection in
the field.

The only information layers used were Islide and photo, and all other information
useful for the population of the database was collected in the "digital field notebook".

The total compilation of the whole project, including the related database, was
conducted in a second phase on the PC using QGIS Desktop.
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7.1. Photo acquisition

The PHOTOGRAPHIC DOCUMENTATION form page was set up to facilitate the
rapid storage of the points representing the photographic shots taken in the field and of
the other form attributes simultaneously with the point digitisation (Figure 6).

/e 'o,;lf 3

/ 3.
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Figure 6. The four successive steps of photo acquisition simultaneous to the point digitisation: (a)
After opening the form page and activating editing, click the Add Point button; (b) The view shifts
to the map canvas and a target cursor appears (circled in red); (c) After clicking on the photo-
graphic shot point on the map, the view shifts again to the form view, allowing for loading the
photo file using the browse button and filling in the other attributes boxes; (d) After saving the
data, an oriented marker is displayed in the photographic shot point (circled in red).

By clicking on the top left Add point button, visible in Figure 6, the form disappears,
giving way to the map view. After digitising the new photographic shot point, the form
reappears to allow loading the previously saved photo’s files and filling in the other re-
quested parameters, such as the PHOTOGRAPHIC SHOT DIRECTION and the CAP-
TION. The LAT, LON, and REFERENCE SYSTEM field boxes, instead, will be automat-
ically compiled by the action of database triggers executed when data are saved.

A detailed description of the form setup and the associated table is available in the
Appendix B.

7.2. Other Data and Information

In addition to acquiring "structured” data in tabular form through the survey sheet
system illustrated above, customised with some plug-ins and other accessory programs,
this mobile system makes it possible to acquire and manage usage information for final
processing.

The BeePen plug-in allows drawing notes directly on the map on the screen (Figure
7). Some quick corrections were made to the landslide and outcrop limits available from
previous landslide cartography (IFFI, PAI, and regional geologic and geothematic car-
tography (CARG) [21] projects) or new acquisitions with indication/comment. These
simple lines were digitised to a proper level.

Another useful application is the Windows Journal, which can be freely down-
loaded and installed [22]. This app is used for field notes where text and sketches can be
kept. Moreover, pictures and drawings in the app can be imported. The handwriting text
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can also be converted into digital text. All files can be saved in pdf format and georefer- 226

enced by inserting them into a point layer of notes (Figure 8). 227
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Figure 7. BeePen plug-in (at the bottom) allows sketches and annotation on the map. 229
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230
Figure 8. Example of digital field notes using Windows Journal [22]. 231
8. Discussion 232

The need to create a survey that could be used by different geologists and managed 233
in a simple and reliable way in the field and to organise data and information for easy 234
import and synthesis into the ABDAC database led to the creation of a dedicated GIS 235
project. 236

The database structure complicated the challenge of including data and information, 237
as well as maps, images and photos, sketches, and sections, that were manageable both 238
on the ground and indoors and in the end would lead to a synthesis providing a means to 239
analyse and produce the required reports. The Geopackage format best responded to 240
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these needs because it was simple to use and allowed unifying data collected by different 241
users in one database. 242
To improve the ease of management of the GIS project in the field, several data and 243
information entry forms were created. Each of these windows had different characteris- 244
tics and often benefited from lists of terms and standardised classifications. 245
Collecting the data of each survey group in an overall project was a key point of this 246
project, and it was possible thanks to the QGIS project implemented and packaged ina 247
portable version for QField and to the platform-independent, portable, and compact 248
format of the Geopackage database that connected with the overall ABDAC database 249
structure. 250
In addition to the data and information structured in the database, it was possible to 251

use the tablet as a normal analogue campaign notebook in which to insert the observa- 252
tions that were useful for interpretations and processing but did not fit into the rigid 253
structure of the IFFI-ReSTART card. Using the stylus both directly on the cartography 254
("Pen-on-map" surveying system) and on the pages of an annotation sheet (Windows 255
Journal) maintained the traditional and proven surveying practices consolidated by 256
decades of field practice. 257
The integration of field data with those already available or obtainable in the lab 258
enabled creating a definitive database for PAI data that could be managed (and poten- 259
tially increased or adapted to other functions) or consulted at various administrative 260
levels (ABDAC, Regions, Provinces, Municipalities, professionals, and so on). 261
The accuracy of the GPS positioning was adequate. In fact, even if a cartographic 262
antenna was used with an accuracy of the metric order, the reference base maps equalled 263
those of the topographic map [6] at a scale of 1:10,000. At this scale (1 mm on the sheet 264
equalled 10 m on the ground) the accuracy and precision of these instruments were 265
largely sufficient. 266
The possibility of entering data into a GIS database directly in the field also reduced 267

the possibility of errors in the subsequent phases of indoor so-called “digitisation”, per- 268
haps by a different operator [23]. For this purpose, GIS skills are no longer the preroga- 269
tive of lab operators but also of field geologists. 270
271
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Appendix A 288

The database was implemented in accordance with the schema shown in Figure A1, 289
in which the tables named Islide, photo, extent, riskarea, anthropic and mitigation (green in 290
the figure) are spatial tables. Their geometry type is “polygon” except for the photo table, 291
the geometry type of which is the “point”. The other tables (blue in the figure) are 292
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non-spatial tables: 12 are association tables and 27 are lookup [19] or dictionary tables
(Figure Al).

The lookup tables store fixed categorical and ordinal data values representing clas-
sification standards of landslide-related information and are associated with the other
tables mainly by means of “one-to-zero, one or many” relationships (Figure A1).
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Figure Al. The restart database entity-relationship (E-R) diagram representing core spatial tables in green, non-spatial association and lookup tables 306
in blue, with listed fields and relationships between tables. The fields and the reasons for choosing the types of relationships between tables are il- 307
lustrated below. The symbols of the types of relationships are described in the legend. 308
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The Islide table stores only the information regarding the landslide bodies, already 309
censused or newly identified, and the polygon geometry representing both the landslide 310

detachment zone and the zone of accumulation (Figure A2). 311
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Figure A2. The Islide entity with fields representing data about landslide coding and labelling, po- 313
sition on the slope, activity, and eventual spatial relation with already censused landslides. For the 314
black line symbols see the Relationships legend in Figure Al. 315

The extent table is a spatial table storing a polygonal geometry representing the po- 316
tential enlargement of the landslide, which may coincide with the current one or be 317
mapped by the surveyor as larger than the landslide assuming its maximum expansion 318
area. This table is associated with the Islide table by means of a “one-to-one” relationship 319
(Figure A3) and is an intermediate table between the Islide table and hazard table, because 320
the latter contains the four hazard levels to be assigned to the landslide extent polygon 321
as required by the ReSTART project standards. The extent table is also associated with 322
the riskarea_extent table by means of “one-to-zero, one or many” relationship (Figure A3). 323
The riskarea_extent table is an intermediate table between the extent table and the riskarea 324
table. The latter stores the polygons of the risk areas possibly enclosed by the landslide 325
extension area. Each polygon of the extent table can enclose any, one or more risk areas. 326
A riskarea table polygon encloses the asset features already mapped in the official car- 327
tography. The lookup risk table provides the classes of risk to assign to each risk area. 328
The greater risk class between those assigned to the risk areas will be associated with 329
each polygon of the extent table. 330
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Figure A3. Relationships between the Islide table and the extent table, and between the latter and the 332
riskarea table through the riskarea_extent intermediate table. The red line symbols represent the type 333
of relationship as described in the legend. 334

The asset_riskarea table is another intermediate table between the riskarea on the one 335
hand and the damagetype, damagegrade, and asset tables on the other, allowing the associ- 336
ation of the types of assets involved in the landslide and the type and grade of damage 337
with the risk area enclosing the assets (Figure A4). In addition, the anthropic table is an 338
intermediate spatial table with the same role as the asset_riskarea (Figure A5). The latter 339
table stores data relative to assets already mapped in the risk areas; the anthropic table 340
instead allows the surveyor to map new polygons or linestrings representing asset fea- 341
tures not yet mapped, as well as to record the relative types of assets and the type and 342
grade of damage (Figure A5). In the damage_riskarea table, instead, it is possible to store 343
information on the different types of damage induced by landslides in each risk area and 344
the related costs (Figure A4). The spatial riskarea table is associated with this table by 345
means of a “one-to-one or many” relationship. 346
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Figure A4. Relationships between the riskarea table that stores the risk area polygons and all the 348
entities providing details about damage types, damage grades, assets and people affected by the 349
landslide. The asset_riskarea table allows for storing damages relative to assets already mapped in 350

the official cartography. For the red line symbols see the legend in Figure A3. 351
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Figure A5. Relationships between the riskarea table that stores the risk areas polygons and the en- 353
tities providing details about damage types, damage grades and assets not yet mapped. The new 354
linestrings or polygons representing new assets may be digitised and stored by the surveyor in the 355
anthropic table, which has an extra geometry type field compared to the asset_riskarea table. For the 356
red line symbols see the legend in Figure A3. 357
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The database can also store the information relative to the type of damage eventu- 358
ally induced by landslides to a river course by means of the “one to zero, one or many” 359
relationship between the Islide table and the river intermediate table (Figure A6), because 360
a landslide can affect or potentially affect one or more river course. The riverdamage 361
lookup table provides the list of damage types to assign to the river table (Figure A6). 362

river
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Figure A6. The relationship between the Islide table and the river table is “one-to-zero, one or 364
many”, because a landslide may not have affected any river course or may have affected one or 365
more river courses. For the red line symbols see the legend in Figure A3. 366

The photographic documentation is stored in the photo table associated with Islide 367
by means of “one-to-zero, one or many” relationship (Figure A7). Each individual land- 368
slide can be documented by one or more photographic images. In this table, geometry 369
type data and the point coordinates are also stored. 370
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Figure A7. “One-to-zero, one or many” relationship between the Islide table and the photo table. For 372
the red line symbols see the legend in Figure A3. 373
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The Islide table is the spatial table storing the polygonal geometry of the landslide 374
and containing a set of foreign keys pointing to lookup table attributes characterising 375
landslides regarding the classification of the kinematics, state, distribution, style, and 376
position on the slope (Figure A8). 377
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Figure A8. The Islide entity (the green entity) shows the LI, Llint, iffi fields for storing identification 379
codes of already censused landslides from other inventories that will eventually be overlayed by 380
the new landslide polygon. Below the field date, the other fields are foreign keys referencing lookup 381
tables (blue entities) providing landslide position relative to the slope (headslopeposld and toeslope- 382
posld for the landslide head and toe, respectively); landslide aspect (aspectid); type of landslide 383
movement (classificationld); state, distribution and style defining the landslide activity (stateld, dis- 384
tributionld, styleld, respectively). seismlislide is the field to be filled with true or false if the landslide is 385
earthquake-induced or not. seism is the field for the earthquake date value. For the red line symbols 386
see the legend in Figure A3. 387

The Islide table is associated with the gen and morpho tables by means of a 388
“one-to-one” relationship, and with the geo table by means of a “one-to-one or many” 389
relationship. In the gen table general information about the geographical and adminis- 390
trative location of each landslide is stored. In the morpho table, instead, the values of the 391
main morphometric parameters of each landslide can be registered (Figure A9). 392
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Figure A9. The gen table may store only one record of geographic and administrative location data 394
relative to one landslide (see the gen table fields below fid and Islideld): nattop, the main toponym; 395
municipality, province and region, the administrative units where the landslide occurs; authority, the 396
River Basin Authority; rcs, regional cartography reference; compiler, the surveyor name and inst, 397
their institutional affiliation; date, the date of the landslide survey. Similarly, a landslide may have 398
only one record of morphometric data (see the morpho table fields below fid and Islideld): the crown 399
and toe elevations; Ih, the horizontal length; I, the difference in height; slope, the slope angle; the 400
azimuth of landslide movement; the landslide total ares; w, width and vf, final volume of the dis- 401
placed mass; dr, the depth of the rupture surface. The relationship between the Islide table and the 402
geo table is “one-to-one or many” because a landslide may have displaced material from one or 403
more lithostratigraphic units (see the Figure A10 caption). For the red line symbols see the legend 404
in Figure A3. 405

393

One or more lithological and lithotechnical types (retrievable from the litho and 406
lithotec tables, respectively) and one or more lithostratigraphic units can be affected by 407
the same landslide; thus, one or more records of the geo child table can be associated 408
with one record of the Islide parent table. The attributes of the geo table are mainly for- 409
eign keys pointing to the primary keys of six lookup tables, allowing the association of 410
values of the compositional, physical, and mechanical characteristics with each geologi- 411
cal unit affected by the landslide (the lookup tables are litho, lithotec, structure, spacing, at- 412
titude, weathering; see Figure A10). 413
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Figure A10. Each record in the geo table represents the attributes of a single lithostratigraphic unit 415
affected by the landslide. The fields below fid are: dipdir, the dip direction values average of asetof 416
discontinuities; dip, the dip angle values average of the same set of discontinuities. The fields below 417
are the foreign keys referencing lookup tables that provide classification descriptors in accordance 418
with the International Society for Rock Mechanics Standards (ISRM) [24]. These describe the 419
structure of the rock mass and the nature of its discontinuities: structure of the rock (structureld), 420
mean distance between adjacent discontinuities (spacingld), bedding attitude (attitudeld), degree of 421
alteration (weatheringld). The other two foreign key fields are lithold, referencing the litho table; and 422
lithotecld, referencing the lithotec table. The stored values are in accordance with a classification 423
based on field criteria [24-26]. For the red line symbols see the legend in Figure A3. 424

The material Water_Islide table has three foreign keys referring to the primary keys of 425
the Islide table, the material table and the watercontent table. This table allows the associa- 426
tion of the material and the water content with a landslide by means of a "one-to-one or 427
many" relationship (Figure A11). 428
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Figure A11. The materialwater_lslide table intermediate between the landslide polygon table (Islide) 430
and the lookup tables material and watercontent containing classification values in accordance with 431
[27] and [28]. For the red line symbols see the legend in Figure A3. 432

The Islideld foreign key of the Islidemov intermediate table points to the primary key 433
of the Islide table establishing the “one-to-one or many” relationship from the Islide par- 434
ent table to the Islidemov child table, thus allowing the association of the types of move- 435
ment with a landslide. This is because one or more types of movement, retrievable from 436
the lookup table mov, can characterise a landslide, particularly if it is a complex one. The 437
Islidemov child table is associated with the mov parent table by means of a “one-to-one or 438
many” relationship (Figure A12). Identical relationships are established between the 439
Isliderate intermediate child table and the Islide parent table, and between the I[sliderate ta- 440
ble and rate parent table. One or more classes of the rate of movement of a landslide, re- 441
trievable from the lookup table rate, can characterise the different types of movement of 442
a complex landslide (Figure A12). 443
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Figure A12. Relationships between the landslide polygon table and the intermediate tables Isliderate 445
and Islidemov allowing for association of rate and type of movement whose values are in accord- 446
ance with [28]. For the red line symbols see the legend in Figure A3. 447

The Islide table is also associated with the Islidelanduse intermediate table by means 448
of a “one-to-one or many” relationship, because one or more land-use units can be af- 449
fected by the same landslide; thus, one or more records of the Islidelanduse table can cor- 450
respond to one record of the Islide parent table (Figure A13). Another foreign key in the 451
Islidelanduse table (landuseld) points to the primary key of the landuse lookup table and 452
stores the unique ‘id” of the land-use class involved in the landslide (Figure A13). 453
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Figure A13. Relationship between the landslide polygons of the Islide table and the Islidelanduse ta- 455
ble allowing for association of one or more land-use units affected by the landslide with the latter. 456
For the red line symbols see the legend in Figure A3. 457

The Islide table is also associated with the mitigation table by means of a 458
“one-to-zero, one or many” relationship (Figure A14). The mitigation table is an interme- 459
diate spatial table between the Islide table and the mmeasure. This table allows the sur- 460
veyor to use the mapping polygons or linestrings representing mitigation features not 461
mapped. The mmeasure parent table is a lookup table storing a list of mitigation methods 462
that can be associated with the landslides through the mitigation child table (Figure A14). 463
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Figure A14. The “one-to-zero, one or many” relationship between the Islide table and the mitigation 465
table can occur when there are one or more mitigation works for a landslide or none. For the red 466
line symbols see the legend in Figure A3. 467

The crosssection table stores any cross-section crossing the landslide body. The Islide 468
table is associated with this table by means of a “one-to-zero, one or many” relationship 469
because one or more representative cross-sections can be drawn for the investigated 470
landslide, or no cross-section may be available (Figure A15). The file field of the crosssec- 471
tion table stores the path and name of the file of the cross-section graphic representa- 472
tions. 473
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Figure A15. The “one-to-zero, one or many” relationship between the Islide table and the crosssec-
tion table. For the red line symbols, see the legend in Figure A3.

The surfacewater_Islide intermediate table shows the same relationship types as the
mitigation table, with the Islide table on the one hand and the surfacewater table on the
other (Figure A16). The table allows the surveyor to associate the surface water content
with the landslide.

Regarding the groundwater, the hydro table is an intermediate table that allows the
association of information about the absence or presence of springs and their type of
distribution retrieved from the spring table. The hydro table also allows the recording of
information on the type of aquifer (confined, unconfined), if present.
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Figure A16. Relationships between the Islide table and the intermediate tables allowing for associa-
tion of surface water types, springs, and types of aquifer values, if present, with a landslide area.
For the red line symbols see the legend in Figure A3.
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Last, a table named files stores textual descriptions and/or paths and names of files
containing a brief report on the landslide, the expected damages, and the existing and
proposed mitigation measures (Figure A17). The “one-to-one or many” relationship be-
tween the Islide table and the file table represents the need to store in the database at least
one report, albeit short, relating to the landslide observed.
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Figure A17. “One-to-one or many” relationship between the Islide table and the file table requiring
the recording of at least one report on the landslide investigated. For the red line symbols see the
legend in Figure A3.

Appendix B

One main form was configured for the purpose of expediting the acquisition of data
in the field and storing it directly in the restart database. The form is a multi-pages form
accessible through 11 tabs (Figure B1).
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LANDSLIDE POSITION ON SLOPE
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Figure B1. Multi-page data acquisition form accessible from the tabs visible at the top. Tab headers,
not all visible in this figure, are aliases of the main database tables. The tab headers are: 1. POSI-
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TION and ACTIVITY; 2. GENERAL INFORMATION; 3. MORPHOMETRY; 4. GEOLOGY; 5. 505
LANDUSE; 6. MOVEMENT; 7. MATERIAL and WATER; 8. HYDROGEOLOGY; 9. PHOTO- 506
GRAPHIC DOCUMENTATION; 10. REPRESENTATIVE CROSS-SECTION; 11. NOTES. The 507
background colour of each form page is the same as those adopted in the previous fig- 508
ures of the E-R diagram tables: green for the form pages linked to the spatial tables and 509
blue for the form pages linked to the non-spatial tables. The figure shows three-quarters 510
of the first form page named “POSITION and ACTIVITY”. The remaining part of the first 511
form page is visible in Figure B2. 512

The first form page named “POSITION and ACTIVITY” is used to record the land- 513
slide identification data and the main landslide attributes surveyed and recorded (Fig- 514
ure B1). 515

After digitising each landslide polygon, the form window opens and field boxes are 516
autocompleted. The “LABEL” field is automatically filled based on the autocompletion 517
rules coded in the database triggers. 518
The autocompletion of the label value depends on the eventual intersection of the digit- 519
ised polygon with one or more landslides already present in the PAI inventory and 520
pre-loaded as layers into the QGIS project file. In this case, the surveyor chooses the 521
pre-existing landslide label to change and deletes all others. Then, the autocompletion 522
rules store in the LABEL field the value composed of the label chosen and the surveyor’s 523
initials. In the event of digitising a new landslide polygon not intersecting with any 524
pre-existing one, the autocompletion rules store the label value composed of the local 525
administrative unit code, the surveyor's initials, and the progressive number. Thus, the 526

landslide label displays a new unique landslide identifier code. 527
The other identification data are represented by the field boxes: 528
e  “Name of the surveyor”, the field containing the surveyor’s name; 529
e  “Progressive number”, to be filled only in the event of digitising a new landslide 530

polygon not intersecting with any pre-existing one. Otherwise, it is left empty; 531

e  “IFFI”, the field automatically filled with the univocal landslide identifiers from the 532
national inventory (Inventory of Landslide Phenomena in Italy, IFFI) only when 533
digitising a new landslide polygon intersecting with one or more pre-existing [FFI 534

inventory landslide polygons pre-loaded into the QGIS project file as a layer; 535
e  “Other”, the field provided to store a label or identifying code of the landslide re- 536
ported in a scientific publication. 537

Scrolling down, fields describing the landslide slope position (relative to landslide head, 538
toe, and aspect), the activity (including landslide state, distribution, style) and the main 539
type of movement are completed, along with whether the landslide is earth- 540
quake-induced or not: 541
e “HEAD”, “TOE”, “Aspect”, “STATE”, “DISTRIBUTION”, “STYLE” and “CLASSI- 542
FICATION” are attributes whose values are selected from the respective 543
drop-down lists present in the form (Figures B1 and B2). The fields are linked to the 544
attributes of the database’s lookup tables (slopeposition, aspect, state, distribution, style, 545
classification) containing the codes of the geological/technical data representing the 546
descriptors of landslide position, movement, and activity following [28-30]; 547
e  “earthquake-induced”, the field storing a Boolean data type: the true value means 548
that the landslide is earthquake-induced, the false value that it is not. The default 549
value is set on false (Figure B2); 550
e  “earthquake date”, the field storing the value of the earthquake date time (Figure 551
B2). 552
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Figure B2. The remaining quarter of the first form page named “POSITION and ACTIVITY” from
Figure B1 with the other field boxes described in the text.

The second form page, named “GENERAL INFORMATION”, contains the attrib-
utes relative to the location of the landslide, the date of the inspection, and the survey-
or's name (Figure B3).

553

554
555

556
557
558


https://doi.org/10.20944/preprints202211.0461.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 November 2022

16 of 39

| kide - Feature Attributes
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* DATE
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Town
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Country

Cancel

Figure B3. The second form page named “GENERAL INFORMATION” showing the landslide
code on the left and the field boxes on the right storing the unique values attributed to that land-
slide.

The “MORPHOMETRY” form page is used to record the values of the landslide mor-
phometric parameters within the following fields (Figure B4):

e “CROWN ELEVATION”, the field storing the elevation of the non-displaced mate-
rial at the highest parts of the landslide main scarp expressed as metres above sea
level;

e “TOE ELEVATION”, the field storing the elevation of the lower margin of the dis-
placed material of a landslide expressed as metres above sea level;

e  “HORIZONTAL LENGTH”, the field storing the distance from crown to tip of the
landslide measured on the topographic map;

e  “HEIGHT”, the field storing the elevation difference between the highest point of
the crown and the lower point of the toe measured in metres;

e  “SLOPE”, the field storing the slope angle in degrees.
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575

Figure B4. The third form page named “"MORPHOMETRY” showing the field boxes filled with the 576
unique morphometric attribute values relative to the landslide, which is labelled by the code on the 577
left. 578

In the “GEOLOGY” form page the fields to be compiled hold the attributes of the geo 579
association table and of six lookup tables providing the list of compositional, physical, 580
and mechanical parameters associated with the geological units affected by the landslide 581
(Figure B5). The fields to be filled are: 582

e  “UNIT”, the field containing the lithostratigraphic unit extended name whose val- 583
ues are selected from a drop-down list provided by the lithostratigraphy lookup ta- 584

ble; 585
e  “UNIT NUMBER”, the field storing the numbering of the lithostratigraphic units 586
affected by the landslide, increasing from the head to the toe of the landslide; 587
e  “DESCRIPTION”, this field is used to record a short description of the outcropping 588
lithological unit; 589

e  The tag “Discontinuities” includes six fields relative to a series of parameters de- 590
scribing the attitude, structural, and mechanical characteristics of the involved 591

rocks, where observable: 592
1. “DIP DIRECTION”, the integer field storing the average of the immersion az- 593
imuth of a discontinuities set; 594
2. “DIP”, the integer field storing the average dip of the line of steepest inclina- 595
tion of the discontinuities set; 596

3. “STRUCTURE” and “DISCONTINUITIES ATTITUDE”, the attributes whose 597
values are selected from their respective drop-down lists. The fields are linked = 598
to the attributes of the database’s structure and attitude lookup tables. The 599
structure table contains the descriptor values of the main generic aspects of the 600
rock. The attitude table contains the different bedding-slope relationship types 601
[24]; 602
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4. “SPACING” stores the spacing of adjacent discontinuities defined in accord-
ance with the ISRM standards [24]. The class’s value is selected from a
drop-down list;

5. “WEATHERING” stores the weathering grade whose values express the de-
gree of alteration in accordance with the ISRM standards [24] and are selected
from a drop-down list.

Two last fields contribute to the complete description of the unit: “LITHOLOGY” and
“LITHOTECHNIC UNIT”, whose values are selected from their respective drop-down
lists. In this case, the fields are linked to the attributes in the database’s lookup tables
containing the descriptors of lithological and geological/technical units [3].

Ishide - Feature Attributes u
POSITION andd ACTIVITY GENERAL INFORMATION MORIMOMETRY GEOLOGY LANDUSE HOVEMENT MATERIAL ancd WATER HYDROGECLOGY PHOTOGHA
Genlogical unts
£ Expression =
Lagi Fm - post-evapoiti UNEY LINIT NUMBER {Increasing dowesione)
1
| DESCRIPTION

Arenaceous-peitic levels

Distostinuises
0P DIRECTION op =
! STRUCTURE SACING
DRSCONTINUETIES ATTITUDE WEATHERING
UTHOLOGY

UTHOTECHNIC UNIT

Canced

Figure B5. The fourth form page named “GEOLOGY” composed of three group boxes: one at the
top with the first three fields describing the geological units, in the middle with the tag “Disconti-
nuities”, and below the last two fields completing the description of the units.

The fields of the “LANDUSE” form page (Figure B6) are linked to the Islidelanduse table’s
fields unit, landuseld, cover%, and Islideld, which are displayed on the form page as:

e “Unit NUMBER” to enter the numbering of the land-use units affected by the land-
slide;

e “LANDUSE CLASS” to record the land-use class name whose value is chosen from
the drop-down list linked to the landuse lookup table containing the Corine Land
Cover land-use classification [31];

e “COVER %” to enter the percentage of the relative areas covered by the different
land-use unit types observed;

e  The “Landslide code” field is automatically filled owing to the relationship between
the Islide table and the Islidelanduse table by means of the Islideld foreign key field.
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Figure B6. The fifth form page named “LANDUSE” that allows storage of the characteristics of up
to three land-use units, the maximum number of land-use classes recordable based on the Re-
START project standards.

The “MOVEMENT” form page is composed of two internal sections: Movement and Rate
(Figure B7).

e The Movement section displays the field “TYPE OF MOVEMENT” corresponding to
the mov database table from which one or more types of landslide movement are
selected [27,28], especially in the event of a complex landslide (Figure B7). The
movement types from this field allow better specifying the type of movement with
respect to the value recorded in the above “CLASSIFICATION” field of the first
form page;

e  The Rate section consists of a field named “RATE” corresponding to the rate data-
base table. From this field a descriptor of the movement rate is selected from a
drop-down list based on the glossary used by [28] (Figure B?).
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645

Figure B7. The sixth form page named “MOVEMENT” split into two sections: on the left, the 646
Movement section for storing one or more types of movement retrievable from the drop-down 647
menu; on the right, the Rate section in which to store one or more rate classes also retrievable froma 648
drop-down menu. 649

Also in the “MATERIAL and WATER” form page are two internal fields displayed as 650
“MATERIAL” and “WATER CONTENT”, which are drop-down menus listing de- 651
scriptor values derived from [27,28] (Figure BS). 652

e “MATERIAL”, the field describing the type of material before involvement in the 653

landslide; 654
e “WATER CONTENT”, the field describing the moisture conditions of the material 655
before the occurrence of the landslide movement. 656

657
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Figure B8. The seventh form page named “MATERIAL and WATER” with the two drop-down 659
menus allowing selection of the type of material involved in the landslide and of the water content, 660
retrievable from the mov and watercontent tables, respectively. 661

The form page “HYDROGEOLOGY” allows storing information, if available, related to 662
the surface water and groundwater of the landslide area by means of two separate in- 663
ternal sections: Surface water and Springs and aquifer (Figure B9). Descriptor values are 664
selected from drop-down lists, then stored in the surfacewater_Islide and hydro association 665
tables, respectively. 666

e “CATEGORY” is a drop-down list linked to the surfacewater lookup table from 667
which to select a descriptor of the absence/presence and behaviour of the surface 668
water; 669

e  “SPRINGS” and “SPRING NUMBER” are drop-down menus from which to select 670
the option if springs are absent and the type of distribution, and the number of ex- 671

isting springs; 672
. “AQUIFER”, the field with a drop-down list to select and then store the type of ag- 673
uifer: confined or unconfined; 674

e  “AQUIFER DEPTH (m)”, the known or inferred aquifer depth below the landslide. 675
676
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Figure B9. The eighth form page named “HYDROGEOLOGY” vertically split into two sections: the
upper section in which to store a surface water category from the Category drop-down menu; the
lower section in which to store the four attributes relative to the presence, number, and distribution
of springs and types of aquifers, as described in the text.

The ninth form page (“PHOTOGRAPHIC DOCUMENTATION") is used to enter
the information regarding the images depicting the landslide features, the structures that
have suffered landslide-induced damages, and the adopted mitigation measures (Figure
B10). The data related to the images are stored in the “restart” database’s photo table.
This table is associated with the Islide table using a foreign key in accordance with
“one-to-many” relationships for which each landslide is associated with one or more
images (see Section 7.1).
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689

Figure B10. The ninth form page named “PHOTOGRAPHIC DOCUMENTATION” from which to 690
activate the point digitising mode by means of the top left Add point button and to load the images 691
relative to the investigated landslide by means of the top right browse button. 692

The photo table is a spatial table, and an Add point button on the form page allows digit- 693
ising a new geometry point representing the photographic shot point (the button with 694
the three points in Figure B10). Once the point is drawn, the attributes dialogue box 695
opens showing the LAT, LON, and REFERENCE SYSTEM fields, which will be filled by 696
the action of triggers executed when data are saved. The triggers are defined on the photo ~ 697
table and stored in the database as photo_coords_ins and photo_crs_ins. 698

Before saving, is necessary to: 699

e Load an image file with the Browse button aligned with “FILE NAME” from the 700
folder where the file was previously saved. This action stores the file name and path 701
in the photo table file corresponding field and displays the file name on the page. A 702
QGIS “Photo” widget is used, which allows the image to be previewed on the same 703
form page (Figure B10). The file field represented by the alias “FILE NAME" is con- 704

strained to unique, so duplicate entries are avoided; 705
e  Store in the “PHOTOGRAPHIC SHOT DIRECTION” field the azimuth of the pho- 706
tography direction. The field corresponds to the photo table’s direction field; 707
e  Compile the field “CAPTION” with a brief description of the image subject; 708

e  The “Landslide code” field is automatically filled by means of the relationship be- 709
tween the Islide table and the photo table. 710
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Islide - Feature Attributes

“REPRESENTATIVE CROSS-SECTION” is the form page allowing the loading and
storing of the images of one or more cross-sections relative to the selected landslide
(Figure B11).

e By means of the Browse button in the “FILE NAME” field, an image file may be
loaded from the folder where it was previously saved. The action stores the file
name and path in the crosssection table file field and displays the file name under
FILE NAME on the page. A QGIS “Attachment” widget is used, which allows the
image to be previewed on the same form page (Figure B11). The file field, alias
“FILE NAME”, is constrained to unique, so duplicate entries are avoided;

e The “Landslide code” field is automatically filled by means of the relationship be-
tween the Islide table and the crosssection table.

MOVEMENT MATERIAL and WATER HYDROGEQLOGY PHOTOGRAPHIC DOCUMENTATION REPRESENTATIVE CROSS-SECTION NOTES | ¢

Geologic-geomorphological crass-sectian

£ Expression
F-21-5467 svg

*  FILE NAME
E21:-3467.5v0

Landslide code

Cancel

Figure B11. The tenth form page named “REPRESENTATIVE CROSS-SECTION” for loading one
or more images of geological-geomorphological cross-sections by means of the top right Browse
button. Landslide code is automatically recorded.

The last form page is “NOTES”. It is composed of four tags allowing for storing different
types of reports: reports on expected damages, reports on executed and proposed miti-
gation measures, and landslide analysis reports (Figure B12).

Each tag is composed of:

e  “Registration date of the report”, a field for recording the report date in the data-
base;

e  “SUMMARY REPORT”, a multi-line field for recording a synthetic report of the an-
alysed landslide. In each tag, the summary report covers the topic in the header;

d0i:10.20944/preprints202211.0461.v1

711
712
713
714
715
716
717
718
719
720
721
722

723

724
725
726

727
728
729

730

731
732
733
734


https://doi.org/10.20944/preprints202211.0461.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 November 2022

25 of 39

e  “REPORT FILE”, a field for saving the report file name and path in the database
and creating a link to open it directly from the form.

Islide - Feature Attributes u
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Figure B12. The eleventh form page named “NOTES” and composed of four tags, each of which
stores one of the report types required by the ReSTART project, as indicated by the tag headers.
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