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ABSTRACT
The characterization of vernacular buildings is crucial for understanding the historical, social, and 
cultural significance of a community. These buildings reflect a collective memory and result from 
a long adaptation process to the local environment. Documenting them facilitates better decision- 
making regarding the preservation of their intrinsic values and long-term conservation. 
Unfortunately, depopulation processes in many areas threaten this invaluable heritage. 
Furthermore, this heritage is often overlooked due to a lack of awareness and appreciation by 
local authorities and residents. This paper presents a methodology for documenting and inven-
torying vernacular built heritage, with the main goal of contributing to promoting its valorization. 
The methodology integrates Information and Communication Technologies (ICT) with GIS tools to 
create large-scale inventories. Using the Montesinho Natural Park (Portugal) as a case study, the 
methodology facilitated the collection of data from over 2,000 buildings in 13 villages. The 
collected data was then used to characterize the vernacular built heritage of selected villages in 
terms of authenticity, conservation state, materials, construction systems, past interventions, 
present use, and occupancy. The findings of this study can serve as a valuable resource for 
developing inventories of vernacular buildings in rural areas, contributing to the protection of 
this distinctive architectural heritage.
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1. Introduction

The conservation of vernacular heritage in rural areas 
requires a thoughtful and holistic approach. The singu-
larity of this heritage rises from the interaction between 
the natural setting, culture, traditions, and identity of 
a specific region or community. The architecture result-
ing from this interaction is a testimony of a building 
typology that has developed over time in response to 
the local environment, climate, available resources, and 
the needs of the community. The knowledge to manage 
local resources was acquired by individuals through the 
iterative process of implementing and refining solutions 
over generations, which enabled them to overcome local 
limitations and develop customized solutions to meet 
their needs. This has facilitated the achievement of 
unique solutions that enhance environmental, social, 
and economic impact in different habitats (Fernandes  
2012; Kolejka and Nováková 2023; Sardaro et al. 2021).

Many rural communities have struggled to maintain 
and conserve their vernacular heritage. This challenge 
has become greater over the past decades due to the 
depopulation phenomenon observed in numerous vil-
lages, which is associated with the decline of primary 
sector activities in those regions (Lekakis and Dragouni  
2020; Ruiz Pulpón and Del Carmen Cañizares Ruiz 2020; 
Saxena et al. 2007). In situations where vernacular settle-
ments are not preserved and valued by the local popula-
tion, the built heritage is abandoned and neglected; in 
some other instances, a mischaracterization process 
occurs that favors modern architectural trends and 
industrial materials over traditional ones, leading to 
a progressive loss of local knowledge and skills 
(Fernandes 2012; Sardaro et al. 2021). This can be attrib-
uted to a widespread belief that vernacular constructions 
are inadequate for modern indoor comfort standards. 
Despite this, it has been identified that vernacular con-
structions hold considerable significance concerning 
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sustainability. Indeed, according to (Avcı and Beyhan  
2023; Homod et al. 2021), vernacular buildings can 
potentially guide contemporary architecture toward 
more sustainable practices by optimizing energy usage.

Overall, the conservation of vernacular architecture 
offers multiple advantages, playing an essential role in 
sustainable development and cultural preservation. By 
incorporating the intrinsic values of vernacular into 
contemporary architecture and urban planning, it is 
possible to create culturally rich and socially connected 
communities. However, for this conservation process to 
be successful, locals and other involved stakeholders 
must develop a comprehensive understanding and 
appreciation of the intrinsic values of this heritage.

Establishing the heritage values of vernacular archi-
tecture can pose a challenge due to the varying perspec-
tives and interests of the stakeholders involved in their 
definition (Güler and Kâhya 2019). Therefore, it is cru-
cial to gather comprehensive data and make it accessible 
to assist stakeholders in their decision-making process 
when establishing conservation policies for vernacular 
architecture.

In response to this need, the present work aims to 
introduce an inventory methodology that facilitate the 
screening of vernacular heritage in rural settlements 
susceptible to depopulation. This approach entails doc-
umenting different attributes of the built heritage 
regarding their materials, construction systems, type of 
use, abandonment, conservation level and type of inter-
ventions into an easily accessible diverse database. The 
methodology involves using Information and 
Communication Technologies (ICT) to collect data, 
which is then processed and stored in a GIS database 
to characterize the built environment of rural vernacular 
settlements. The methodology proposes the use of easily 
accessible tools, such as mobile phones and geomatics 
software, to catalogue and store information about 
a large number of buildings in vast rural heritage sites. 
The research hypothesis is that centralizing the infor-
mation from scattered data sources will enable a better 
interpretation of these rural heritage sites and help in 
the formulation of conservation strategies at a regional 
level. Thus, ultimately, the suggested methodology can 
offer valuable insights into the development of manage-
ment strategies and policies for the regeneration of this 
kind of settlement.

The Montesinho Natural Park (MNP), a vast natural 
region in the Portuguese territory with numerous ver-
nacular settlements in an advanced state of depopula-
tion, was here used as a pilot case study to test the 
implementation of the methodology. The analysis of 
the data collected during the process allowed for the 
characterization of the built heritage of a group of 13 

villages, totalizing around 2,000 buildings. Additionally, 
a comprehensive understanding of the distinct built 
environment was gained, and context-specific conclu-
sions regarding the current state of the vernacular archi-
tecture of the villages were drawn.

2. Documenting cultural heritage

2.1. The role of inventories

The process of inventorying culturally significant build-
ings aims to preserve a region’s architectural, cultural, 
and historical heritage of a region while also potentially 
contributing to a nation’s identity and memory. To 
safeguard their cultural identity, different countries 
have been developing extensive inventories to catalog 
and manage their heritage assets. To illustrate, there are 
over 1200 cultural assets in Switzerland inventoried as 
cultural properties of national significance (Swiss 
Federal Office of Culture 2023). The inventory is con-
tinuously updated and expanded, encompassing historic 
buildings, bridges, entire towns, and landscapes. The 
National Inventory of Architectural Heritage (NIAH) 
is a crucial entity in Ireland’s efforts to safeguard its 
architectural heritage (National Inventory of 
Architectural Heritage 2023). Among its primary func-
tions is to conduct surveys and inventories of properties 
with cultural significance, such as houses, castles, indus-
trial buildings, and vernacular architecture.

In the Portuguese context, in the 1960s, the national 
government financed a research project to value the 
local vernacular heritage. During the investigation, 
more than one hundred rural villages were surveyed. 
The findings were subsequently compiled in the pub-
lication “Arquitectura Popular em Portugal”, which 
includes descriptions, analyses, technical drawings, and 
photographs of the most representative vernacular 
buildings in each region of the Portuguese territory 
(Ordem dos Arquitetos 2004). This work has become 
an important reference in the study of Portuguese ver-
nacular architecture and has served as a basis for 
numerous specialized research investigations in this 
field.

Inventories of cultural heritage assets also provide 
comprehensive information documentation, making 
them a valuable resource with a wide range of potential 
uses. The data collected from the inventories has 
immense potential as an educational resource. It can 
encourage people to take a greater interest in the 
uniqueness of culturally significant properties in 
a more engaging and straightforward manner 
(Martínez-Graña et al. 2022). In the Spanish context, 
Del Espino Hidalgo, Carrera Díaz, and Delgado Méndez 
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(2022) state that an inventory can be used as an effective 
tool for valuing a region’s vernacular heritage, resulting 
not only a tool for protection but also a mean for 
improving social cohesion and community participa-
tion. Inventories can also aid in comprehending the 
historical context of a site. The insights they offer can 
be used as groundwork for planning ongoing investiga-
tions, given that they can supply valuable information 
efficiently (Versaci et al. 2022).

Overall, cultural heritage inventories may play 
a crucial role in understanding, preserving, and promot-
ing a nation’s cultural legacy by enabling people to 
appreciate the richness and significance of their heri-
tage. They can enrich the learning experience, foster 
responsible stewardship, contribute to knowledge gen-
eration, guide decision-making processes, and promote 
the formulation of sustainable management policies to 
ensure the conservation of cultural heritage for genera-
tions to come.

2.2. Digital survey techniques

Nowadays, there is a growing need to inventory cultural 
heritage to promote its conservation, but it is often 
time-consuming and laborious, especially when it 
must be performed in remote locations and over 
a considerable number of buildings. This has led 
researchers to develop methods for expediting the 
inventory process while collecting a large amount of 
data. In recent years, digital tools and advanced survey 
techniques have played a leading role in the character-
ization and inventory of cultural heritage. One of the 
methodologies employed to characterize vernacular 
architecture uses the automatic detection of buildings 
via public satellite and aerial imagery. Monna et al. 
(2021) applied a set of techniques based on machine 
learning on satellite imagery to document a vernacular 
village on Sumba Island, Indonesia. The process allowed 
them to identify more than 14,000 vernacular buildings 
and provided insight into their spatial distribution 
across the island. Wen et al. (2023) have integrated 
remote sensing images with Convolutional Neural 
Networks (CNN) to identify the location of vernacular 
buildings and determine the surface area of their roofs. 
A similar approach has been used by Arashpour, Ngo, 
and Li (2021) to automatically determine the physical 
characteristics of buildings, such as color and geometry.

Aerial photogrammetry and LiDAR are frequently 
employed for the purpose of surveying constructed 
large areas and evaluating the buildings’ materials and 
surrounding features (Ceccherini et al. 2023; Guo et al.  
2023). The versatility and capacity to record extremely 
accurate data have made this type of surveying 

increasingly prevalent among researchers and profes-
sionals in the field of architectural heritage (Erenoglu, 
Akcay, and Erenoglu 2017; Jeong et al. 2020). The pro-
duced 3D models can afford a detailed account of 
a surveyed site, such as the physical characteristics of 
its buildings and their quantity, making it an accessible 
tool for data collection through inventorying (Guo et al.  
2023; Xiao et al. 2023).

Besides the survey techniques mentioned above, ICT- 
enhanced methodologies can be implemented to obtain 
information regarding a heritage site, thereby expand-
ing the potential for conducting digital inventorying. 
This process has already been applied in other areas, 
such as biology or education, and can be adapted for 
documenting cultural properties (Dudas, Rundgren, 
and Lundegård 2023; Faure-Beaulieu and Attwood  
2022). When compared to traditional data acquisition 
methods such as note-taking and photography, ICT- 
enhanced can provide specific characteristics and attri-
butes that were eventually missing during the site cam-
paign, making them valuable for the office work stage 
(Yu Narkevich et al. 2021). In addition, it is important to 
note that the tools required for implementing ICT- 
enhanced methodologies are highly affordable, thus 
making the process widely accessible and even achiev-
able with personal smartphones.

Researchers in western Spain used a digital inventory 
and Google Earth to create an ICT-enhanced project 
(Martínez-Graña et al. 2022). They included various 
layers of information such as geologic features, vegeta-
tion, cultural traces, and visual aids like pictures and 
graphs to make the information more appealing and 
easy to understand. The dissemination of the gathered 
information is facilitated through a 3D virtual pathway 
that allows users to explore geo-sites and interpret them 
using real-time supplementary information.

In a similar manner, an effort was made in Italy to 
document the water mills situated in a central region of 
Sicily, with the objective of preserving their authentic 
attributes as part of the vernacular legacy of Piazza 
Armerina (Versaci et al. 2022). The lack of accurate 
and centralized information regarding the ancient 
mills prompted a thorough investigation into bibliogra-
phy, parish maps for inventory purposes, and on-site 
surveys. The methodology employed advanced image 
acquisition techniques to effectively fill in the gaps 
within the existing data. The outcome of the project 
led to the integration of a comprehensive database into 
the web platform of the Italian Government for the 
Ministry of Culture. This database contains all the col-
lected data and is freely accessible on the internet.

To sum up, the process of inventorying is essential 
for the conservation and documentation of the world’s 
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diverse cultural heritage, but poses difficult challenges. 
When addressing rural heritage sites that are wide-
spread through large areas, the utilization of conven-
tional on-site methods can lead to a process that 
requires a substantial amount of time and labor. The 
latest advancements in digital technologies and survey 
techniques, e.g., satellite and aerial imagery, enable 
researchers to collect vast amounts of data efficiently. 
These techniques have shown their effectiveness in 
characterizing and documenting cultural heritage sites. 
However, remote surveying techniques are still limited 
to provide general information, such as location, area 
and overall physical characteristics of buildings. The 
evaluation of essential aspects that characterize verna-
cular architecture, such as the physical condition of 
buildings, construction materials, construction detail-
ing, interventions, occupancy level requires more thor-
ough investigations that involve on-site inspections and 
even the engagement with local population. The pro-
posed methodology tries to address these challenges by 
using a mixed approach combining ICT-enhanced on- 
site investigations and GIS tools with data post- 
processing and analysis at the office. Through imple-
menting digital advancements, professionals and 
researchers can further enhance the understanding of 
cultural heritage, thereby safeguarding these invaluable 
assets for future generations and ensuring that shared 
heritage remains accessible and appreciated by all.

3. Methodology

In the scope of enhancing the value of the vernacular 
built heritage, an innovative documentation methodol-
ogy is presented in this work. This methodology makes 
use of digital tools and allows to create extensive inven-
tories of vernacular buildings in rural areas that are at 
risk of depopulation. It is important to highlight that the 
proposed methodology exclusively relies on visual 
assessment, resulting in the collection of data mainly 
related to the physical attributes of the vernacular build-
ings and their materials.

This methodology is designed to enable fast and 
extensive data collection during fieldwork by capturing 
videos and photos of the vernacular buildings, which are 
then registered after this process is complete. It also 
grants users the flexibility to define specific data para-
meters for analysis based on their individual needs. The 
lack of pre-established universal indexes enables a site- 
specific methodology for data analysis, taking into con-
sideration the distinctiveness of each site, as the nature 
of vernacular architecture and depopulated settlements 
may vary significantly from site to site. The data in this 
methodology is gathered through a detailed survey. The 

various sections of the proposed survey are defined at 
the beginning of the project, enabling users to create 
a methodical collection of data for each village, which 
can be utilised either individually or for comparative 
analysis between vernacular settlements.

The analysis of the data collected during the process 
is intended for the characterization of the built heritage. 
Additionally, a comprehensive understanding of the 
distinct built environment intends to be gained, and 
context-specific conclusions regarding the current state 
of conservation of the vernacular architecture can be 
drawn. The proposed methodology is based on 
a systematic approach and is summarised in Figure 1. 
Three phases comprise the development process: (1) 
Preliminary Work, (2) Fieldwork, and (3) Data 
Management.

This methodology was implemented in 13 selected 
villages within the Montesinho Natural Park (MNP), 
a vast region in the Portuguese territory with numerous 
vernacular settlements in an advanced state of depopu-
lation. It was used specifically to compare all surveyed 
villages in terms of quantity of vernacular buildings, 
architectural typologies, construction materials, current 
state of occupation, interventions and conservation 
level. It should be stressed that the presented methodol-
ogy can be applied and tailored to investigate the spe-
cific particularities of vernacular settlements in other 
geographical locations. The activities shown in the 
workflow from Figure 1 should not vary among differ-
ent contexts. However, the methods for collecting the 
data during the fieldwork in Phase II depends on the 
background study and definition of the objectives from 
Phase I. Similarly, in the event of integrating the pro-
posed methodology with other data recording methods, 
it will be necessary to modify the “Preliminary Work” in 
order to accomplish the objectives of the “Fieldwork” 
phase.

3.1. Phase I: preliminary work

The initial stage of the methodology comprises 
a preliminary understanding of the site and planning 
the data collection campaign. The methodology starts 
with a systematic review of literature on aspects 
related to the existing local vernacular architecture, 
including but not limited to history, cultural signifi-
cance, architectural styles, geography, economy, and 
construction systems, among others. This research 
activity is complemented by the review of physical 
and digital maps, old photographs, historical docu-
ments, and other available resources. Once the most 
significant elements of the study site are identified, the 
documentation objectives can be established. These 
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objectives will lead to the planning process and the 
definition of the collection method and necessary 
tools.

The planning process involves creating a detailed 
outline to develop the site visits considering various 
factors such as logistics, budgeting, timing, and identi-
fying specific locations or places to document. The data 
collection method to implement on-site is defined and 
discussed, being comprised of the following steps: (1) 
representation of the layout of the settlement’s buildings 
on a map, (2) codification of each building, (3) proposal 
of itineraries to follow on-site during the inventorying 
process, (4) definition of data collection tools, and (5) 
development of collection instruments such as check-
lists and documentation protocols for the data collec-
tion process.

Data collection tools are based on the use of digital 
equipment such as laptops, cell phones and digital cam-
eras to record and play videos and photographs, as well 
as specialized software to register, store and manage 
data. Software tools should be chosen to allow: (1) the 
digitization of the survey forms, (2) a fast, easy, and 
efficient registration of the data, and (3) its subsequent 
integration with a geographic information system (GIS).

Finally, to ensure an effective data collection process, 
it is advisable to conduct a pilot test before 

implementing the tools on a larger scale to test the 
process’s feasibility and reliability. This also facilitates 
the elaboration of checklists and documentation 
protocols.

3.2. Phase II: fieldwork

The second phase focuses on conducting detailed field-
work within the rural settlements. This process involves 
the documentation of vernacular buildings through 
photos and videos. Prior to documenting, it is recom-
mended to conduct a site inspection to determine key 
locations within the settlement, such as churches, 
squares, landmarks, rivers, roads, and other features. 
This is useful for orientation within the site and before 
starting the itineraries prepared in Phase I. However, 
these itineraries can be modified according to the con-
figuration of the site, but it is important to leave 
a written record of the new itinerary on a plan to have 
greater clarity when registering the data in phase III. It is 
recommended to pinpoint the location and route to be 
followed in each video on the map during the documen-
tation phase before proceeding with the recording of 
buildings. This will also aid in the data recording pro-
cess in Phase III. Additionally, it is important to high-
light any difference between the maps developed in 

Figure 1. Workflow diagram.
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Phase I and the present condition of the site. It is 
advisable to engage in interviews with locals as they 
can offer valuable insights into the historical context 
and cultural significance of buildings.

After the collection of data from the site, it can be 
stored and maintained in a cloud-based data storage 
system. This allows for its compilation and classification 
to enable online collaborative access.

3.3. Phase III: data processing

The last phase of the methodology is dedicated to post- 
site activities. The activity begins with data entry, where 
on-site videos and photographs captured during Phase 
II are examined and utilized to complete the survey 
form established in Phase I. The digitalized survey 
form is filled out using the software defined in Phase 
I for fast and efficient data registration. It is recom-
mended to correct the digital maps during this activity 
to accurately represent the current situation of the site. 
Registration of each building is done in accordance with 
the codes assigned during Phase I.

The registered data is stored in a GIS database for its 
processing. The GIS tool facilitates a comprehensive and 
accessible visual representation, which provides a spatial 
understanding of the common patterns and unique 
features identified within the site under study. Finally, 
the information obtained can be used to characterize the 

built environment. In a subsequent phase, the definition 
of a database is encouraged, thereby data can be disse-
minated to additional stakeholders, such as local autho-
rities, urban planners, and conservation organizations, 
to assist in the development of policies, strategies, and 
interventions that aim to preserve and revitalize verna-
cular buildings in depopulated settlements, as well as to 
provide information for future reference and research.

4. Survey of the vernacular built heritage of 
Montesinho Natural Park

The Montesinho Natural Park (MNP) is an extensive 
protected area spanning around 75,000 hectares 
located in the north of the municipalities of 
Bragança and Vinhais, in the north-eastern part of 
Portugal (Figure 2). It is renowned for its diverse 
natural environment, featuring schist and granite 
rock outcrops, plateaus, valleys, and a wide range 
of vegetation. With approximately 8,000 inhabitants 
and 88 villages (Da Alves and Da Silva 2012), the 
park reflects demographic patterns seen in other 
rural regions of southern Europe, including popula-
tion decline, an aging population, and a considerable 
number of individuals with limited educational back-
grounds (Silva, Sousa, and Albuquerque 2022). The 
park’s villages show a variety of architectural features 
that contribute to the cultural heritage, like bridges, 

Figure 2. Montesinho Natural Park location highlighting surveyed villages with some representative examples of their vernacular 
architecture.
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churches, community ovens and forges, and water 
mills. In general, vernacular dwellings in the region 
showcase an architectural style characterized by two- 
story buildings with contiguous side walls and 
facades without front setbacks. Ground-floor spaces 
were originally used to accommodate commercial 
activities and rural utensils.

These vernacular villages were predominantly 
built using local material such as schist and granite 
for walls, stairs, and even columns to support the 
balconies (Simões et al. 2019). Wood is another 
widely used material, found in openings lintels, 
floors, balconies and roof structures (usually shared 
between a group of houses), mostly covered with 
slate stone tiles, locally known as “lousa”. The con-
structive system was influenced by the locally avail-
able materials and the owner’s financial monetary 
resources (Vaz et al. 2013). Dry joint stone masonry 
was the predominant technique employed, though 
buildings constructed stone and lime mortar can 
also be found (Figure 3).

The arrival of industrialized materials and the 
decrease in traditional labour poses a threat to the 
vernacular architecture of the villages within the park. 
To understand the impact of the transformation process 
on the park’s vernacular settlements, the methodology 
proposed and presented in Section 3 (Figure 1) was 
implemented in the 13 villages highlighted in Figure 2. 
A detailed explanation of the proposed methodology’s 
application is presented in the following sections.

4.1. Preliminary survey work

The main objective of the survey work carried out at the 
MNP was to characterize the present situation of the built 
vernacular heritage of selected villages within the park. 
Preliminary research has led to the identification of 13 
villages that were considered the most adequate for doc-
umentation. They were selected based on their level of 
conservation, with a preference given to those that still 
have a significant number of vernacular buildings. The 
MNP villages are within the jurisdiction of Bragança and 
Vinhais municipalities. Bragança comprises the villages 
of Gimonde, Quintanilha, Guadramil, Rio de Onor, 
Labiados, Montesinho, Aveleda and Cova da Lua, 
whereas Moimenta, Montouto, Pinheiro Velho, 
Pinheiro Novo and Sandim are part of Vinhais. 
Following a preliminary visit to the park, the survey was 
structured to collect as much information as possible 
about the external configuration of the buildings. The 
identification of recurring patterns in the buildings 
made it feasible to narrow the data to be collected in 
the survey forms, in such a way that it could be filled as 
a checklist. This survey is divided into two parts: the first 
comprises basic information such as building ID, date, 
user, village name, and district; the second part contains 
more detailed data for the building characterization, such 
as the type of structural system, number of floors, open-
ings, walls and roof materials, type of use, current state of 
occupation, conservation level, architectural condition, 
and façade typology (Figure 4).

Figure 3. Representative architectural typology of vernacular houses from Rio de Onor village, in the Montesinho Natural Park, trás-os- 
montes region (Oliveira and Galhano 1992).
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In the evaluation of the structural systems, five 
options were taken into consideration. These include 
“Traditional masonry” for buildings constructed with 
granite or schist, “Mixed traditional” for buildings con-
sisting of traditional masonry and wood, “Modern and 
traditional” for masonry buildings with modern mate-
rial interventions, “Non-traditional” for buildings made 
with concrete or steel, and “Uncertain” for buildings 
where the structural system could not be identified 
through visual inspection. Similar criteria were 
employed to characterize openings, walls, and roofing 
materials, ranging from ‘traditional’ to ‘non-traditional’ 
classifications, and in certain cases, specifying the mate-
rial to achieve more detailed results.

The buildings were classified based on their intended 
use, which comprised ‘residential’, ’commercial’, ‘com-
munity’, ‘storage’, and ‘mixed-use’ categories. The occu-
pancy status was determined through the valuable 
insights gathered from the external characteristics of 
the construction. For the assessment of the conservation 
level, a guideline was elaborated. In this guideline, four 
levels of conservation were taken into consideration, 
which vary from “very good” to “bad”. The parameters 
used to determine the levels were based on the structural 
integrity of the walls and the state of conservation of the 
roofs and other components of the building. Finally, the 
architectural condition was assessed according to the 
presence of interventions. Four categories were defined 

to describe this parameter: (1) Unaltered vernacular 
buildings, (2) Vernacular buildings restored without 
dissonances, (3) Vernacular buildings restored with dis-
sonances, (4) Buildings with foreign influences.

The term “dissonance” refers to a lack of harmony or 
coherence between the different elements of the build-
ing. In the context of vernacular architecture, which is 
constructed using traditional building practices and 
locally available materials, dissonances may arise when 
there is an irregular variation in the structural systems 
or materials employed within a building. The most 
common dissonances found in the buildings within 
the park are illustrated in Figure 5.

After a careful evaluation, the Mergin Maps appli-
cation was selected as the data collection software 
(Dobias, Sab, and Petrik 2021). This application 
automatically captures and stores data in a database 
linked to an online account, allowing for convenient 
data exportation. The decision was reached after 
considering several factors, such as the user-friendly 
interface, compatibility across devices with different 
operative systems, the ability to engage multiple 
users simultaneously and the possibility of fast data 
entry. The GIS software selected was QGIS (QGIS 
Development Team 2021), which is free and open- 
source and integrates seamlessly with the Mergin 
Maps app. The process of digitizing the survey 
form was done using QGIS, and it was subsequently 

Figure 4. Applied survey form.
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integrated with the Mergin Maps application. The 
maps of the villages were produced using CAD soft-
ware, with only buildings and roads being 
represented.

The testing of the selected data acquisition tools, 
along with video and photo recording processes, 
resulted in the creation of guidelines to guarantee 
a uniform approach among the different researchers 
involved in the whole process.

4.2. Fieldwork

The initial phase of fieldwork for each village involved 
a preliminary reconnaissance. This made it possible to 
identify landmarks within the villages, which served as 
reference points during the recording process. The 
inspection method was applied, capturing videos 
throughout the entire process to gather information effi-
ciently, particularly because of the reduced time during 
the inspection and the limited or unavailable internet 

Figure 5. Examples of the main “dissonances” found in Montesinho Natural Park buildings.
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connectivity on site. The itineraries were followed accord-
ing to plan and documented on the map (Figure 6). While 
conducting the itineraries, all the buildings were meticu-
lously recorded in videos and photographs. Special atten-
tion was given to the building’s facades, roofs, 
architectural elements, and unique features. The total 
time dedicated to the inspection was six days.

Interviews were conducted with inhabitants encoun-
tered during the itinerary to gather important information 
about the village. This enabled the identification of signifi-
cant vernacular buildings that were essential to the func-
tioning of the villages in the past, such as water mills, 
forges, dovecotes, ovens, and others. After the data collec-
tion process was complete, the data was stored in a cloud- 
based storage system. It was structured in a manner that 
was both accessible and efficient for networking purposes.

4.3. Data processing

The data registration was done after fieldwork. During 
this phase, the videos and the photographs were 

carefully reviewed and all the data was registered in 
the Mergin maps app (Dobias, Sab, and Petrik 2021) 
(Figure 7). By employing this app, it was possible to 
obtain the precise geographical location of every build-
ing on a digital map. Since some of the buildings in this 
case study shared the roof structure, it was decided to 
use points instead of polygons at first, to identify the 
buildings in the app. The accuracy of the buildings’ 
geometry was adjusted after the site inspections. The 
obtained plans were integrated into QGIS (QGIS 
Development Team 2021) with the database created in 
the Mergin Maps app.

After the data was registered, it underwent 
a validation process to ensure that there were no errors, 
missing values, or inconsistencies. Finally, the data was 
analysed with the purpose of identifying patterns, 
trends, or insights that would allow to characterize the 
built environment of the MNP villages. The use of QGIS 
software enabled the visual presentation of results in 
maps. The most important results are presented and 
discussed in the following section.

Figure 6. Collection of information process.

Figure 7. Data processing steps: (a) organized data, (b) recorded points, (c) part of final database.
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5. Detailed analysis of processed data from 
MNP villages

Two thousand and six buildings distributed in thirteen 
villages of the Montesinho Natural Park (MNP) were 
surveyed using the proposed methodology. This meth-
odology made it possible to gather relevant information 
regarding the physical condition of the buildings, 
including construction materials (walls, roofs, and 
openings), structural system, level of conservation, 
architectural condition, interventions, and façade typol-
ogy. Additionally, it was feasible to assess a preliminary 
state of the occupancy level of the villages. By processing 
the raw data from the fieldwork campaign, the results 
have enabled to obtain an overview of the built heritage 
features of the villages in the Montesinho Natural Park 
(MNP). Ultimately, the results aim to provide a better 
understanding of the level of conservation of the verna-
cular heritage in the park to eventually support conser-
vation management strategies of the site at a regional 
level.

The present section discusses the results regarding 
the preservation of the vernacular characteristics of the 
rural built environment of the villages, with a focus on 
analyzing the main interventions observed and the con-
servation level.

5.1. Buildings classification evaluation

The MNP’s vernacular buildings consists mainly of 
rural dwellings and small buildings used to support 
agriculture and livestock activities. These construc-
tions are distinguished by their simple forms and 
the presence of stone staircases and wooden balco-
nies attached to the main façade. Stone, wood, and 
earth are the most employed construction materials. 
The walls and exterior staircases are constructed 
using stone masonry (granite or schist), whereas 
slate tiles are utilized for roof covering. The con-
struction of walls and staircases usually involved the 
use of dry-stone techniques, although, in some vil-
lages, lime mortar was used to bind the masonry. It 
is common for the stones to remain uncovered, 
although there are cases where a clay-based plaster 
has been employed. Timber is mostly used for 
floors, roofs, balconies and non-structural elements 
like doors, windows, and balustrades. In certain 
specific villages, the combination of earth and 
wood is utilized to construct the second floor, 
which is supported by stone walls and columns of 
the first floor.

The villages with the highest percentage of granite 
masonry buildings (58% to 78%) are Pinheiro Novo, 

Pinheiro Velho, Moimenta, and Montesinho, all of 
which are in the northern areas near Spain. Schist 
masonry walls, however, are primarily concentrated in 
Bragança, particularly in Rio de Onor, Aveleda, and 
Gimonde (57% to 72%). Sandim has the highest percen-
tage of constructions built with traditional masonry, 
approximately 78%, followed by Pinheiro Velho and 
Pinheiro Novo, all situated in Vinhais municipality.

To examine the vernacular elements of the MNP’s 
villages that persist, it was important to initially 
distinguish between the buildings with vernacular 
elements and the non-vernacular buildings. 
Considering the varying interpretations of 
a building’s vernacular character (Asquith and 
Vellinga 2005), the vernacular nature of the MNP 
buildings in this analysis was defined based on 
Oliver’s Encyclopedia of Vernacular Architecture 
(Oliver, 1997). Specifically, the criteria outlined in 
the chapter dedicated to the vernacular architecture 
of the “Minho and Trás-Os-Montes” regions were 
adopted. Within this context, vernacular buildings 
of the MNP are defined as those that remain unal-
tered or have undergone interventions with non- 
traditional materials, yet still retain elements of 
local character in their physical composition while 
maintaining physical components of a locally con-
struction tradition. The intention behind this is to 
set them apart from buildings that have a clear con-
temporary style and make use of a non-traditional 
structural system, such as reinforced concrete. The 
buildings with vernacular features were subsequently 
grouped into four categories based on how they keep 
their vernacular character: (1) unaltered, (2) restored 
without dissonances, (3) restored with dissonances, 
(4) influenced by foreign styles.

Figure 8 displays the results of the comparison between 
the number of buildings with vernacular elements and 
Non-Vernacular Buildings in each studied village. The 
results suggest that the villages near the city of Bragança 
show a large concentration of non-vernacular buildings. 
Specifically, Gimonde, Labiados, and Quintanilha exhibit 
more than 50% of non-vernacular buildings. The villages 
within the park’s interior and near the northern border 
with Spain presents higher percentages of buildings with 
vernacular features. In comparison to Bragança, the vil-
lages from the municipality of Vinhais have a greater 
percentage of vernacular constructions.

The villages of Pinheiro Novo, Pinheiro Velho and 
Guadramil are particularly noteworthy for their per-
centage of vernacular buildings. In these villages, there 
are more than 70% of buildings with vernacular fea-
tures, with over 20% of them remaining unaltered. 
Pinheiro Novo is the village with the largest number 
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of buildings with vernacular features (84%), 30% of 
which remain unaltered. Pinheiro Velho has 75% of 
buildings with vernacular features; 20% of these are 
unaltered vernacular buildings. Guadramil has the 
highest concentration of unaltered vernacular build-
ings of all inventoried villages (36%).

Both Moimenta and Montesinho are examples of vil-
lages where a substantial number of buildings have 
undergone significant interventions. Moimenta is notable 
for its vast array of buildings, totaling more than 300, of 
which 75% still maintain vernacular features. Out of the 
100 to 150 buildings in Montesinho, 80% keep vernacular 
characteristics. However, most of the buildings have been 
intervened and show significant dissonances (87%).

The inventorying revealed that only a few vernacular 
buildings had been restored without dissonances (no more 
than 2% in certain villages). These buildings were only 
found in villages with over 65% of vernacular buildings, 
like Montesinho, Rio de Onor, Montouto and Pinheiro 
Novo.

5.2. Characterization of past interventions

The implemented survey and inventory methodology 
allowed also to quantify and analyze the interventions 
carried out in vernacular buildings from the park’s 
villages. The most recurrent intervention is changing 
the roof materials, which was observed in 32% of the 
park’s intervened buildings (Figure 9). This interven-
tion is followed by changing the openings (windows 
and doors) using non-traditional materials, with 
a record of 20% of all interventions in the park’s 
selected villages. Roofs and openings are two construc-
tion elements very exposed to the environment, which 
contribute to its weathering. Moreover, the need to 
improve thermal efficiency and comfort can be con-
sidered a key factor behind the renovation of these 
elements, which are especially prone to weathering 
and therefore require frequent repair. From an eco-
nomic perspective, the intervention of these elements 
are considered to be the most beneficial as 

Figure 8. Building characterization in selected villages of the Montesinho Natural Park.

12 J. C. ARIAS TAPIERO ET AL.



a conservation measure to safeguard the physical 
integrity of the property. The addition of concrete 
elements, filling the masonry joints with cement- 
based mortar and volume reconstructions are inter-
ventions that account for similar percentages (13%, 
15%, and 16%). Some of these interventions can 
change the structural behavior of the dwellings, 
which contributes to the loss of the structural authen-
ticity of the intervened buildings and are generally 
implemented as part of a process of improving the 
comfort inside the houses. Finally, replacing the typi-
cal roof structure, including reconstruction of the 
gable walls or substitutions with concrete slabs, 
appears to be marginal (4%).

5.3. Characterization of conservation level

The data gathered also gives an actual overview of the 
conservation level of the buildings with vernacular fea-
tures in selected villages of the MNP (Figure 10). It should 
be noted that one of the study’s limitations is that the 
inspection was carried out from the exterior of the build-
ings, which hinders the evaluation of the state of conser-
vation. The establishment of the conservation level for 
each building was based on the following criteria:

● Very good: Buildings that are well-maintained and 
show no signs of decay. This category fits mostly 
refurbished buildings.

● Good: Buildings that show an aging process with-
out any sign of pathology. This category also 
includes those plastered buildings that may be 
unpainted, as long as the building doesn’t show 
any visible structural damage. Minor non- 

structural elements like windows, doors and wood 
elements from balconies can be damaged or 
missing.

● Medium: Buildings with an overall advanced state 
of aging and deterioration due to a lack of main-
tenance. These buildings display an advanced state 
of decay and long, visible cracks, but they are not in 
danger of collapsing. While the structural stability 
of these buildings remains uncompromised, non- 
structural elements such as wooden balconies, 
stairs, and openings are usually missing or heavily 
damaged. Buildings that have a representative area 
of the facades with a lack of plaster (>30%) are 
classified in this category, even if the missing plas-
ter is not due to aging processes.

● Bad: Buildings in an advanced state of decay. The 
damage ranges from partially collapsed buildings 
to completely ruined ones. Roof collapse is consid-
ered as well. These buildings usually present signs 
of abandonment.

The results show that certain villages have well- 
maintained buildings with vernacular features, with 
a combined total of more than 50% of these buildings 
classified as “good” and “very good”. Noteworthy is the 
case of Montesinho, with an 84%, followed by Cova da 
Lua (69%) Moimenta (65%) and Quintanilha (65%). 
The highest percentage of buildings with vernacular 
features rated as “very good” are found in Montesinho 
(58%), Rio de Onor (30%), Quintanilha (28%) and 
Moimenta (24%). All these villages lie along the MNP 
border with Spain.

However, there are some villages whose buildings 
with vernacular features are in an overall poor state of 
conservation, with a combined total of over 50% of these 

Figure 9. Distribution of the most recurrent architectural interventions in selected villages of the MNP.
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buildings classified as “bad” and “medium”. Sandim 
village is notable for its elevated percentage of vernacu-
lar buildings in poor conservation condition, with the 
categories “medium” and “bad” summing up to a total 
of 78% of all buildings. A similar situation is observed in 
Guadramil (68%), Gimonde (65%), Aveleda (58%) and 
Labiados (53%). Guadramil (61%) stands for the per-
centage of buildings in “medium” state of conservation, 
even though it only shows a small percentage of verna-
cular buildings classified as “bad” (7%). Gimonde 
(49%), Labiados (44%), Samdim (39%), Montouto 
(36%), Aveleda (35%) and Quintanilha (30%) also 
show a significant percentage of buildings in “medium” 
condition. Finally, Aveleda (23%), Pinheiro Velho 
(21%) and Pinheiro Novo (19%) reveal a significant 
proportion of vernacular buildings in a state of ruins 
(“bad” conservation level).

5.4. GIS database

The implementation of GIS facilitated the establishment 
of correlations between different data sets and enabled 

the representation of the results through maps. An 
example of correlated data is shown in Figure 11, 
where the architectural condition of the buildings is 
compared with their level of conservation for the vil-
lages of Pinheiro Novo and Guadramil. In the first 
instance, the mapping of vernacular buildings allows 
for a visual representation of the historical layout of 
the villages. Additionally, the representation of non- 
vernacular buildings can provide a visual representation 
of the village’s evolution in recent times. In order to 
expand upon this analysis, a comprehensive under-
standing of the state of conservation of the historical 
layout of the villages can be achieved by representing the 
level of conservation of the various buildings that com-
prise it.

The outcomes indicate that vernacular buildings in 
Pinheiro Novo are still mainly situated in the core of the 
historic center, with urban growth spreading outward 
from this center. Additionally, the historical center 
shows a mixed conservation level of buildings, with 
some being in a “good” conservation state and others 
in a “bad” conservation state. Despite this, the data 
indicates that the historic center is in an overall good 

Figure 10. Classification of the conservation level of the buildings with vernacular properties in selected villages.
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state of conservation. Meanwhile, the vernacular build-
ings located outside of this historical area are mostly in 
a “medium” state of conservation, in contrast to the 
non-vernacular buildings that present a “good” and 
“very good” level of conservation.

The results suggest that the urban layout of 
Guadramil has remained practically unchanged, as 
the newly established buildings have been erected 
over the location of a preexisting vernacular one. 
A distinct pattern is not evident in the distribution 
of the conservation level of the buildings, except for 
the classification of one side of the main street as 
being in a “good” level of conservation, and the 
vernacular buildings situated in the peripheries hav-
ing a “medium” level of conservation. Moreover, the 

findings suggest that the village’s vernacular build-
ings have been conserved moderately.

5.5. Village transformation and abandonment 
relation

Determining a benchmark among the complex layers of 
transformation may not be straightforward, as the 
buildings in the villages may have been influenced by 
different architectural periods and modern construction 
methods that have merged into homogenization. 
Therefore, it is proposed to analyze the level of trans-
formation of the villages by relating the Unaltered 
Vernacular Buildings (UVB) with buildings erected in 
typologies that are clearly outside this classification. 

Figure 11. Correlation between the architectural condition and the conservation level for Pinheiro Novo and Guadramil.
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Hence, a Village Transformation Index (VTI) is defined 
and used to quantify the level of transformation of 
a village. This index is calculated by determining the 
amount of non-vernacular buildings and transformed 
buildings in relation to the total number of buildings in 
the village, by using the following formula: 

VTI %ð Þ ¼
Non � Vernacular Buildingsþ Vernacular Buildings Restored

Total buildings
� 100% 

A second index, the Level of Abandonment (LoA) 
index, is also proposed to measure the level of abandon-
ment of the MNP villages. This is calculated by dividing 
the abandoned buildings by the total number of 
buildings: 

LoA %ð Þ ¼
Abandoned Buildings

Total Buildings
� 100% 

Figure 12 demonstrates a negative correlation between 
the Village Transformation Index (VTI) and the Level of 
Abandonment (LoA) among the 13 villages in the 
Montesinho Natural Park.

The results suggest that building interventions 
and new buildings may contribute to alleviating the 
condition of abandonment in vernacular settlements. 
This corresponds to expectations, as individuals who 
currently plan to occupy or intend to continue using 
the buildings, be it for brief or prolonged periods, 

express an elevated preference that mirrors contem-
porary needs. This heightened preference is evident 
in their desire for enhanced indoor thermal comfort, 
structural integrity, and an indication of social well- 
being. The cases of Guadramil and Pinheiro Novo 
are worth mentioning due to the similarity in their 
highest abandonment rates and lowest VTI percen-
tages. They also share comparable characteristics as 
both constitute villages with over 70% of the build-
ings with vernacular elements and have between 
100–150 buildings per village. There are also some 
notable traits that are worth highlighting among the 
villages of Rio de Onor, Pinheiro Velho, and 
Aveleda. Following Sandim village, Pinheiro Velho 
and Aveleda possess the largest quantity of buildings 
that have been categorized as “Bad” regarding their 
conservation level. Quintanilha and Cova da Lua, in 
contrast, display the highest VTI and are among the 
villages with the lowest number of buildings with 
vernacular elements classified as “Bad” in terms of 
conservation level (4–5%), as well as the lowest level 
of abandonment.

A comparison between the VTI and the Unaltered 
Vernacular Buildings reinforces the thesis that build-
ing interventions reduce abandonment rates at the 
cost of compromising the vernacular buildings’ 
authenticity (Figure 13). The transformation process, 
to some extent, can be explained by the distance of 
the villages from major administrative cities 

Figure 12. Correlation between the Village Transformation Index (VTI) and the abandonment of selected villages in the MNP.
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(Bragança and Vinhais) It is worth mentioning that 
the villages located on the northern border with Spain 
display a higher percentage of buildings with verna-
cular features (Section 5.1). To reduce commuting 
time, people tend to settle in villages near cities, 
which often results in the adaptation of buildings to 
improve habitability standards. From 
a socioeconomic perspective, those residing in villages 
close to urban areas and in search of better employ-
ment prospects may have the financial capability to 
construct larger, more comfortable buildings with 
improved thermal comfort that align with their life-
style. Socially, the idea that new and modern build-
ings continue to serve as a symbol of affluence and 
prosperity may persist as a driving force.

6. Final comments

A methodology for inventorying the built heritage of 
vernacular settlements was exposed. This methodology 
integrates different information and communication 
technologies (ICT) to produce a GIS-based database. 
The methodology is relatively straightforward, requiring 
minimal technological capital and skill investment for 
a task that yields preliminary findings from extensive 
data and large-scale area. It is a flexible tool that allows 
integration with other data recording methods, so it 

could be adapted to incorporate, for instance, photo-
grammetric surveys and deep learning algorithms.

This methodology made it possible to inventory 
more than 2,000 buildings distributed in 13 villages of 
the Montesinho Natural Park. With over 20,000 entries 
recorded, it provided a general assessment of the current 
state of the park’s buildings in terms of conservation 
level, use, abandonment, materiality, construction sys-
tems, interventions, and authenticity. It should be noted 
that one of the study’s limitations is that the inspection 
was conducted solely from the exterior of the buildings, 
which hinders the evaluation of the state of conservation 
and the occupancy status. In some cases, whether 
a building is occupied over the long term, short term, 
seasonally, or even abandoned is unclear. Furthermore, 
the structural system of the buildings cannot be easily 
identified, especially when it is covered with plastering 
materials (i.e., cement). These aspects require a more 
thorough investigation.

The findings indicate that a significant number of 
the MNP villages under investigation are threatened 
by an ongoing process of losing their architectural 
authenticity. Consequently, this results in the loss of 
both the material and the intangible values of the 
place, related to traditional construction skills and 
craftsmanship. Although most villages keep a high 
percentage of buildings with vernacular properties, 
the vast majority of these buildings, present 

Figure 13. Village transformation index (%) versus unaltered vernacular buildings.
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interventions with dissonances. This condition leads 
to a loss of the heritage values of the villages, as well 
as their authenticity and integrity. However, there 
are still villages that keep a significant percentage 
of unaltered vernacular buildings, like Pinheiro 
Novo, Pinheiro Velho, Guadramil and Rio de Onor. 
While the vast majority of the MNP buildings pre-
serve their original residential functionality, 
a significant number of them now serve as temporary 
residences, specially during the summer or holiday 
periods. Conservation strategies thus needs to 
address the complex issue of how to improve verna-
cular settlements, creating better living conditions 
while preserving the architectural authenticity and 
heritage values.

Characterizing vernacular buildings is a complex and 
interdisciplinary process, and collaborating with experts, 
local communities, and relevant authorities is often ben-
eficial to ensure a comprehensive and well-informed 
analysis of the village’s built heritage. The proposed three- 
phase methodology aspires to contribute to providing an 
effective framework for assessing the loss of authenticity 
in vernacular architecture at a regional level. The results 
of this study can serve as a valuable resource to elaborate 
inventories of vernacular buildings in rural settlements 
prone to depopulation. Eventually, the data analysis can 
help to make informed decisions for safeguarding their 
unique architectural legacy.
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