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Abstract. This article analyses the transformative potential of digitalisation and geo-
graphic technologies in advancing Other Effective Area-Based Conservation Measures 
(OECMs) through a comparative analysis between Mexico and Italy. The research 
addresses the gap identified in the literature regarding the practical application of dig-
ital tools for recognising and managing OECMs in various geographical and institu-
tional contexts. Specific objectives include: (1) assessing how geographic technologies 
support the identification of potential OECMs; (2) analysing differences in national 
approaches to OECM recognition; (3) identifying opportunities and challenges in 
integrating digital tools with participatory governance.
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Riassunto. Questo articolo analizza il potenziale trasformativo della digitalizzazione e 
delle tecnologie geografiche nell’avanzamento delle Other Effective Area-Based Con-
servation Measures (OECM) attraverso un’analisi comparativa tra Messico e Italia. La 
ricerca affronta la lacuna identificata nella letteratura riguardo l’applicazione pratica di 
strumenti digitali per il riconoscimento e la gestione delle OECM in contesti geografici 
e istituzionali diversi. Gli obiettivi specifici includono: (1) valutare come le tecnologie 
geografiche supportino l’identificazione di potenziali OECM; (2) analizzare le differen-
ze negli approcci nazionali al riconoscimento OECM; (3) identificare opportunità e 
sfide nell’integrazione di strumenti digitali con governance partecipativa.
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1. Introduction. Digitisation, Geographical 
Technologies, and OECMs: A New Frontier in 
Conservation

The conservation science field is experiencing a digi-
tal revolution that is fundamentally transforming envi-
ronmental stewardship practices (Jouan, Hallot 2020). 
The emergence of digitisation and geographical tech-
nologies has provided unprecedented capabilities in data 
collection, analysis, and application for conservation 
efforts (Adams 2020; Casagrande et al. 2018). Within 
this context, the “Other Effective Area-Based Conserva-
tion Measures” (OECMs), distinct yet complementary 
to traditional Protected Areas (PAs), have gained signifi-
cant traction as a response to global ecological degrada-
tion, offering diverse governance types and management 
approaches (Negret et al. 2024).

OECMs represent areas where biodiversity conser-
vation results from sustainable management practices 
rather than being the primary objective, encompassing 
Indigenous territories, private lands, and restricted zones 
where ecological preservation is achieved as a second-
ary outcome. This flexible approach supports biodiver-
sity and socioeconomic values (Rodríguez-Rodríguez, 
Martínez-Vega 2022). Their growing prominence reflects 
the need for more inclusive conservation strategies 
(Alves-Pinto et al. 2021). Following their contribution to 
the Aichi Biodiversity Targets, OECMs are now aligned 
with the Kunming-Montreal Global Biodiversity Frame-
work adopted at COP15 in 2022, aiming to conserve 
thirty percent of global land and marine areas by 2030 
(Schröter et al. 2023).

Despite growing global interest in OECMs, a signifi-
cant gap remains in research on the practical application 
of digital technologies for their recognition and manage-
ment, particularly in contexts characterised by differ-
ent governance models. Recent studies have primarily 
focused on the theoretical and regulatory frameworks of 
OECMs (Jonas et al., 2024; Cook 2024), while empirical 
analysis of the integration between digital tools and par-
ticipatory governance remains limited. Furthermore, the 
existing literature has not adequately analysed regional 
specificities in the implementation of OECMs, tending 
towards universalistic approaches that give little consid-
eration to differences in institutional systems, conserva-
tive traditions and technological capabilities.

The integration of digitisation and geographical 
technologies marks a significant paradigm shift. Geog-
raphy’s unique position in bridging natural and social 
sciences provides essential insights for addressing sus-
tainability challenges, particularly in analysing spa-
tial dynamics and human-environmental interactions 

underlying sustainable development goals (Fu 2020). 
GIS (Nowak et al. 2020), remote sensing technologies 
(Radočaj et al. 2020), and conservation technology are 
enhancing OECM value through refined spatial plan-
ning, real-time monitoring, and adaptive management 
practices (Fujihira 2023), offering enhanced capabilities 
to map, measure, and maximize their impact. The digital 
age presents immense opportunities to align conserva-
tion science with technological advancements and sus-
tainable development goals.

This research aims to address three specific objec-
tives: first, to assess how GIS, remote sensing, and citi-
zen science concretely support the identification of areas 
with OECM potential; second, to comparatively analyse 
Mexico’s and Italy’s approaches to OECM recognition, 
highlighting how different institutional contexts influ-
ence technological implementation; third, to identify 
opportunities and limitations in integrating digital tools 
with participatory governance models characteristic of 
OECMs. The paper is structured as follows: Section 2 
provides the conceptual framework for OECMs; Sec-
tion 3 examines the role of geographic technologies; Sec-
tions 4 and 5 present the comparative analysis between 
Mexico and Italy; Section 6 discusses implications for 
research and practice.

2. OECMs: Concept, policy context and distinctions

OECMs are a recent but increasingly significant 
concept within international conservation policy (Cook 
2024). The Convention on Biological Diversity (CBD) 
defined them in 2018 as “a geographically defined area 
other than a Protected Area, which is governed and 
managed in ways that achieve positive and sustained 
long-term outcomes for the in-situ conservation of bio-
diversity, with associated ecosystem functions and ser-
vices and where applicable, cultural, spiritual, socio-
economic, and other locally relevant values” (Convention 
on Biological Diversity 2018). OECMs broaden the scope 
of conservation beyond traditional protected areas, rec-
ognising the contributions of private lands, Indigenous 
territories, and community-conserved areas (Fitzsimons 
et al. 2024). Since this definition was adopted recently, 
many countries have yet to submit data to the World 
Database on OECMs. However, as stated on the database 
website, this absence of data does not imply a lack of 
OECMs within those countries. Often, OECMs are pre-
existing areas that have not traditionally been acknowl-
edged for their conservation value, including places like 
Sacred Natural Sites and certain military zones (UNEP-
WCMC 2024).
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The policy context for OECMs has evolved through 
various international agreements and targets. The 
inclusion of OECMs in Aichi Biodiversity Target 11 
was pivotal in galvanising global recognition, calling 
for conserving at least seventeen per cent of terrestrial 
and inland water areas and ten per cent of coastal and 
marine areas through effectively managed systems by 
2020 (Donald et al. 2019; MacKinnon et al. 2020a). With 
the adoption of the Kunming-Montreal Global Biodiver-
sity Framework at COP15 in 2022, OECMs are expected 
to play an even more significant role in global conserva-
tion efforts, targeting thirty per cent of global land and 
marine areas by 2030 (Schröter et al. 2023; China Coun-
cil for International Cooperation on Environment and 
Development Secretariat 2023). Adapting protected area 
management strategies to address both direct and indi-
rect impacts of climate change is critical to ensuring 
the long-term conservation of biodiversity and ecosys-
tem services. This necessity underscores the importance 
of integrating OECMs into conservation frameworks 
(Ranius et al. 2023). However, for OECMs to be effective, 
they must be recognised and supported within national 
and international policy contexts (Dudley et al. 2018).

Understanding the distinctions between PAs and 
OECMs is crucial in global conservation (Fig. 1). PAs are 
primarily designed for biodiversity preservation, while 
OECMs represent areas where sustainable management 
practices lead to biodiversity conservation as a second-
ary outcome (Mitchell et al. 2018). Recent findings indi-
cate that OECMs can significantly support biodiversity 
conservation and recovery across both landscape and 
marine environments, enhancing habitat connectivi-
ty and offering flexible governance models (Beazley et 
al. 2021; Petza et al. 2024). As IUCN defines, PAs are 
delineated geographical spaces managed for long-term 
conservation of nature (Lauche 2011). OECMs are recog-
nised for their effective contributions to biodiversity con-
servation in areas not designated as protected, includ-
ing territories governed by Indigenous peoples and local 
communities. While PAs typically fall under national 
jurisdiction, OECMs may be governed by more diverse 
entities, including NGOs and private entities, with more 
f lexible governance integrating customary practices 
(Lewis et al. 2023).

The objectives of PAs focus on biodiversity conser-
vation, while OECMs may have broader primary objec-

Figure 1. The relationship between OECMs and Protected Areas. Source: IUCN-WCPA Task Force on OECMs (2019). Note: sizes of seg-
ments are illustrative only and not based on actual data.
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tives, including cultural traditions and local economies 
(Bailey et al. 2022). PAs receive international recogni-
tion through the World Database on Protected Areas 
(WDPA), providing a comprehensive record for con-
servation reporting and planning. OECMs are identi-
fied based on their contribution to effective area-based 
conservation and reported differently, often through 
national mechanisms to the CBD (IUCN-WCPA Task 
Force on OECMs 2019). PAs and OECMs face challenges 
in governance but enable tailored management strategies 
and broader stakeholder engagement (MacKinnon et al. 
2020b), forming a complementary mosaic of conserva-
tion efforts integral to addressing the biodiversity crisis 
and achieving global sustainability goals. 

Another essential feature of OECMs is their capac-
ity to enhance ecological connectivity, ensure species 
movement, and sustain ecosystems. They must address 
all dimensions of geographical space – length, width, 
and depth – especially in marine environments, where 
vertical zoning can undermine conservation. Effective 
OECMs require clear boundaries that integrate with sur-
rounding areas while anticipating environmental chang-
es. Figure 2 illustrates the multidimensional approach 

required for effective OECMs, emphasizing the integra-
tion of spatial boundaries and ecological connectivity, 
resulting in networks of protected and conserved areas. 
Furthermore, they must respect the rights of Indigenous 
peoples and local communities, ensuring no involuntary 
displacement and adhering to Free, Prior, and Informed 
Consent (FPIC), and governance must support in situ 
conservation, long-term biodiversity protection, and 
equity (Jonas et al. 2024). 

2.1. Research Advances and Challenges in Latin America 
and Europe

The emerging literature on OECMs in Latin Amer-
ica highlights the importance of Indigenous territories 
and areas managed by local communities. Recent stud-
ies have identified the potential of indigenous reserves in 
Colombia, which comprise 32 million hectares, including 
at least 21 million hectares of forests, recognised through 
“planes de vida” (life plans) that integrate traditional 
approaches to land management (Jonas et al. 2017). In 
Brazil, attention has focused on how community-man-

Figure 2. Typologies of potential OECM and PA. Source: Jonas et al. (2024). Note: Potential OECM (1, 3, 4, 6, 7, 8, 10), PA (2, 5, 9).
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aged protected areas (ICCAs) can qualify as OECMs, 
with over 499 areas already registered in the global data-
base, representing more than a third of the worldwide 
total (Jonas et al., 2017). However, significant challenges 
arise in balancing conservation and land rights, particu-
larly in contexts where extractive pressure and violence 
against environmental defenders are prevalent. 

In Europe, research on OECMs has highlighted sig-
nificant disparities between Member States in the inter-
pretation and implementation of the concept. The Euro-
pean Environment Agency has commissioned a specific 
study to assess the potential of OECMs as drivers for 
landscape-level conservation in the EU, with examples 
identified in Spain and Finland (European Environ-
ment Agency, 2022). OECMs remain relatively unknown 
in European policy development and implementation, 
highlighting the urgent need to guide Member States 
on which measures to prioritise in their National Action 
Plans. However, challenges remain in standardising 
assessment criteria and integrating them with existing 
EU policies.

These regional experiences highlight the need for 
innovative approaches to support OECM identification 
and management, particularly through the integration of 
digital technologies and geographic tools, as explored in 
the following section.

3. Digital Technologies and Geospatial Innovation: 
A Framework for Potential OECMs Recognition and 
Management

The trajectory of ecological research has been pro-
foundly influenced by digital technology (Domínguez 
et al. 2022). Early conservation efforts relied on manual 
data collection and analysis, leading to delays and less 
accurate insights. The digitisation movement began as a 
quest to enhance data precision and accessibility, evolv-
ing into a diverse suite of tools that transform raw data 
into actionable conservation intelligence (Bakker et al. 
2020). Modern conservation uses digital tools to stream-
line data acquisition, storage, and analysis. Emerging 
technologies such as biologging and sensor networks 
enable conservationists to gather comprehensive data 
with minimal wildlife disturbance (Lahoz-Monfort, 
Magrath 2021). The application of GIS and remote sens-
ing technologies advances data precision while enabling 
critical decision-making (De Marchi et al. 2021), laying 
the foundation for identifying areas suitable for OECMs 
recognition.

The application of geographical technologies repre-
sents a nexus of spatial science and ecological manage-

ment. GIS, remote sensing, and spatial analysis methods 
are invaluable for identifying and assessing potential 
OECMs. These tools offer insights into habitat connec-
tivity and biodiversity representation within protected 
area networks (Agnesi et al. 2020). GIS excels in organ-
ising, analysing, and visualising spatial data, incorpo-
rating remote sensing and satellite technologies critical 
for monitoring potential OECMs (Shabtay et al. 2019). 
Once exclusive to military and research institutions, 
high-resolution satellite imagery and aerial photography 
are now widely accessible, enabling cost-effective moni-
toring of habitat fragmentation, climate-related changes, 
and unauthorised activities (Dalton et al. 2022). Spatial 
analysis facilitates multiple tasks in OECM identification 
and assessment. This is crucial for several conservation-
related tasks (Magdalena, Amorim 2022) and evaluating 
ecosystem services and development project impacts (Di 
Minin et al. 2022). These technologies empower stake-
holders with data-driven decision-making capabilities 
while incorporating Indigenous and local knowledge 
systems into the assessment process (Garnett et al. 2018).

Recent discussions emphasise the need to align 
technological advancements with societal needs, reflect-
ing how tools like GIS not only advance science but also 
promote community engagement in conservation efforts 
(Capineri 2023). Mobile technology and citizen science 
platforms ensure broad coverage and community par-
ticipation in OECM identification (Fraisl et al. 2022). 
Community-based monitoring enhances conservation 
through inclusive governance and localised management 
(Danielsen et al. 2022), aligning with the OECM concept 
by promoting biodiversity conservation outside formal 
PAs. Digital platforms designed for citizen science dem-
onstrate technology’s impact on OECM identification. 
Platforms like eBird allow bird enthusiasts to record 
observations contributing to global species distribution 
models, iNaturalist enables community-driven species 
documentation, and the Global Biodiversity Information 
Facility is an open-data infrastructure fostering collabo-
rative research across borders. Mobile applications ena-
ble the rapid collection and upload of field data, while 
cloud-based platforms aggregate and examine datasets 
from various sources. Digital mapping tools refine spa-
tial analysis and habitat modelling, enabling conserva-
tionists to visualise environmental data more precisely 
(Jackson et al. 2020).

Real-world applications demonstrate these technolo-
gies’ transformative potential. In the Brazilian Amazon, 
indigenous groups use drones to capture real-time, high-
resolution images, providing evidence of unauthorised 
deforestation, improving enforcement, and reducing 
illegal incursions in areas that could qualify as OECMs 
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(Custodio, Abeledo 2023; González, Kröger 2022; Peraz-
zoni, Painho 2020). Drones and geographical technolo-
gies have been recognised as key drivers for agroeco-
logical transitions and conservation efforts, empower-
ing local communities through participatory mapping, 
precise monitoring, and data sovereignty initiatives (De 
Marchi et al. 2022). Recent studies highlight the trans-
formative role of drones in participatory processes and 
environmental justice (De Marchi, Pappalardo 2023). 
Additionally, machine learning algorithms applied to 
acoustic data enable continuous wildlife observation 
without physical presence, providing new possibilities 
for identifying areas with high conservation value. These 
cases illustrate how digitisation bolsters conservation 
while empowering communities and enhancing OECM 
initiatives’ scalability (Nieto-Mora et al. 2023).

However, digital technologies present significant 
limitations in OECM implementation, including digital 
divides that exclude rural and indigenous communities, 
standardization requirements that conf lict with f lex-
ible governance models, data sovereignty concerns when 
communities share sensitive territorial information, and 
technological dependencies that may weaken traditional 
knowledge systems and create unsustainable financial 
burdens for resource-limited communities.

In other words, geographical technologies address 
two key challenges in potential OECM recognition: 
ecological connectivity and representativeness. GIS and 
connectivity modelling identify wildlife corridors and 
landscape transformations in space and time (Azzari et 

al. 2021; Kondratenko et al. 2023), while remote sensing 
ensures diverse ecosystem representation within global 
conservation portfolios (Wang et al. 2023). Adaptive 
management, supported by real-time monitoring and 
scenario analysis, allows potential OECM conservation 
strategies to evolve with shifting ecological, social, and 
economic conditions (Dalton et al. 2021). These technol-
ogies enable comprehensive data collection by converg-
ing digital tools and participatory approaches, foster-
ing collaboration between technical expertise and local 
knowledge systems. This integration (Fig. 3) exemplifies 
how modern technology enhances OECM identification 
and management, supporting scientific rigour and inclu-
sive community participation (Hoffmann 2022).

4. Comparing Conservation Pathways: Mexico and 
Italy’s Diverse Approaches to OECMs

The decision to compare Italy and Mexico, despite 
their noticeable geographical and institutional differenc-
es, is justified by significant similarities that make them 
paradigmatic cases for analysing OECMs. Both countries 
are characterised by: (1) high biodiversity and the pres-
ence of global hotspots; (2) the coexistence of formal 
protected areas with territories managed by local com-
munities according to traditional practices; (3) formal 
commitments to the 30x30 targets of the Kunming-Mon-
treal Global Framework; (4) challenges in integrating 
multi-level governance for conservation. The comparison 
is based on four theoretically grounded analytical vari-
ables: (a) degree of progress in the formal recognition of 
OECMs; (b) types of governance prevalent in potential 
OECMs; (c) integration of digital technologies in iden-
tification and monitoring processes; (d) models of com-
munity involvement in conservation management. This 
comparative analysis allows us to identify cross-cutting 
patterns in the implementation of OECMs, overcoming 
geographical specificities to highlight universal princi-
ples and challenges in the application of digital technol-
ogies to participatory conservation.

Comparative case studies provide essential insights 
into implementing conservation strategies. Despite dis-
tinct geographical and sociopolitical contexts, Mexico’s 
and Italy’s differing approaches offer a distinct view of 
OECMs’ recognition steps and implementation chal-
lenges. Data from the World Database on Protected 
Areas (UNEP-WCMC 2024) shows differences between 
Mexico and Italy’s protected area networks regard-
ing size, management structures, and conservation 
approaches (Fig. 4 and Fig. 5). Mexico has 1,425 PAs, of 
which 1,234 are designated at the national level, cover-

Figure 3. Information cycle to support area-based conservation 
worldwide. Source: Hoffmann, S. (2022).
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ing significant ecological zones with a focus on feder-
ally managed reserves and community-led conservation 
initiatives. In contrast, Italy has a much larger number 
of PAs, totalling 3,955. However, only 875 of these are 
nationally designated, with the majority being Natura 
2000 sites that align with European Union conservation 
frameworks. Despite Italy’s larger count of PAs, Mexico 
has conducted a higher number of Management Effec-
tiveness Evaluations (133 assessments compared to Italy’s 
26), indicating a more systematic approach to evaluating 
conservation outcomes. This comparison highlights that 
while Italy’s protected area network is extensive, Mexico 
places a stronger emphasis on national-level designations 
and effectiveness assessments, each country reflecting its 
unique governance and conservation priorities within 
global biodiversity targets. 

Notably, although both countries have submitted 
comprehensive geographical representations for their 
PAs to support spatial analysis and planning, neither 
Mexico nor Italy have reported OECMs to WDPA, sug-
gesting an opportunity for both countries to recognise 
additional areas that achieve conservation outcomes out-
side of traditional protected sites. Indeed, assessments by 
relevant international bodies highlight the need for more 
precise criteria and methodologies for identifying and 
governing OECMs in different contexts (ICES 2021).

Another key distinction lies in the types of ecosys-
tems prioritised, and the governance models used. Mex-
ico’s PAs reflect a variety of ecosystems, including desert 

regions, tropical forests, and extensive marine environ-
ments, with management practices often involving local 
communities and Indigenous groups. Italy’s PAs focus 
on Mediterranean ecosystems, alpine regions, and signif-
icant marine sites in the Mediterranean Sea, where con-
servation initiatives are often aligned with broader EU 
policy objectives rather than locally driven mandates. 
This focus on traditional, state-recognised PAs may limit 
Italy’s ability to diversify conservation management. At 
the same time, Mexico’s approach highlights the inte-
gration of community and local governance structures, 
though with challenges in formal OECM documenta-
tion. Both countries thus face unique hurdles: Mexico 
must improve OECM reporting and data transparency, 
while Italy may need to expand protected area coverage 
and explore new governance models to achieve its 30x30 
conservation targets.

The progress of both countries toward OECM rec-
ognition reflects their geographical characteristics, con-
servation traditions, goals, organisational structures, 
and governance actors. Italy must incorporate OECMs 
into its conservation framework to meet the EU’s target 
of protecting thirty per cent of land and marine areas by 
2030, as outlined in the EU Biodiversity Strategy (Euro-
pean Commission 2020). This strategy emphasises the 
inclusion of OECMs alongside traditional PAs, broad-
ening landscapes for biodiversity conservation. With 
accelerating biodiversity loss and protected area targets 
proving insufficient, OECMs offer an innovative solution 

Figure 4. Protected Area Profile for Mexico. Source: UNEP-WCMC (2024).
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for conserving human-dominated and natural ecosys-
tems (Hermoso et al. 2021). Nevertheless, significant dis-
parities remain in OECM adoption across EU member 
states, with some advancing recognition and governance 
faster than others (Naumann et al. 2021).

The national coverage of protected areas, net of 
the overlaps between protected areas and Natura 2000 
sites, to date is about 4,068,476 hectares at sea, equal to 
11.62% of Italy’s territorial waters and Ecological Protec-
tion Areas, and about 6,532,341 on land, equal to 21.68% 
of Italy’s territory. OECMs could also be considered in 
the calculation of national areas, but the examination 
of the types of areas that could appropriately fall into 
this category is still in progress, so it was not possible to 
include them in the analysis (Agnesi et al. 2024). Italy’s 
conservation strategy traditionally focused on PAs like 
national parks, nature reserves, and Natura 2000 sites 
(Cazzolla Gatti et al. 2024). For instance, Sacred Natural 
Sites in Italy protect cultural landscapes at lower eleva-
tions that complement the higher-altitude areas covered 
by traditional PAs, suggesting that rather than being 
incorporated into existing protection frameworks, these 

sites could obtain legal status through emerging policy 
approaches like OECMs (Frascaroli et al. 2019). 

However, transitioning to OECM recognition 
requires redefining criteria to include non-tradition-
al PAs contributing to biodiversity goals (D’Antoni 
2022) and addressing institutional fragmentation 
while improving coordination across governance levels 
(D’Antoni et al. 2023; Shirvani Dastgerdi et al. 2020). 
Another challenge is updating Italy’s outdated conser-
vation cartography, much of which is over twenty years 
old (Comitato per il Capitale Naturale 2022). Rural com-
mons, or “territories of life,” conserved by local commu-
nities, align with Indigenous and Community Conserva-
tion Areas and OECM frameworks (Ramos, Tugendhat 
2021) but remain under-recognised. Formal recognition 
of these areas could build on Italy’s community-based 
conservation heritage (Bassi 2022). Italy’s struggle to 
integrate diverse governance structures reflects broader 
EU challenges in aligning central biodiversity targets 
with local governance models (Moreira et al. 2024).

Mexico has made more significant strides along 
the way in OECM recognition. In a preliminary assess-

Figure 5. Protected Area Profile for Italy. Source: UNEP-WCMC 2024.
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ment, 1,029 terrestrial areas have been identified as 
potential OECMs, of over 54 possible OECM modali-
ties, covering 8.5 million hectares (equivalent to 4.3% 
of the terrestrial territory). The potential of Indigenous 
territories to establish OECMs is of utmost relevance: 
2,484 plots owned by 39 Indigenous peoples outside 
PAs cover 1.9 million hectares of conserved ecosystems. 
1,320 marine areas have been preliminarily identified 
as potential OECMs in 15 different modalities, cover-
ing 15.13 million hectares, equivalent to 4% of the ter-
ritorial sea (Fig. 6).

Spatial analysis has shown that over twenty-five 
per cent of Mexico’s Exclusive Economic Zone (EEZ) 
is protected through Marine Protected Areas (MPAs) 
and OECM-eligible sites, placing Mexico on track to 
meet the 30x30 conservation target. Additional priority 
regions identified for MPA or OECM designation could 
further enhance marine biodiversity and resource man-
agement (Perera-Valderrama et al. 2023). A review of 
Mexico’s PPAs from 2012 to 2023 highlights conserva-
tion growth through voluntary certification and inno-
vative legal tools, aligning with the Kunming-Montreal 
Global Biodiversity Framework’s 30x30 target (Bezaury-
Creel, 2024). In addition to state-managed PAs, Areas 
Voluntarily Destined for Conservation (ADVCs) cover 
over 600,000 hectares across 374 sites, emphasising 
community-led conservation and collaborative manage-
ment (Peña-Azcona et al. 2022). Wildlife Management 
Units (UMAs) on private and communal lands reinforce 
Mexico’s commitment to conservation beyond tradition-
al PAs. UMAs effectively conserve species while aligning 
conservation with sustainable development goals by pro-
viding connectivity across tropical and montane ecosys-
tems (Gallina et al. 2022). This model offers insights into 

Italy’s OECM efforts, particularly in engaging landown-
ers and local communities.

A roadmap introduced by Chile and Mexico under 
the Kunming-Montreal Global Biodiversity Framework 
outlines plans to protect thirty per cent of terrestrial, 
freshwater, coastal, and marine areas by 2030, integrat-
ing OECMs alongside traditional PAs to achieve ecologi-
cal, social, and economic goals. Incorporating OECMs 
supports biodiversity protection through sustainable 
management and community involvement, fostering 
resilience and climate adaptation (World Wildlife Fund 
2024). Despite progress, challenges persist, including 
limited stakeholder engagement and underutilisation of 
local knowledge in UNESCO Biosphere Reserves (Bren-
ner, Job 2022).

The differences between Mexico and Italy in OECM 
recognition highlight the importance of governance and 
community engagement in conservation. Italy’s central-
ised approach to conservation, while robust in tradition-
al PAs, has delayed its transition to more flexible OECM 
frameworks. Mexico’s progress, facilitated by community 
involvement, illustrates the potential of decentralised 
conservation models. Both countries face unique chal-
lenges under the EU Biodiversity Strategy 2030’s frame-
work and the global 30x30 targets.

5. Digital Technologies and Geographical Tools in 
Environmental Sustainability: Initiatives in Mexico 
and Italy and their Potential Application for Future 
OECMs Recognition

Integrating digitisation, geographical tools, and the 
OECM concept creates a dynamic framework for conser-

Figure 6. Localisation of potential land and marine-coastal OECMs in Mexico. Source: March Mifsut (2023).
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vation. Data-driven and participatory approaches, such 
as citizen science, enhance resilience and sustainability, 
potentially revolutionising OECM governance and global 
biodiversity conservation (Gurney et al. 2021). This syner-
gy is evident in various conservation successes in Mexico. 

A study on forest degradation in Mexico analysed 
trends in Moderate Resolution Imaging Spectroradi-
ometer (MODIS) Leaf Area Index (LAI) data, a key 
vegetation health indicator. Using time-series analysis, 
the authors (Reygadas et al. 2018) assessed forest cover 
changes and degradation from 2001 to 2017. The find-
ings identified degradation hotspots in areas of high 
anthropogenic pressure, providing valuable insights for 
conservation planning and environmental monitoring 
in Mexico. Alterations in land use affecting streamflow 
dynamics in the Pixquiac River catchment, a crucial 
water source for Xalapa (capital of Veracruz, southern 
Mexico), have been analysed using the Soil and Water 
Assessment Tool (SWAT). The research (López-Ramírez 
et al. 2020) simulated streamflow under different land 
use scenarios, including current conditions, historical 
land cover, and potential future changes. The findings 
reveal that deforestation and urbanisation increase run-
off and flood risks while reducing water availability dur-
ing dry periods. Reforestation, however, enhances water 
stability by increasing basef lows and reducing peak 
flows. This study underscores the importance of sustain-
able land management in maintaining water resources in 
tropical montane regions.

A study (David et al. 2021) in Coatzacoalcos, Verac-
ruz, used remote sensing and GIS tools to monitor land 
use and land cover changes, analysing environmental 
impacts and urbanisation effects over time. Satellite 
image analysis revealed significant shifts, such as forest 
reduction and urban expansion, offering critical insights 
for sustainable land management and planning. The 
study highlights the importance of remote sensing in 
environmental monitoring and policymaking for devel-
oping regions. Another example is the creation of “Quia-
hua”, Mexico’s first citizen science rainfall monitoring 
network, established to address gaps in rainfall data 
crucial for evaluating a Payment for Hydrologic Services 
(PHS) program. Between June 2017 and February 2019, 
volunteers collected rainfall data in two watersheds in 
Veracruz, integrating findings into hydrological models 
to improve conservation policy (Shinbrot et al. 2020). 
This initiative demonstrates the role of citizen science 
in bridging data gaps, enhancing environmental moni-
toring, and informing policy mechanisms like PHS pro-
grams. The Quiahua case shows how community-driven 
initiatives, aligned with the OECM model, can contrib-
ute to hydrological and conservation goals in a participa-

tory and scientifically robust manner. These efforts align 
with broader regional experiences that leverage nature-
based solutions to simultaneously reduce disaster risks 
and enhance ecological and social resilience (Lucatello, 
Alcántara-Ayala 2024).

Mexico’s progress in biodiversity conservation is 
bolstered by digital platforms and government resourc-
es that promote citizen science and public engagement 
(Monzón Alvarado et al. 2020). Citizen science tools 
include CONANP’s1 Visor for protected area data, Xeno-
canto for bird recordings, iNaturalist for biodiversity 
observations, Enciclovida for species information, and 
eBird Mexico for avian sightings. Government resources 
such as SEMARNAT’s2 Environmental Indicators Portal, 
CONAGUA’s3 Water Systems, CONABIO’s4 GIS infor-
mation, INECC’s5 Vulnerability Atlas, and the National 
Ethnic Groups Database further support conservation 
and monitoring. These technologies enable real-time 
data collection and adaptive management strategies, 
improving conservation outcomes while enhancing 
transparency and accountability in upcoming OECM 
governance.

In Italy, remote sensing and GIS technologies are 
critical in environmental monitoring and land-use 
planning, particularly in addressing climate change 
and land degradation. In Basilicata, a region impact-
ed by intensive land transformations, high-resolution 
satellite data and machine learning algorithms, such 
as Support Vector Machine (SVM), have been used to 
classify land cover changes and identify areas at risk of 
soil degradation (Santarsiero et al. 2022). This applica-
tion supports sustainable land-use policies by providing 
accurate data on urban expansion’s effects on natural 
and agricultural landscapes. Additionally, the MEDA-
LUS6 framework, adapted for Italy, evaluates deserti-
fication vulnerability using indicators like soil qual-
ity, vegetation cover, and climate, offering a systematic 
approach to landscape management and climate adap-
tation (Gabriele et al. 2023). These tools are essential 
for promoting climate resilience and mitigating land 
degradation in sensitive areas.

A compelling case study on the Sorrentina Penin-
sula highlights the application of GIS and remote sens-

1 Comisión Nacional de Áreas Naturales Protegidas (National Com-
mission of Protected Natural Areas).
2 Secretaría de Medio Ambiente y Recursos Naturales (Secretariat of 
Environment and Natural Resources).
3 Comisión Nacional del Agua (National Water Commission).
4 Comisión Nacional para el Conocimiento y Uso de la Biodiversidad 
(National Commission for the Knowledge and Use of Biodiversity).
5 Instituto Nacional de Ecología y Cambio Climático (National Insti-
tute of Ecology and Climate Change).
6 Mediterranean Desertification and Land Use.
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ing to map landslide susceptibility, reflecting a proactive 
approach to disaster risk reduction. Researchers com-
bined InSAR (Interferometric Synthetic Aperture Radar) 
data with GIS analyses to detect ground deformations 
and identify high-risk zones, enabling effective resource 
allocation and sustainable land management (Spinetti 
et al. 2019). Similarly, in the Valle Savio region, part of 
the Adriadapt Interreg project, remote sensing and spa-
tial modelling were used to assess climate threats such as 
drought, urban flooding, and landslides. By integrating 
vegetation health indicators and hydrological modelling, 
GIS analyses mapped land vulnerability, offering a basis 
for climate-resilient planning. The findings advocate for 
climate-sensitive regional practices to mitigate risk and 
promote sustainability (Pozzer et al. 2021).

Italy’s biodiversity conservation efforts are also 
strengthened by digital platforms and government 
resources promoting citizen science. The Italian Citi-
zen Science Observatory coordinates initiatives nation-
wide, promoting best practices in participatory research. 
OpenScience.it fosters collaboration between scientists 
and citizens, supporting projects like CSMON-LIFE for 
biodiversity monitoring and BioBlitz activities organised 
by the National Museum of Natural Sciences. Platforms 
such as Naturaitalia provide PA data, while the Marine 
Invasive Database enables marine biodiversity moni-
toring. Government resources include ISPRA’s7 Envi-
ronmental Data Bank, the National Geoportal, and the 
National Agricultural Information System for land use 
monitoring. Regional tools like Tuscany’s GEOscopio 
and Lombardy’s Geoportal engage citizens in environ-
mental monitoring. These resources, along with Euro-
pean platforms like EU-BON and the Global Biodiver-
sity Information Facility, enhance Italy’s environmental 
management and support the implementation of OECM 
governance principles.

In both countries, digital technologies enhance con-
servation efforts and promote participatory environmen-
tal governance. Citizen science platforms engage inhab-
itants in data collection, fostering shared responsibil-
ity. Integrating advanced technologies with community 
involvement in Italy and Mexico demonstrates how digi-
tal tools improve conservation governance and sustain-
ability outcomes. These initiatives advance biodiversity 
protection and support sustainable development goals, 
which are central to the conceptualisation and imple-
mentation of OECMs.

7 Istituto superiore per la protezione e la ricerca ambientale (Higher 
Institute for Environmental Protection and Research).

6. Conclusions: Preparing the Ground for OECMs 
Through Digital and Geographical Innovation

The integration of digitisation and geographical 
technologies represents a significant advancement for 
potential OECMs recognition and management, offering 
innovative tools for biodiversity conservation (Maxwell 
et al. 2020). This contribution has explored how tools 
such as GIS, remote sensing, digital data collection, and 
spatial analysis enhance planning and monitoring capa-
bilities, particularly in contexts where formal OECM 
recognition is still pending, as in Mexico and Italy. The 
cases of Mexico and Italy illustrate different pathways 
toward potential OECM recognition. In Mexico, the 
experience with Areas Voluntarily Destined for Conser-
vation and Wildlife Management Units demonstrates 
how digital tools can support community-based conser-
vation initiatives. Similarly, Italy’s evolving approach to 
conservation, mainly through its engagement with EU 
biodiversity targets and the application of geographical 
technologies in areas like the Basilicata region, shows 
how digital innovation can prepare the ground for future 
OECM recognition.

The intersection between geographic tools and com-
munity involvement represents a particularly promising 
area of research. In Mexico, the integration of digital 
technologies with traditional Indigenous governance has 
demonstrated how citizen science platforms can rein-
force local knowledge systems. The case of the Quiahua 
monitoring network illustrates how technologies can 
bridge traditional knowledge and scientific requirements. 
In Italy, the application of GIS and remote sensing in 
Basilicata and the Sorrentine Peninsula shows that the 
effectiveness of such tools depends significantly on com-
munity involvement. This is particularly relevant for 
Italian contexts like Sacred Natural Sites and rural com-
mons, often managed by communities with traditional 
ecological knowledge.

As biodiversity loss accelerates globally, these tech-
nological advances offer promising pathways for enhanc-
ing conservation effectiveness. However, realising this 
potential requires addressing key challenges: institution-
al capacity building, data standardisation, technologi-
cal accessibility and governance innovation (Rabitz et 
al. 2022). These challenges are compounded by broader 
geopolitical and geoeconomic dynamics shaping nation-
al strategies in technological competition, which in the 
Italian case have been analysed in relation to global 
innovation trajectories (Giordano 2026). The experiences 
of both countries suggest that successful implementation 
depends on developing robust policy frameworks that 
can accommodate OECMs once formally recognised, 

http://OpenScience.it
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strengthening international collaboration while respect-
ing local contexts, ensuring equitable access to technolo-
gy and data-sharing protocols, and building capacity for 
community-based monitoring and management. Future 
research should focus on developing participatory meth-
odologies that integrate advanced geographic technolo-
gies with Free, Prior, and Informed Consent (FPIC) pro-
tocols, ensuring that technological implementation does 
not compromise the rights of local and indigenous com-
munities. This includes developing cost-effective tech-
nologies for widespread adoption, examining how digi-
tal innovations can support climate change adaptation, 
and exploring how digital platforms can be designed to 
support polycentric governance models characteristic of 
OECMs rather than perpetuating centralised approaches 
typical of traditional protected areas. The path forward 
requires collaboration among geographers, conservation-
ists, technologists, social scientists, policymakers, and 
communities to create systems that respect both natural 
ecosystems and technological advancement.

This study presents some methodological consid-
erations that suggest directions for future research. 
The analysis relies primarily on secondary sources and 
official documents, suggesting that direct stakeholder 
engagement could complement these findings. The focus 
on two case studies, while theoretically justified, sug-
gests that expanded comparative analysis could enhance 
generalizability. A broader analysis of socio-economic 
dynamics, land-use conf licts, and climate adaptation 
strategies could complement the emphasis on digital 
technologies. The temporal scope, primarily covering 
recent developments, indicates a potential for longitudi-
nal studies to assess the long-term evolution of conserva-
tion initiatives.

Both countries’ experiences suggest that while for-
mal OECM recognition may be pending, the ground-
work laid through technological innovation and commu-
nity engagement provides a strong foundation for future 
conservation success. This understanding will be crucial 
as countries work toward meeting global biodiversity 
targets while ensuring effective, equitable, and sustain-
able conservation outcomes, contributing meaningfully 
to the global effort to live harmoniously with nature, and 
adapting and harnessing the power of technology for 
future generations.
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