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Wetlands provide essential ecosystem services, from carbon sequestration and flood mitigation to
biodiversity support, yet over 20% have been lost in recent centuries, prompting global restoration ef-
forts backed by policies like the UN Decade on Ecosystem Restoration. Despite rapid expansion of
restoration projects, conventional monitoring remains short-term, expert-driven, and often discon-
nected from site-specific ecological dynamics, limiting adaptive management and long-term success.
Citizen science has revolutionized ecological monitoring in other domains by enabling scalable,
participatory data collection, but its application to wetland restoration has been largely overlooked. In
this Perspective, we assess 120 restoration project sites worldwide and find that citizen science is
currently integrated into fewer than 20% of projects even in high-activity regions like Europe, leaving
significant social and geographic potential untapped. We find that recent advances in affordable remote
sensing, miniaturized sensors, and mobile platforms—supported by rigorous data-validation frame-
works—are now overcoming historical constraints regarding data reliability and spatial continuity.
These technological shifts, when coupled with emerging institutional recognition, allow citizen-
generated data to serve as a scalable, cost-effective infrastructure for monitoring ecological change
over meaningful timescales. Systematically integrating public participation into restoration practice is
therefore essential for closing critical monitoring gaps and ensuring the long-term sustainability of
global wetland ecosystems.
© 2026 The Authors. Published by Elsevier B.V. on behalf of Chinese Society for Environmental Sciences,
Harbin Institute of Technology, Chinese Research Academy of Environmental Sciences. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction rarely follow predictable trajectories [8]?

Conventional monitoring approaches offer only a partial

Globally, more than 20% of wetlands have been lost over the
past three centuries, largely due to land-use conversion [1]. Efforts
to restore wetlands have accelerated dramatically over the past
decade, driven by their vital roles in carbon storage, water regu-
lation, disaster prevention, biodiversity recovery, and cultural
ecosystem services such as recreation and aesthetic value [2-5].
Restoration targets are now embedded in global environmental
frameworks, from the United Nations Decade on Ecosystem
Restoration (2021-2030) [6] to the European Nature Restoration
Regulation [7], often backed by substantial public investment. Yet
as projects scale across diverse geographies, a central challenge
remains unresolved: how do we evaluate restoration success in
wetland ecosystems that change slowly, respond nonlinearly, and
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answer. Most assessments rely on short-term field activities, static
before-and-after comparisons, or intermittent reporting at pre-
defined milestones [9,10]. These snapshots, while useful, often
miss early signs of ecological drift or unintended trajectories. In
many cases, restoration ends not with a stable or resilient
ecosystem, but without a clear sense of whether interventions are
working or need adjustment [11]. This shortfall is not simply a
technical issue, since tools for tracking hydrology, vegetation, and
soil function are available and increasingly affordable [12]. The
deeper constraint is institutional: monitoring in wetland restora-
tion remains centralized, expert-led, and short-lived, shaped more
by project timelines than by ecological timescales [13].
Addressing this gap requires a fundamental rethinking of how
we monitor restored landscapes. Key ecological signs of restoration
success, such as the reestablishment of characteristic species as-
semblages (i.e., structural recovery) [14], the recovery of soil and
hydrological functions (i.e., functional recovery) [15], and the
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capacity to withstand disturbances (i.e., ecological resilience) [16],
often unfold gradually and unevenly across space and time. They
require site-specific, process-sensitive monitoring systems that are
sustained over time. Crucially, they also demand broader partici-
pation in who observes and thereby informs ecological change. In
this context, citizen science (also referred to in some literature as
“community science” [17]), the organized participation of members
of the public in data collection and environmental monitoring [18],
has been proposed as a promising but underused solution.

For decades, policies have increasingly been dedicated to nar-
rowing the gap between science and society, promoting oppor-
tunities for innovation and participation in the creation of
scientific knowledge and in the sharing of its benefits [19]. One of
the most recent frameworks is “Open Science”, which encom-
passes a range of “open” labels for research practices that aim to
improve the public value of science by opening up scientific pro-
cesses of knowledge production and outcomes to broader audi-
ences, or the “citizen science” field [20].

Despite growing recognition of the value of citizen science, its
role in wetland restoration has been limited, as many existing
initiatives, including small volunteer- or community-led observa-
tions of water quality, biodiversity, or site-level habitat conditions
[21,22], remain fragmented and loosely connected to formal
monitoring frameworks, often producing isolated scientific or
educational insights rather than sustained, decision-relevant in-
formation. Moreover, while some large-scale citizen science ef-
forts exist in wetland conservation, such as the global assessments
of wetland status and trends conducted through citizen science
[23], comparable initiatives in restoration contexts are still rare.
This reflects not only practical constraints but also a lack of clear
guidance on integrating citizen participation into restoration
planning and implementation [24]. Yet recent shifts in technology
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and governance suggest that citizen science is undergoing a quiet
transformation. Advances in mobile platforms, low-cost sensors,
and data validation methods have greatly expanded what citizen
scientists can observe and report [25-27]. For example, from global
biodiversity observations (e.g., eBird, iNaturalist) [28] to soil car-
bon dynamics (e.g., TeaComposition Initiative) [29] and water
quality monitoring efforts (e.g., FreshWater Watch) [30], citizen-
generated data systems have proven their capacity to deliver
high-quality, spatially dense, and temporally sustained ecological
information. At the same time, international frameworks (e.g., the
Sustainable Development Goals [31] and the Kunming-Montreal
Global Biodiversity Framework [32]) are increasingly cited in
calls to recognize citizen-generated data as a valuable complement
to official sources.

These changes open new possibilities for applying citizen sci-
ence to wetland restoration. If citizen science is treated not as an
add-on or outreach tool, but as part of the core infrastructure of
sustainable restoration processes, it could help close critical gaps
in the spatial and temporal continuity of monitoring, which are
essential for detecting change and enabling adaptive responses
[33,34]. Moreover, from a science and innovation perspective, it
will enhance the societal relevance of research practices and align
with the democratization of science. Therefore, here we argue that
citizen science is not just compatible with wetland restoration but
may be essential to its long-term success. In turn, citizen
engagement increases scientific literacy, supports lifelong
learning, and helps bridge the gap between the scientific com-
munity and the public [35].

To make this argument concrete, in this Perspective article, we
examine the current extent of citizen science use in wetland
restoration, synthesize emerging technological and institutional
developments that expand its potential, and outline a pathway for
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Fig. 1. Roadmap for scaling citizen science in wetland restoration. The figure illustrates the progression from current approaches, where citizen science remains fragmented
and marginal, to emerging capacities enabled by technological, social, and institutional advances, and finally toward integration into formal monitoring and adaptive management
frameworks. This pathway highlights how citizen science can be scaled into credible and enduring infrastructure, closing spatial, temporal, and institutional gaps that constrain

wetland restoration monitoring and long-term success.
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integrating citizen-generated data into monitoring and adaptive
management (Fig. 1). We aim to clarify how citizen science can
move from marginal participation to structural necessity in sus-
taining long-term wetland restoration.

2. The current situation of citizen science in wetland
restoration

Despite growing recognition of citizen science as a tool for
ecological and environmental monitoring, its application in
wetland restoration remains limited, fragmented, and often
informal [24]. Most initiatives are project-specific and short-lived,
designed primarily for community engagement or education
rather than for generating sustained ecological insights [36,37].
While notable examples exist, particularly in monitoring water
quality and species presence [21], they are rare and seldom inte-
grated into decision-making or adaptive management processes.

To better understand how citizen science is currently used in
wetland restoration, we searched multiple sources, including Eu-
ropean Union project databases, such as the Community Research
and Development Information Service (CORDIS) and the Pro-
gramme for Environment and Climate Action (LIFE), as well as Web
of Science, Google Scholar, and Google, to identify restoration
projects that incorporated citizen science. Additional details on
the search strategy, screening criteria, and screening results are
provided in the Supplementary Materials and Supplementary
Dataset. Despite extensive searches across multiple sources, the
true extent of citizen involvement is likely still underestimated, as
many local or community-based initiatives, particularly in low-
and middle-income countries, are less visible in official databases
or online sources. The patterns presented here should therefore be
viewed as a conservative approximation of the actual level of cit-
izen science engagement in wetland restoration.

Geographically, citizen science projects related to wetland
restoration are disproportionately concentrated in high-income
countries, especially Europe and North America (Fig. 2a—c). This
spatial pattern is similar to that observed in other environmental
fields, such as soil science [38] and invasive species monitoring
[39]. These developed regions typically benefit from strong insti-
tutional support, digital infrastructure, and environmental edu-
cation systems [39,40]. However, even within these regions, the
percentage of wetland restoration projects that formally include
citizen science appears limited. For instance, in Europe, fewer than
20% of wetland restoration projects explicitly integrate citizen
science into their frameworks (Fig. 2d and e), reflecting a signifi-
cant underutilization of public capacity in formal wetland resto-
ration efforts.

Yet we must acknowledge that in low- and middle-income
countries, where wetlands face acute pressures from land con-
version and unsustainable use, citizen-generated data are largely
absent from formal restoration frameworks [41]. This imbalance
reflects deeper asymmetries in funding, institutional capacity, and
perceptions of scientific legitimacy, with many restoration pro-
grams still reliant on short-term, expert-led monitoring with
minimal community engagement [42]. Moreover, in regions such
as Latin America, wetland restoration remains relatively uncom-
mon, with efforts more often directed toward conserving
remaining wetland ecosystems [43]. In such contexts, both resto-
ration projects and associated citizen science initiatives are un-
derstandably scarce.

Where citizen science has been applied to wetland restoration,
it has mostly focused on indicators that are both ecologically
meaningful and feasible, such as biodiversity surveys, site-level
visual assessments, and basic water quality measurements
[21,44,45] These efforts already represent a substantial
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contribution, especially given the inherent challenges of sustain-
ing volunteer participation and maintaining consistent data
quality in long-term monitoring. At the same time, key ecological
processes that support long-term restoration, such as soil health
and greenhouse gas dynamics, have received comparatively less
attention in citizen science initiatives, likely because monitoring
these parameters usually requires specialized expertise, labora-
tory analysis, or technically demanding equipment [46].

More fundamentally, the marginal role of citizen science re-
flects not only institutional tendencies to prioritize expert-led
data, but also the practical reality that citizen-generated obser-
vations face objective constraints that can affect data compara-
bility [47,48]. These include inconsistent protocols, variation in
observer experience or skill, and differences in measurement tools
or their calibration [49]. In addition, most wetland restoration
programs lack formal mechanisms to validate, integrate, or
respond to participatory observations [50,51]. Even when incor-
porated, it is often framed as a vehicle for outreach, something
separate from “real” monitoring, rather than as a component of
knowledge production [52]. This reinforces a hierarchy in which
only experts are considered qualified to assess ecological out-
comes [53]. Overcoming this barrier requires clearer ways to
connect citizen observations with formal monitoring, thereby
building both credibility and institutional trust.

3. The emerging capacity of citizen science for wetland
restoration

Citizen science remains underutilized in wetland restoration,
yet its technical and institutional capacity has evolved to speak
directly to the challenges of monitoring these ecosystems (Fig. 1).
Freely available satellite archives [54-57] and increasingly afford-
able drones [58-60] make it possible for citizen scientists to detect
shifts in vegetation, water distribution, or disturbance events
across entire catchments, placing local observations within their
wider landscape context. At ground level, the rapid spread of
miniaturized sensors has opened access to process-based mea-
surements, such as hydrological conditions [61], water quality
[62], soil characteristics [63], biodiversity [64], and even green-
house gas fluxes [65], that often determine the trajectory of
wetland restoration. Many of these devices can even be linked
through Internet-of-Things architectures, creating decentralized
monitoring networks [65-67], and in some pilot cases, blockchain
technologies are being explored to secure data provenance and
strengthen trust in citizen-generated data [68].

The ubiquity of mobile platforms amplifies these advances [69].
Smartphones equipped with global positioning systems, cameras,
and cloud connectivity have turned into global portals for
ecological reporting. Purpose-built applications can translate im-
ages into estimates of water quality [70,71], automate species
recognition, or channel thousands of geo-referenced observations
into shared databases [72,73]. Crucially, by offering intuitive in-
terfaces, offline functionality, and immediate visual feedback,
these mobile tools significantly enhance public participation in
remote or under-resourced wetland areas [74].

However, sustaining engagement requires more than digital
access. Many ecological restoration projects are leveraging social
media communities and gamification strategies to reinforce
commitment by creating networks of practice, offering recogni-
tion, or maintaining interest during slow phases of restoration
[75,76]. While such digital tools can broaden participation and
help retain volunteers, they should not be viewed as standalone
solutions. Over-reliance on technology risks overlooking the
deeper, more enduring drivers of participation, such as personal
values, connection to nature, desire for social interaction, and a
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Fig. 2. Geographic and institutional distribution of wetland restoration projects
involving citizen science. a, Global distribution of wetland restoration sites that
incorporated citizen science for ecological monitoring, categorized by thematic focus
(e.g., water quality, biodiversity, soil health, landscape dynamics, and multiple in-
dicators). Data was compiled from multiple sources, including European Union project
databases, such as the Community Research and Development Information Service
(CORDIS) and the Programme for Environment and Climate Action (LIFE), as well as
Web of Science, Google Scholar, and Google. n = 120. b, Number of wetland resto-
ration sites that incorporated citizen science and participating countries grouped by
continent. Data was compiled from CORDIS, LIFE, Web of Science, Google Scholar, and
Google. ¢, Number of wetland restoration sites that incorporated citizen science and
participating countries grouped by economic status (high-income economies versus
non-high-income economies, classified by the World Bank's income categories in
fiscal year 2024). Data was compiled from CORDIS, LIFE, Web of Science, Google
Scholar, and Google. d, Proportion of wetland restoration projects in the CORDIS
database that explicitly integrate citizen science (CS). e, Proportion of wetland
restoration projects in the LIFE database that explicitly integrate CS. Detailed data
search methods are in the Supplementary Materials. Detailed information on wetland
restoration projects/sites that incorporate citizen science is provided in the Supple-
mentary Dataset.

desire to contribute to science and policy. Early identification of
citizen scientists’ motivations and continuous assessment of how
these motivations evolve are essential for fostering successful and
sustainable citizen science monitoring programs [77,78].

Even where participation is strong, skepticism about data
quality and institutional legitimacy has long constrained the
integration of citizen science into restoration. Such concerns are
not trivial: restoration decisions often involve substantial invest-
ment and long time horizons, and managers have been reluctant to
rely on information perceived as inconsistent or unverifiable.
Experience from large-scale ecological citizen science programs
shows that addressing these concerns requires treating data
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quality as a full lifecycle process, beginning with task design and
extending through verification and documentation [49]. Iterative
protocol refinement, targeted volunteer training, clear task defi-
nitions, replication across observers, and standardized data-entry
interfaces reduce errors at the point of collection. Meanwhile,
expert review, community consensus, and automated anomaly
detection can be combined into hierarchical workflows that triage
most records algorithmically and escalate only uncertain entries to
expert validators [79]. To make such verification systems inter-
operable with professional wetland monitoring, they must be
paired with standardized procedures that document how each
record was produced [80]. Harmonized protocols, basic metadata
standards (e.g., who collected what, where, when, and with which
method or device), calibration of low-cost sensors against refer-
ence instruments, and transparent quality assurance and quality
control documentation allow citizen-generated observations to be
assigned clear quality flags or scores [49,80]. This enables them to
be jointly analyzed, filtered, or weighted with professional data-
sets, based on documented reliability rather than their origin [81].
In wetland restoration, such standardization provides a realistic
pathway for citizen-generated data to enter the same analytical
pipelines as agency data while preserving information on uncer-
tainty and verification history.

Furthermore, these technical and social transformations are
increasingly reinforced by institutional change. For example, in
Europe, citizen-generated data have long underpinned imple-
mentation of the Birds Directive [82], and the recent European
Nature Restoration Regulation encourages Member States to pro-
mote citizen science in ecological monitoring and to allocate
adequate resources to support such activities [7]. In the United
States, the proportion of environmental impact statements that
referenced or incorporated citizen science increased from 3% in
2012 to 40% in 2022 [83].

These developments are particularly important in regions
where expert-led assessments are infrequent or under-resourced.
With appropriate data validation and sufficient guidance from
scientists to align data collection with specific requirements for
the restoration process, and with interoperable infrastructure and
emerging policy support, citizen science is increasingly positioned
to provide credible, decision-relevant data for wetland restoration
at scale. Realizing this potential, however, also requires attention
to equity, for example, ensuring that access to digital and partici-
patory tools is not confined to well-resourced contexts but extends
to regions where wetlands face the most acute pressures.

4. Integrating citizen science into wetland restoration

Although recent advances in sensing technologies, mobile plat-
forms, and participatory data systems have greatly expanded what
citizen scientists can observe and report, these capacities remain
largely disconnected from the institutional structures of wetland
restoration. Citizen science often operates in parallel to expert-led
assessments, with limited influence on how restoration progress is
assessed or how interventions are adjusted, leaving its potential
underrealized. The challenge now lies in moving from fragmented
initiatives toward integrated monitoring frameworks (Fig. 1) in
which citizen-generated data are systematically validated,
embedded in reporting structures, and linked to adaptive
management.

Advancing this integration will require both bottom-up and
top-down pathways. Bottom-up participation can generate fine-
scale, context-rich observations that would otherwise be difficult
or expensive to obtain, particularly when supported by global
platforms such as iNaturalist that enable locally driven monitoring
while contributing to global-scale datasets [84,85]. At the same
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time, top—down recognition from policymakers, funding bodies, and
restoration agencies is essential to ensure that citizen-generated
data are meaningfully incorporated into formal monitoring frame-
works and adaptive management. Harnessing both approaches al-
lows wetland restoration to benefit from local ecological knowledge
while strengthening large-scale assessments.

To translate these principles into practice, a practical starting
point is to encourage restoration projects to establish basic,
ongoing monitoring activities where citizen participation is
feasible. Even relatively straightforward contributions, such as
tracking water levels, taking repeat photographs of vegetation, or
documenting local biodiversity, can help generate locally relevant
observations that complement expert assessments. Where such
practices exist, the next step is to explore how citizen-generated
data might be gradually incorporated into existing monitoring
frameworks and reporting structures, including national wetland
inventories or restoration dashboards. Achieving this requires
engagement not only from practitioners but also from the agencies
and policymakers responsible for designing these systems, since
top—down support is essential for ensuring that citizen contribu-
tions are formally recognized. This can help improve spatial
coverage and temporal continuity, while also giving greater visi-
bility and legitimacy to community contributions.

When sufficient experience has been gained, guidance can be
strengthened at the project design level. Most current restoration
handbooks and guidelines either overlook citizen science or treat it
as an optional add-on [24]. This marginalization leaves practitioners
and citizen scientists without concrete guidance on where, when,
and how public contributions can support long-term monitoring. To
unlock this potential, restoration frameworks can provide clear
protocols for citizen engagement across relevant ecological in-
dicators and specify how these data can be integrated into adaptive
management. Doing so transforms citizen science from symbolic
outreach into a structured, scalable mechanism for sustaining
ecological observation beyond the limits of expert-led monitoring.

Sustained engagement depends not only on participation but
on reciprocity. Many citizen science initiatives are deeply place-
based, driven by long-standing commitments to the care and
stewardship of local landscapes [86]. Recognizing and supporting
these place-based motivations can help sustain participation over
long restoration timelines. Given the time and effort required for
wetland monitoring, providing appropriate material and symbolic
rewards or compensation can further encourage long-term,
continuous participation [87]. Volunteers are also more likely to
remain involved when they understand how their contributions
are used, what decisions those data inform, and where additional
information is still needed. Digital platforms can help facilitate this
exchange, offering real-time feedback, data visualization, and op-
portunities for co-interpretation of ecological trends. At the same
time, reliance on cloud platforms and social media raises concerns
over privacy, ownership, and consent, underscoring the need for
clear governance to safeguard contributors and sustain trust in
citizen-generated data. Monitoring systems must also account for
cultural differences and diverse participant needs, adapting proj-
ect design to meaningfully activate training and support volun-
teers beyond digital incentives. A human-centered approach that
complements technological tools with the acknowledgment of
intrinsic and extrinsic motivations of participants is key to long-
term engagement [78,88,89].

Importantly, restoration teams do not need to navigate these
integration challenges alone. A growing number of international
and national citizen science networks, such as the European Citi-
zen Science Association, the Australian Citizen Science Associa-
tion, and the Association for Advancing Participatory Sciences in
the United States, now offer platforms for theoretical guidance,
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methodological support, and peer support [90], which can help
wetland projects incorporate citizen science more effectively and
credibly. In parallel, many countries also host active regional or
local citizen science associations that provide more context-
specific guidance aligned with domestic legislation, conservation
priorities, and existing wetland management frameworks [90].
Beyond professional networks, collaboration with existing citizen
science teams (such as those in universities and research in-
stitutions) can provide hands-on support during wetland resto-
ration monitoring, which seems particularly applicable to many
university-led restoration projects.

Step by step, integrating citizen science into wetland restora-
tion can help strengthen ecological monitoring by filling gaps in
formal monitoring programs. It can provide broader spatial
coverage, more frequent observations, and local context. This
additional information improves the basis for adaptive manage-
ment, especially in resource-limited settings or under rapidly
changing conditions. In this way, citizen science offers a practical,
scalable approach to extend monitoring capacity and support
sustainable wetland restoration.
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