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Abstract: Community-based monitoring (CBM) is one of the- most sustainable ways of establishing a
national forest monitoring system for successful Reduce Emissions from Deforestation and Forest
Degradation (REDD+) implementation. In this research, we present the details of the National Forest
Conservation Program (PNCB—Programa Nacional de Conservación de Bosques para la Mitigación
del Cambio Climático), Peru, from a satellite-based alert perspective. We examined the community’s
involvement in forest monitoring and investigated the usability of 1853 CBM data in conjunction
with 445 satellite-based alerts. The results confirm that Peru’s PCNB contributed significantly to
the REDD+ scheme, and that the CBM data provided rich information on the process and drivers
of forest change. We also identified some of the challenges faced in the existing system, such as
delays in satellite-based alert transfer to communities, sustaining community participation, data
quality and integration, data flow, and standardization. Furthermore, we found that mobile devices
responding to alerts provided better and faster data on land-use, and a better response rate, and
facilitated a more targeted approach to monitoring. We recommend expanding training efforts and
equipping more communities with mobile devices, to facilitate a more standardized approach to
forest monitoring. The automation and unification of the alert data flow and incentivization of the
participating communities could further improve forest monitoring and bridge the gap between
near-real-time (NRT) satellite-based and CBM systems.

Keywords: REDD+; community-based monitoring; MRV; near-real-time remote sensing; forest
monitoring; Peru; Amazonas; Earth observation

1. Introduction

Forests are one of the most significant ecosystems on the planet, serving as both carbon
sink and source [1,2], and cover around 31% of the total land area [3]. Nearly 50% of global
forests are tropical forests, giving them a particularly important role in mitigating climate
change [4–6]. In addition, tropical forests provide important ecosystem services which
support the livelihoods of local and rural communities (e.g., Brazil nut extraction) [7–10].
An increased demand for natural resources, urban growth, expansion of commercial and
subsistence agriculture, timber extraction, and livestock grazing have led to deforestation,
fragmentation of the landscape, and loss of habitat [11,12]. These human-induced land
use changes, mainly deforestation, are the second largest source of anthropogenic CO2
emissions, with the majority occurring in tropical regions (IPCC 2013). The reduction in
size of tropical forests will also negatively affect their important carbon sink function.
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In response, the United Nations Framework Convention on Climate Change (UNFCCC)
introduced the framework to Reduce Emissions from Deforestation and Forest Degradation
(REDD+), which includes fostering conservation, the sustainable management of forests,
and enhancing forest carbon stocks [13,14]. Parties to the UNFCCC agreed to support
developing countries in their efforts to design and implement national REDD+ strategies,
policies, and action plans [15].

Countries participating in the REDD+ framework need to establish a credible, transpar-
ent, and reliable national forest monitoring system (NFMS) [16] in order to receive REDD+
payments. Satellite-based monitoring is considered a central part of REDD+ forest moni-
toring [17]. There have been increases in national forest monitoring capacities, especially
in the tropics [18]. However, assessments which rely solely on satellite-based techniques
might not provide full understanding of all deforestation and forest degradation processes
(e.g., drivers, small-scale changes) [19]. Therefore, in addition to satellite-based monitoring,
community-based monitoring (CBM) systems on the ground can play an important role in
better understanding these processes and verifying forest changes [20,21].

Local and indigenous communities play an important role in mitigating deforesta-
tion, and remain crucial players in combatting climate change and decreasing carbon
emissions [22]. According to Ministerio de Ambiente (MINAM) (2016), 16% of Peru’s
deforestation occurs in indigenous communities, however, deforestation has affected only
2.3% of these areas. This implies a great potential for forest conservation in these areas,
where better monitoring tools will improve forest management in these communities [23].
It was also found that indigenous communities in the Amazon managed to decrease forest
carbon emissions and reduce deforestation [24]. Additionally, it was found that CBM was
perceived positively by communities, despite former mistrust between communities and
states [25].

CBM can provide a cost-effective and independent data source whilst engaging locals
in forest monitoring, though there remains a disconnect between satellite-based monitoring
systems and CBM systems on the ground. This can be seen in the disparate growth of
capacity for forest monitoring using satellites and the NFMS of tropical countries [18,26,27].
Even though many countries are attempting to implement an NFMS, only a few REDD+
countries have established an integrated NFMS by combining satellite monitoring and
CBM. There remains an operational gap in linking CBM and national forest monitoring, par-
ticularly around strategically and ethically engaging indigenous people, and understanding
the added value for local conservation effectiveness [28,29].

A promising example of an emerging government-driven NFMS that incorporates
CBM is Peru’s Conditional Direct Transfer Program, instigated by the Ministry of En-
vironment (MINAM) and implemented by the National Forest Conservation Program
(PNCB—Programa Nacional de Conservación de Bosques para la Mitigación del Cambio
Climático). It is a novel multilevel institutional approach, operating on national, regional,
and local levels, including local and indigenous communities [25]. Within this approach, a
variety of different monitoring approaches are used across communities. The alert-driven
community monitoring where communities should respond to satellite-based alerts of
forest changes is a particularly interesting case study to examine the efficiency and ef-
fectiveness of an existing operational CBM system, including its integration between the
local and the national level. For example, it was found that satellite-based alerts used by
communities reduce deforestation, but some communities rarely receive these alerts [30].

The main objectives of this paper are to:

(1) Present the institutional setup of the Peruvian National Forest Conservation Program,
with a particular focus on data flows and community-based monitoring;

(2) evaluate community participation, thematic detail, spatial and temporal accuracy, as
well as fitness for use of CBM in conjunction with satellite-based alerts;

(3) discuss implications for operational sustainability and the future of CBM within the
PNCB program.



Remote Sens. 2022, 14, 4284 3 of 18

2. Institutional Set-Up of National Forest Conservation Program and
Community Monitoring

Since 2010, the Peruvian Government has implemented the PNCB in collaboration
with indigenous communities, indigenous organizations, regional and local governments,
and civil society. The PNCB is operationally independent and carries out work at three
different levels (Figure 1): National level, with MINAM and the Ministry of Agriculture
(MINAGRI) as the technical unit with its headquarters in Lima; the regional level (GORE)
operating as an intermediate level overseen by regional authorities; and the local level
where indigenous organizations form inter-communal groups, where each community
having their own vigilance committee and several communities having formed indigenous
federations [25,31]. PNCB mainly coordinates with zonal and regional governments who
are the responsible authorities in the forests. In some cases, this authority has not yet
transferred from the Servicio Forestal y de Fauna Silvestre (SERFOR).

Figure 1. Community-based forest monitoring set-up, Peru.

The process of community involvement starts at the national level, identifying and
reaching out to communities (local level) to participate in the PNCB. Each community
that wishes to participate needs to initiate an establishment process, followed by the
demarcation of the territory’s conservation area, and organize their monitoring groups,
known as vigilance committees (VC). Communities who participate in the program receive
monetary compensation (10 PEN or 2.75 USD per Ha per year) for protecting their forests.
Local and national levels both interact with the regional level, which makes arrangements
with local offices, prepares base maps, provides training, and offers detailed plans for
monitoring practices. Further details of the institutional arrangements for community
engagement can be found in Kowler et al. [25].

As part of the conservation agreement with the PNCB, each community is required to
patrol its forest four times a year. Community monitoring can be divided into two categories:
routine monitoring and alert-driven monitoring (Figure 1).

Routine monitoring is a structured monitoring approach conducted by trained vig-
ilance committees on a regular basis, using paper- or mobile-phone-based systems. It is
independent from any deforestation alerts and other occurrences within the area and is
conducted periodically at least four times per year. According to information from the
communities, routine monitoring consists of routes selected by the vigilance committees
of the communities themselves, based on factors such as distance, accessibility, terrain,
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logistics, and availability of resources (e.g., fuel). They choose areas that have not been
monitored previously, or areas that need to be marked with milestones, or are of interest
for the community (e.g., communities that are involved in management plans for timber
for industrial consumption and have to georeference the trees).

Alert-driven monitoring is conducted in response to satellite-based forest disturbance
alerts generated and distributed by PNCB. PNCB sends the satellite-based alerts to the
affected communities on printed maps indicating the location of the detected forest dis-
turbance. As a response to the alerts, vigilance committees go to the location to verify
the alert. This approach is often more labor-intensive than routine monitoring, due to the
accessibility of and route to the designated location. The satellite-based alerts are derived
by PNCB from Landsat 8, with a resolution of 30 m and a revisiting time of eight days.

The paper-based system consists of a form provided by PNCB, which asks for infor-
mation on geo-location, landcover, deforestation type, details of the individual making the
record, photographs, and other information. For complete forms please see Appendix A,
for an example of a filled- in monitoring report please see Appendix B. The vigilance com-
mittee is equipped with cameras and GPS devices on every patrol. Alert-driven and routine
monitoring have different forms, and mobile-based monitoring operates in digitized form,
using Open Data Kit (ODK).

The communities send field reports based on their field observations by the vigilance
committees back to the regional or national level; Figure 1. These field reports consist of
observations obtained from routine monitoring and alert-driven monitoring. The reporting
can be paper-based or mobile-phone-based.

3. Evaluation of Community-Based Forest Monitoring

In this study, we evaluated community participation, thematic detail, and the spatial
and temporal accuracy of community-based forest monitoring, based on an approach
described by Pratihast et al. [22]. Community participation and thematic detail analysis
included all 45 communities, while the temporal and spatial assessment was limited to
six communities that were part of the alert-driven monitoring scheme.

To evaluate community participation, we considered regional differences in numbers
of participating communities, numbers of observations, and observation type (routine,
paper-based alert-driven, mobile-based alert-driven). The thematic detail of the field obser-
vation collected by the vigilance committees was divided into the observation categories of
forest change, vegetation, land use, topography, markings, and other (Table 1).

Table 1. Thematic detail of CBM observation categories.

Category Description

Forest change Deforestation, logging, landslides, clearing due to crops, burning, etc.

Vegetation Information about tree species, medicinal plants, and forest type (primary
forest, dense forest)

Land use Anthropogenic features found at a location, e.g., roads, camps, crops, trails,
houses, and farms

Topography Important topographical features such as streams, rivers, slopes, flat
terrain, or waterfalls

Marking Landmarks and boundary demarcation, start and end points of a tour,
intersections and limits

Other Categories that could either not be identified or did not fit under another
category

None No information available

The assessment of the temporal accuracy consisted of an analysis of the number of days
between receiving satellite-based alerts and the field observations, for every community
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that deployed alert-driven monitoring. For analysis of the spatial accuracy, satellite-based
alerts and alert-driven monitoring observations were mapped to check the proximity
(i.e., consistency) of the coordinates. The satellite-based alerts did not include a spatial
delineation (i.e., polygon) representing the precise area of the forest disturbance, but only
the coordinates of the central point. Therefore, each satellite-based alert was mapped as a
circular buffer of 15 m around the central point to approximate the area of the detected forest
disturbance. The proximity analysis was performed for each community by calculating
the shortest distance from a community-based monitoring observation point to the closest
satellite-based alert area.

4. Results
4.1. Community Participation

A total of 445 satellite-based alerts were sent by PNCB to communities, and 1853 observations
with geographic coordinates from vigilance committees were collected (Figure 2). These
observations were collected by 45 different communities, over the six regions of Junín,
Pasco, Cusco, Ayacucho, San Martín, and Loreto in Peru. The community of Poyeni had
the highest number of observations, while Orejones had the lowest number of observations
(Figure 3).

Figure 2. Study area; the green regions indicate the participating regions, the purple points show
Routine Observations, the purple points indicate CBM observations, and red indicate satellite-based
alerts.
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Figure 3. Number of observations of vigilance committees, per region.

The graph in Figure 4 represents the number of satellite-based alerts and CBMs by
region (Figure 4 Number of observations per region, divided into CBM and satellite-based
alerts). Other graphs show the number of field observations according to type: Mobile-alert-
driven monitoring; paper-based alert-driven monitoring, and routine monitoring. Overall,
only eight communities had satellite-based alerts as well as alert-driven monitoring in the
dataset. Communities Puerto Ocopa, Loma Linda, and San Pedro de Pichanaz all used
mobile devices instead of paper- based field reports. Furthermore, alert-driven monitoring
observations explicitly referred to satellite-based alerts.

Figure 4. Number of observations per region, divided into CBM and satellite-based alerts.
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We discovered that routine monitoring accounted for 95% of all observations. Only
about 5% of monitoring corresponded to alert-driven monitoring. Focusing on alert-driven
community monitoring, we see that only eight communities were involved, with the
communities of Puerto Ocopa, Loma Linda, and San Pedro de Pichanaz in the Regions
Junín, Pasco and Loreto (Figure 5) using mobile devices instead of paper-based field reports.

Figure 5. Number of observations per region, where mustard bars indicate routine monitoring, blue
bars indicate paper-based alert-driven monitoring, and green indicates mobile-based monitoring.

4.2. Thematic Detail

We observed that routine monitoring tended to include information on marking and
topography, while alert-driven monitoring included mainly land use and forest change
observations (Figure 6 see Table 1 for explanation)). Mobile-alert-driven monitoring also
often includes information on vegetation.

Figure 6. Categories of observations made per monitoring approach (see Table 1 for explanation).
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In the categories of forest change, nine different drivers were mentioned by communi-
ties in their field observations: Wood extraction, wind, cattle, landslide, open plantation,
reforestation, road, seismic exploration, and others (Figure 7).

Figure 7. Forest change characterization based on routine and alert-driven field observations by
communities.

In contrast, information from satellite-based alerts provided fewer categories: Land-
slide, open plantation (new), open plantation (rehabilitation), road, and others. For com-
munity field observations and satellite-based alerts, the biggest percentage of forest change
was determined to be caused by conversion to open plantation (Figures 7 and 8).

Figure 8. Forest change characterization based on satellite-based alerts.

4.3. Temporal and Spatial Accuracy

Most alert-driven monitoring took place in 2016, during the time of this study. For the
23 field observations directly related to a satellite-based alert, the number of days between
satellite-based alert and field observation varied from 20 days (eight observations), around
60 days (10 observations), to 110–125 days (five observations). All those observations were
derived from paper-based monitoring, due to the lack of data in other classes.

The spatial accuracy (i.e., spatial proximity) analysis showed the shortest distance to
each alert-driven monitoring point for 49 samples (Figure 9). Only the communities that
used alert-driven monitoring were included in this analysis, all of which were from the
Pasco region (Belen, Divisora, Loma Linda, Platanillo de Getarine, Puerto Davies, and San
Pedro de Pichanaz).
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Figure 9. Spatial proximity (meters) of satellite-based alerts to nearest field observation.

5. Discussion of Implications for Operational Sustainability and Future of CBM
5.1. Review on the Program Outline

Including indigenous communities in PNCB is an important step for the effectiveness
of Peru’s conservation effort, since the Amazon region alone harbors around 1200 indige-
nous communities that inhabit and manage more than 11 million hectare of land [32–34]. It
was found that Peru’s monitoring of forest-area change and its associated satellite-based
capacities have improved substantially in recent decades, while its forest inventory ca-
pacities have increased at a much lower rate [35]. We identified certain challenges in the
existing system (e.g., delay in satellite-based alert transfer to communities, non-uniformity,
i.e., digital versus analog data collection). There were significantly more CBM observations
(including routine and alert-driven monitoring) than satellite-based alerts from the PNCB.
The communities Junín and Pasco accounted for most of the observations due to their
long ongoing work with the project in comparison with other communities. Additionally,
some of the communities seem to have deployed solely routine monitoring, while others
responded to satellite-based alerts with alert-driven monitoring. This could be due to
unavailability of satellite-based alerts, different accessibility of the terrain, differences in
incentives, or the manner of communication between governmental institutions. Slough
et al. [30] confirmed these claims. It might be the case when one community does not
receive many satellite-based alerts due to low deforestation rates, the observations are
mostly based on routine monitoring, aimed at delimiting its boundaries, signaling, etc. The
resulting low levels of alert-driven monitoring and the difference in driver characterization
between satellite-based alerts and field monitoring insinuate a lack of understanding of the
drivers and mechanisms of forest change on a larger scale.

Because of the remoteness of many communities and the complex logistics involved,
paired with a prevalent paper-based method of monitoring, few communities practiced
alert-driven monitoring. This low percentage of alert-driven monitoring in comparison
to routine monitoring, and the fact that only certain communities deployed alert-driven
monitoring, suggests different approaches by the communities, but also possible different
approaches from the PNCB. According to discussions held with communities, routine
monitoring consists of routes selected by the vigilance committees themselves based on
distance, accessibility, logistics, and availability of resources (e.g., fuel).
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Satellite-based forest monitoring and CBM both provide their own advantages but are
rarely used together. Some communities involved in this project have little to no access
to the internet or no mobile phones, which slows down data collection and data curation.
However, given the context of the pandemic, and the need to actively communicate with
the PNCB, as well as that of children and young people, among others, to participate in
distance learning, many communities allocated part of their economic funds to install a
private satellite internet service.

There is a need for more active data transfer building and increased capacity. This
can be facilitated by providing people with mobile devices and systems that use offline
maps and more standardized data collection [36]. The gap in spatial accuracy can also be
bridged by providing more accurate devices and using offline maps, which can additionally
improve temporal accuracy [37,38]. It must also be considered that communities must
register their scope so that the NRT systems can periodically provide data. If they do not
register, they depend on third persons to provide them with this information, which again
results in delay and another potential source of error.

5.2. Review on the Data and Their Use

Some of the observations included incomplete or misspelled coordinates, which was
likely due to difficulties recording UTM coordinates manually in the field. These errors
could be counteracted by using digital or mobile devices with GPS that automatically
record the coordinates in a standardized way. Additionally, the field data did not seem to
have been summarized in a uniform or systematic format in the regional offices, which
poses a challenge for effective centralization and data analysis on a national level.

It should be noted that land use observations, such as plantations, can result from
recent forest changes, and there is therefore an ambiguity between these two categories. It
would be helpful if field observations could include an indication on how recent the land
use was, to enable estimation of when the forest change (if any) occurred.

When examining the temporal detail, the most complete dataset was for the year 2016,
during the fieldwork of this study. It is possible that there has been alert-driven monitoring
after 2016 and there were some obstacles in the information chain. It could also indicate a
lack of communication, centralization, and transparency between agencies [25]. Before 2019,
the PNCB partner communities only sporadically recorded information monitored in the
field, as of 2018 the PNCB has requested this data more rigorously. The relatively large time
lag between generated alerts and generated ground observations showed that, particular
with paper-based monitoring, there is room for improvement. It seems to take a long time
for information to reach remote areas and the community. This could be overcome by
integration of a unified mobile system.

Spatial analysis showed that all field observations were within 4 km of the closest
satellite-based alert. However, many observations fell to the same observation point. The
response to satellite-based alert signals varied per community. The communities of Puerto
Davis and Platanillo de Getarine have not spread the distance of their alerts, which means
that all ground observations were from the same locations as the satellite-based alerts. This
also applies to a fraction of the observations of all other communities. From this we can
conclude that many observations were a direct reaction to the satellite-based alerts.

There was a clear difference between the thematic detail of CBM monitoring vs.
satellite-based alerts. It is evident that the characterization of drivers of deforestation was
more detailed in the CBM observations, with nine different drivers versus five drivers in
satellite-based alerts. Furthermore, in the satellite-based alerts a large proportion (76.4%)
were characterized as new plantations, while in the CBM observations only 42.3% were
characterized as open plantation, and 26.8% were characterized as undefined. Due to
the on-the-ground knowledge of the vigilance committees’ members, it is likely that the
characterizations of the CBM observations were more accurate than the satellite-based alert
characterizations [25]. Focusing the national efforts of PNCB more onto the training of the
communities, providing an improved payment scheme, and extending the vigilance com-
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mittees might help to integrate more alert-driven monitoring into the program. Providing
communities with more access to resources by expanding payment schemes could help
to expand monitoring approaches, which in turn might help some communities to switch
from routine monitoring to alert-driven monitoring. This is confirmed by the data collected
in the field.

Additionally, it is evident that the only regions that provided information on alert-
driven monitoring were Pasco and, to a lesser extent, Junin and Loreto. However, we cannot
conclude that other regions were not using alert-driven monitoring. It can similarly be
suggested that more data was collected by other communities via paper-based alert-driven
monitoring, but not processed at local or regional level. This may be another indication
that a paper-based monitoring approach can lead to loss of data and to barriers in the
data-collection chain.

5.3. Operational Sustainability and Scalability of the Program

It is evident that while there has been a high progress in NRT satellite-based techniques,
including deforestation alerts [39,40], the application and operational sustainability of CBM
leaves some progress to be desired. This can be seen by the big difference in observations of
routine monitoring and alert-driven monitoring. Only the latter combines CBM and NRT
satellite-based data to report on forest change. It is important to fill the gap and progress
to a fully functioning integrated forest-monitoring system, using CBM alongside NRT
satellite-based data. CBM is a potentially effective way to link satellite-based alert systems
in action, providing crucial information on the drivers of deforestation and at the same
time verifying NRT satellite-based alerts. It is also a way to directly engage communities,
which has many benefits.

Routine monitoring can lead to bias due to selected factors that influence the monitor-
ing routes. It might lead to an overrepresentation of deforested areas, since more accessible
areas are more likely to be deforested. Similarly, it can lead to underrepresentation due
to neglect of other areas further away. On the other hand, routine monitoring also gives
communities a sense of autonomy by basing their decisions where to go on their current
knowledge, informal communications, and spatial knowledge of the area.

Alert-driven acquired observation provides better data on land use, increased response
rates, and targeted monitoring. However, communities reacted differently to alerts. Even
though in theory, alert-driven monitoring is expected to perform better, there exist certain
logistical issues that must be addressed. These include coordination with the offices of the
PNCB, obtaining internet connection in remote areas, receiving the alerts and printing then,
and overwriting the location into the GPS, which can be sources of errors. This explains
the higher amount of data generated in routine monitoring. Moreover, mobile devices
have significant potential to improve the monitoring system by facilitating accuracy and
centralization of the field data collected. The communities that used a mobile device for
data collection all had a higher number of alert-driven monitoring observations.

Limited attention has been paid to local communities and their motivations to partici-
pate in forest monitoring programs [28,41–43], which may have contributed to the lack of
participation in some communities and the differences in numbers of reports across com-
munities. There seems to be no uniform way to apply local consultation in the development
of CBM schemes. Cultural sensitivity and understanding of the interests and motivations
for participation among local communities are very important for successful implemen-
tation of an integrated NFMS [44]. Understanding the motivations for communities to
participate, particularly in the long term, is vital for the sustainability of such programs
and conclusively reaching climate goals and REDD+ objectives [45].

As key players in the protection of forests, communities should be able to adjust the
PNCB to their own needs by choosing their own level of security of data collection and
transmission, and to design or co-design the forms used to collect data. We encourage a
transparent and flexible forest monitoring system that includes different incentive schemes,
respects the autonomy and consent of communities, and includes different standards to
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choose from. In practice that could include community-owned equipment and infrastruc-
ture to store, analyze, and direct their actions based on the digital information they gather
and own. This could be in the form of communal or intercommunal technology hubs led
by indigenous organizations of the region.

6. Conclusions
6.1. Conclusions

Peru’s PCNB is a noteworthy national initiative with the goal of establishing a
community-based forest monitoring program that is alert-driven and contributes exten-
sively to the REDD+ scheme. It is unique in its multi-level communication, the CBM data is
rich in providing the process and drivers of forest change, and has great potential for future
forest conservation program development and implementation. With 1180 data points
collected from 45 different communities and 445 satellite-based alerts distributed by the
PNCB, we clearly see a broad participation of community members as well as instances of
the government sending alerts. The CBM data comprise higher thematic detail then the
satellite-based alerts and give more insights into the dynamics of deforestation in the area.
Those satellite-based alerts can be used to locate deforested areas, and an aim-oriented and
efficient monitoring system could be implemented.

However, some challenges have yet to be overcome. While commending the introduc-
tion of this national multilevel forest monitoring system, we discovered some shortcomings
concerning transparency, citizen participation, data quality, data flow, and standardization.
For successful implementation it is important that a uniform system exists, and that the
communication between government agencies and the communities’ vigilance committees
works in a time-efficient and transparent manner. To ensure community participation
and trust, the payment scheme should be broadened, and the members of the vigilance
committees should be compensated according to their contributions in the field. As stated
by Kowler et al. [25], vigilance committee activity in forest conservation takes members
from their daily work and thus reduces their income significantly.

6.2. Outlook

We recommend increasing the effectiveness of forest monitoring programs by extend-
ing the efforts and resources put into these. Building and maintaining trust and incentive
schemes are key points for sustainability of any program including communities and
government agencies across different levels. Thus, it is suggested that communities’ incen-
tives are kept in check and community members compensated appropriately and fairly,
according to the effort and risks taken during forest monitoring. Furthermore, we suggest
moving to a unified monitoring approach that integrates routine and alert-driven monitor-
ing, using mobile devices for data collection. This involves a need for further development
and deployment of software, services, and applications that can help to ensure citizen
participation and interaction in the data collection process. It can further improve data
quality, transparency, and data flow. Concrete steps on follow-up actions can include:

1. Improving policy on alert-driven monitoring and facilitating effective and efficient
distribution to communities;

2. Limiting interaction with data points between PNCB, vigilance committees, and
communities involved with data manipulation, to remove the introduction of error;

3. Moving from paper-based to mobile-based monitoring, to avoid ambiguity in data
collection;

4. Engaging more communities to take part in the project and incorporating their experi-
ences.
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Appendix A. Format of Alert Verification

Figure A1. Cont.
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Figure A1. Deforestation alert verification format.
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Appendix B. Filled-in Report

Figure A2. Monitoring report N◦. 01–2019 in the communal forest for conservation from the native
community: Orejones.
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