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Introduction

1.1. Background
About one third of the earth’s land surface is covered by forests and almost half of
the forest area is located in the tropics (Gullison et al. 2007; Olson et al. 2001).
More than 300 million people are directly dependent on these forests and their
resources (Sunderlin et al. 2005). Tropical forests offer several ecological, social
and economic services to humankind (Bonan 2008; Sunderlin et al. 2005) and
provide shelter for a high proportion of global biodiversity. Additionally, tropical
forests play critical roles in the regulation of the world’s climate through
exchanges of energy, water, carbon dioxide (CO2) and other chemicals (Bonan
2008). During the last decade the loss of tropical forests has increased significantly
with a rate of approximately 2.1x105 hectares per year (Hansen et al. 2013). These
losses are mainly due to deforestation and forest degradation, and are recognised as
a major cause of recent increases in anthropogenic greenhouse gases in the
atmosphere. The latter influences various aspects of the Earth ecosystems,
including global warming and changes in the world's hydrological cycle (Bonan
2008; Hansen et al. 2013).
To address this issue, the United Nations Framework Convention on Climate
Change (UNFCCC) has proposed a new international carbon trade mechanism,
named Reducing Emissions from Deforestation and Degradation (REDD+), in the
developing countries to reduce global greenhouse gases (Sanz-Sanchez et al. 2013;
UNFCCC 2009). For the implementation of such mechanism, various approaches
(Herold and Skutsch 2011; Olander et al. 2011) have been applied in different
countries, which involve effective monitoring of forests. Recent approaches that
include the participation of local communities in forest monitoring and
management have offered several benefits, which include (Conrad and Hilchey
2011; Larrazábal et al. 2012):
1) Using local knowledge: Local communities have in-depth understanding
of local forests. They can provide access to indigenous knowledge systems
which can be used for sustainable forest management.
2) Communities are “on the spot”: Generally, communities have access to
the areas to be monitored, and can perform regular field visits with less
time and use of fewer resources, as compared to surveys carried out by
external experts.
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3) Involvement of communities: Effective implementation of approaches
related to forest monitoring and management needs engagement of the
local communities, which increases their sense of ownership and
responsibility. Active involvement of communities in monitoring process
may promote long-term sustainability of the REDD+ program.
During the last few decades, more than 200 million hectares of forest in 60
countries have been transferred to some form of community forest management
regime (Agrawal et al. 2008; Sunderlin et al. 2008). Several studies have shown
that forest monitoring and management activities carried out by the local people,
communities and non-experts not only provide an additional level of data and
information, but also promote the sustainability of local implementation plans at a
wider level (Garcia and Lescuyer 2008; Whitelaw et al. 2003). Hence, direct
involvement of communities have a high potential in effective monitoring and
management of forests and usage of related resources.
The potential needs and benefits to engage local communities and indigenous
groups in forest monitoring and management have been widely acknowledged in
literatures (Danielsen et al. 2005; Danielsen et al. 2011; Fry 2011; Lawlor et al.
2013; Skutsch and Solis 2011; Skutsch et al. 2014). Despite these potentials, the
effective implementation of community-based forest monitoring system is
currently lacking due to two reasons: 1) the roles, responsibilities and (national)
priorities for integrating community-based monitoring in national forest
monitoring systems is unclear and 2) tools that can support local communities to
explore opportunities and facilitate forest monitoring are still scarce.
This thesis addresses these two issues in an integrated nature by proposing
technical solutions (computer and geo-information science) and assessing the
capacities and needs of communities in the developing countries in a REDD+
implementation and forest monitoring context.
This chapter is further structured as follows: Section 1.2 provides UNFCCC
context, requirements and existing methods for tropical forest monitoring. Section
1.3 describes the emerging role of mobile technology in tropical forest monitoring.
Section 1.4 outlines the research gap and research questions of this work. Finally,
Section 1.5 presents the outline of this thesis and potential future research
activities.
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1.2. UNFCCC context and requirements
REDD+ is a recent UNFCCC endorsed mechanism aiming to mitigate global
climate change. The REDD+ mechanism includes reducing emissions from
deforestation and forest degradation, forest enhancement, sustainable forest
management and conservation (Danielsen et al. 2011; UNFCCC 2010a). Along
with an important step towards reducing emissions from greenhouse gases,
REDD+ also includes considerations for co-benefits, safeguards for biodiversity
protection, sustainable livelihoods for local communities and the potential role of
communities in monitoring efforts (Danielsen et al. 2011; Sanz-Sanchez et al.
2013; UNFCCC 2010a, 2013).
Nations participating in the REDD+ mechanism are required to establish a reliable,
transparent and credible system of Measuring, Reporting and Verifying (MRV)
changes in forest areas and forest carbon stocks (Herold and Skutsch 2008). Such
nations should identify the drivers of deforestation and forest degradation which
cause the forest carbon changes and should establish reference levels (Hosonuma
et al. 2012; Umemiya et al. 2010). The national capacities for MRV should be
developed in order to fill the gap between the existing national forest monitoring
system and the requirements of the REDD+ MRV system (GOFC-GOLD 2014;
Romijn et al. 2012). Each nation should establish an effective, efficient and
sustainable institutional and implementation framework. The basic requirements of
a national framework for MRV perspective are:
1) Coordination: Each nation should establish high-level coordination and
cooperation mechanisms linking forest carbon MRV and national policy for
REDD+. Furthermore, there should be specific roles and responsibilities for
all other monitoring units (e.g., subnational, local level) (Kashwan and
Holahan 2014; Wertz-Kanounnikoff and Angelsen 2009).
2) Measuring and monitoring: It is essential for each nation to develop a
protocol and technical guidelines for acquiring and analysing different types
of forest carbon and change data on national and subnational levels (DeVries
and Herold 2013).
3) Reporting: Each nation should follow the Intergovernmental Panel on
Climate Change (IPCC) Good Practice Guidelines and Guidance for
reporting at the international level (IPCC 2006).
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4) Verification: Verification is obligatory for the long-term effectiveness of
REDD+ actions on different levels. It should be done by an independent
body (Joseph et al. 2013).
Countries participating in REDD+ are requested to develop and implement
efficient approaches to estimate their emissions (DeFries et al. 2007; Ramankutty
et al. 2007). A simplified approach for calculating carbon emissions is as follows
(GOFC-GOLD 2014; IPCC 2006):
Emission = Σ (Activity x Emission factor)

(1.1)

Here, an activity is defined as the magnitude of human activity resulting in
emissions or removals. In case of deforestation, forestation, forest degradation and
forest enhancements, the activity refers to a forest area change (generally measured
in hectares) and an emission factor is defined as the emission or removal of
greenhouse gases per unit area (generally expressed in tons of CO2 equivalents per
hectare) (IPCC 2006). This factor is derived from assessments of the changes in
carbon stocks in various forest carbon pools. The IPCC provides a three ‘tier’
approach for the monitoring and reporting of activity data and emission factor.
Tier 1 estimates are based on coarse resolution land area data (pertaining to land
use and land use change) paired with global default carbon stock values for each
land category. Tier 2 expands on Tier 1 and provides estimates based on country
specific carbon stock data and higher resolution land area data. Finally, Tier 3
requires more complete and accurate estimates, based on high resolution land area
data and calculation of locally specific carbon stock data, including process based
models for temporal variability and dynamics between carbon pools estimation and
reporting (IPCC 2006). Moving from Tier 1 to Tier 3 increases the accuracy and
precision of the estimates, but also increases the complexity and the costs of
monitoring.

1.2.1.

Earth observations for tropical forest monitoring

Since 1972, remote sensing technologies are constantly evolving in terms of
available satellite and data acquisition sensors for earth observations (De Sy et al.
2012). Notably, several remote sensing satellites such as the Moderate Resolution
Imaging Spectroradiometer (MODIS) and Landsat offer opportunities for forest
monitoring by providing timely and consistent spatial data (Achard et al. 2010; De
Sy et al. 2012; GOFC-GOLD 2014). In addition, the use of commercial satellites
5
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(e.g., RapidEye, SPOT) in forest monitoring application has increased
considerably in recent years. These satellites are currently considered as the
principal data sources to calculate forest area change, rates of deforestation; and to
establish baselines for national forest area change databases (Achard et al. 2010;
De Sy et al. 2012; DeVries and Herold 2013). Table 1.1 provides a synthesis of the
utility of remote sensing sensors at multiple resolutions for forest monitoring.
Table 1.1 Utility of earth observation sensors at multiple resolutions for forest monitoring
[adapted from (GOFC-GOLD 2014)].
Sensor
Minimum
Cost
Utility for monitoring
resolution
mapping unit
Consistent
pan-tropical
annual
monitoring
to
Course resolution
identify large clearings and
10-100 ha
Free or low
(250-1000 m)
locate hotspots for further
analysis with medium
resolution data
Medium
Primary tool to map
Free and low
resolution
0.5-5 ha
deforestation and estimate
(10-60 m)
area change
Used for validation of
results
from
coarser
High to very
High resolution
< 0.1 ha
high ($2 – 30
resolution analysis and
( < 5 m)
per km2)
training of algorithms

Deforestation is defined as the conversion of forested land to non-forested land
(UNFCCC 2010a). The availability of dense remote sensing time-series data and
analysis methods are considered beneficial at national scales to monitor
deforestation (Bocher et al. 2012; Li et al. 2015; Wulder et al. 2012). In particular,
USGS open data policies and advancements of big data processing environments
such as Google Earth Engine (https://earthengine.google.org/) have enabled
researchers to process large amounts of remote sensing data and detect the
deforestation at a global scale (Hansen et al. 2013). Recently, efforts have been
made to establish an operational wall-to-wall near real-time (NRT) forest
monitoring system (Wheeler et al. 2014). These efforts include the use of optical
remote sensing satellites such as MODIS and Landsat (Anderson et al. 2005;
Lynch et al. 2013; Shimabukuro et al. 2007; Xin et al. 2013). NRT systems
6
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contribute to better forest management allowing governments and local
stakeholders to take action to avoid or to reduce illegal activities and enhance the
transparency in the use of forest resources.
Optical remote sensing data are known to have limitations to detect low level
forest degradation (Achard et al. 2010; Skutsch et al. 2011; Vargas et al. 2013).
These degradation processes generally take place underneath the forest canopy and
are not detectable using optical remote sensing data until canopy openings begin to
appear. High resolution satellite imagery such as Ikonos, Quick Bird and RapidEye
are able to small openings (e.g., 1 m) and therefore can better detect low-intensity
forest degradation (Dons et al. 2015; GOFC-GOLD 2014). However, acquisition
cost, cloud cover, seasonality and the limited temporal resolution of these
observations compared to the processes to be observed limit their application in the
tropics. Synthetic Aperture Radar satellites can alleviate the substantial limitations
of optical data in persistently cloudy parts of the tropics but these satellites are
currently not operational for tropical forest monitoring over large areas (Reiche
2015). Furthermore, enhancing the interpretation of these remote sensing analysis
require substantial ground verification and validation (Strahler et al. 2006).

1.2.2.

Community-based monitoring

About 22% of the world’s forest area is under community forest management
programs (White and Martin 2002). The engagement and participation of local
communities and indigenous people within the design and implementation of forest
monitoring process have been a key focus of the UNFCCC negotiation process
(UNFCCC 2010a, 2013).
Community-based monitoring (CBM) has been described in literatures using
several terms such as citizen science, crowdsourcing or volunteered geographic
information and participatory monitoring (Connors et al. 2012; Conrad and
Hilchey 2011; Danielsen et al. 2005; Danielsen et al. 2011; Fry 2011;
Schepaschenko et al. 2015). Danielson et al. (2009) have identified five categories
of CBM schemes: 1) externally driven, professionally executed monitoring, 2)
externally driven monitoring with local data collectors, 3) collaborative monitoring
with external data interpretation, 4) collaborative monitoring with local data
interpretation and 5) autonomous local monitoring. Within the REDD+ contexts,
countries should identify the appropriate monitoring scheme and provide adequate
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financial and human resource over a suitable time frame for the effective
implementation of the chosen scheme.
The common goal of CBM is to engage local communities in the collection and
even interpretation of forest monitoring data. Community collected forest
monitoring data can be broadly classified in two main categories: 1) forest carbon
stock measurements for emission factors and 2) forest change monitoring for
activity data. Results from well-designed forest carbon measurement studies in
developing countries like Nepal, Tanzania, Cameroon, India, Mexico and Guyana
(Bellfield et al. 2015; Burgess et al. 2010; McCall and Minang 2005; Nagendra et
al. 2010; Shrestha et al. 2014; Torres et al. 2015) have demonstrated that datasets
acquired by local communities concerning diameter at breast height (DBH) and
tree density are comparable to professional measurements, while being cheaper to
obtain. Brofeldt el al. (2014) found that the accuracy of these local data sets
improve notably over time through repeated measurements.
Few studies (Bellfield et al. 2015; Danielsen et al. 2011; Fry 2011; Skutsch et al.
2011) have demonstrated that CBM can play a useful role for assessing locally
driven and small scale forest change activities (deforestation, forest degradation or
reforestation). The impacts of these activities are rarely captured accurately in
national databases or remote sensing studies (GOFC-GOLD 2014). In these cases,
data acquired by communities are often essential and can include reporting on
location, time, size, type and proximate drivers of the change events. Furthermore,
CBM can also be applied in tracking the change processes and reporting on local
REDD+ implementation activities (Skutsch et al. 2011). Thus, while remote
sensing techniques are the main tools used at the national level to detect
deforestation, local level community data can be an important input to analyse
small scale deforestation and low-intensity degradation events. Furthermore, CBM
can help to verify remote sensing estimates and to signal new changes even before
the remote sensing data have been acquired (Skutsch et al. 2011). The CBM
schemes not only leverage effort in data collection (Skutsch and McCall 2012), but
also promote public participation to achieve government goals, empowering local
communities to improve their livelihoods, establish ‘ownership’ of carbon savings
and provide sustainable forest management (Danielsen et al. 2005; Larrazábal et al.
2012). Hence, local participation within monitoring programs holds promises for
many developing countries, where forest monitoring data are typically scarce and
conservation measures are urgently needed (Skutsch et al. 2014).
8
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1.3. Emerging role of mobile technology
Recently, rapid developments in technology have brought unexpected growth in
mobile device access and connectivity around the world. With decreasing prices,
an increasing proportion of the world’s population can afford a modern mobile
device. As shown in Figure 1.1, currently there are more than 5 billion mobile
cellular subscriptions with approximately 90 subscriptions per 100 inhabitants in
developing countries (I.T.U. 2015). The ubiquity of mobile devices and the
increasing wealth of device capabilities such as a global positioning system (GPS)
receiver, camera, microphone, data storage and network data transfer are giving
rise to a new research domain for human sensors in-situ measurements (Ferster and
Coops 2013; Georgiadou et al. 2014).
Several researchers (Aanensen et al. 2009; Ferster and Coops 2013; Goodchild
2007; Parr et al. 2002) have viewed mobile devices as embedded sensors with the
potential to take measurements of forest carbon and forest related change activities
at the community level mainly for two reasons. Firstly, a mobile device supports
mobility allowing community participants to immediately record a measurement.
Secondly, the implementation of a mobile based data collection approach has
become cost effective and sustainable thanks to the decreasing cost of the devices
(I.T.U. 2015). Simple datasets collected with handheld devices such as tree
density, DBH, forest changes and human activities affecting forest carbon are the
variables that can be efficiently monitored by communities (Skutsch and Ba 2010).
Furthermore, the advancement in geospatial technologies such as Web-GIS, spatial
database and social media have allowed to better store, map and communicate
forest monitoring information with local communities (Diga and Kelleher 2009;
Newman et al. 2011). Hence, the combined use of mobile devices and geospatial
technologies can significantly enhance the CBM data collection process for
tropical forest monitoring.
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Figure1.1 Global mobile cellular subscriptions [Source: ITU World Telecommunication
/ICT Indicators database (I.T.U. 2015)].

1.4. Problem definition
Local participation to forest monitoring activities can provide a substantial
contribution to the successful implementation of the REDD+ mechanism. However,
the use of locally collected data for forest monitoring purpose is limited due to
several reasons.
Firstly, rules for forest monitoring and reporting requirements are decided at
international (under the UNFCCC) or national level while CBM experiences have
been carried out with local scope. The link between national and local efforts
remains largely unknown and unstudied. Secondly, there is a lack of practical and
“easy-to-use” tools to stimulate and involve local participation in forest monitoring
data collection, transmission and visualization process. Thirdly, the use of locally
collected data is limited due to: lack of confidence in the data collection procedure,
inconsistent monitoring frequency, limited spatial coverage, variable data quality and
lack of trust of data providers (Fry 2011; Hayes and Persha 2010; Larrazábal et al.
2012).
To this end, there is a necessity for systematically developed methods and quality
control mechanisms for CBM. The proposed research is based on theoretical and
practical perspectives for national MRV and lessons learned from policymakers for
REDD+ implementation at local levels. Emerging mobile technologies, such as
smartphones and personal digital assistant (PDA) incorporated with user friendly
10
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applications, may facilitate data collection for local communities. Furthermore,
professional field measurements, medium and high resolution remote sensing
satellite images, Web-GIS and social media may offer opportunities to resolve the
above mentioned limitations of CBM.
This thesis addresses the shortcomings of CBM by proposing technical solutions
(computer and geo-information science) and assessing the capacities and needs of
communities in developing countries within a REDD+ and forest monitoring
context. The following four research questions are answered in this PhD thesis:
1) What are the potentials to link community-based efforts to the national
forest monitoring system?
2) How can information and communication technologies (ICTs) support the
automation of the community data collection process for monitoring forest
carbon stocks and change activities using modern handheld devices?
3) What is the accuracy and compatibility of community collected data
compared to other data (e.g., optical remote sensing and expert field
measurements) for quantifying forest carbon stocks and changes?
4) What is a suitable design for an interactive remote sensing and communitybased near real-time forest change monitoring system and how can such a
system be operationalized?

1.5. Thesis outline
This thesis consists of four main chapters, each addressing one of the research
questions presented in section 1.4. The outline of this thesis in terms of chapters is
depicted in Figure 1.2.
Chapter 2 addresses research question 1 by reviewing scientific literature to better
define the role and technical conditions under which CBM can contribute to national
forest monitoring systems. We developed a conceptual framework for linking local
and national monitoring system.
Chapter 3 explores research question 2 by designing an integrated system based on
mobile devices that streamlines the community-based forest monitoring data
collection, transmission and visualization process. The developed system was tested
in Tra Bui commune (Quang Nam province, Central Vietnam) where the
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performance of the local community was evaluated against professional expert
measurements and visual analysis of high resolution SPOT images.
Chapter 4 demonstrates research question 3 by assessing the accuracy and
complementarity of community collected forest monitoring data (mostly activity data
related to forest change) with professional ground measurements and high resolution
SPOT and RapidEye satellite images using spatial, temporal and thematic data
quality factors.
Chapter 5 addresses research question 4 by describing the design and
implementation of an interactive web-based near real-time forest monitoring system
and evaluating its usability in the UNESCO Kafa Biosphere Reserve in
Southwestern Ethiopia.
Chapter 6 discusses the findings for each research question in a broader context. It
also presents the reflection and outlook based on the results obtained in this PhD
research and suggestions for further research.

Chapter 1 (Introduction)
Chapter 2
(Linking community-based and
national forest monitoring )
Chapter 3
(Mobile devices for communityChapter 4
based forest monitoring)
(Combining satellite data and
community-based observations
for forest monitoring)
Chapter 5
(Design and implementation of an
interactive near real-time forest
monitoring system)
Chapter 6 (Synthesis)
Figure 1.2 Overview of the chapters of this thesis.
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Abstract
Countries participating in REDD+ schemes are required to establish a national
monitoring system that keeps track of forest carbon changes over time.
Community-based monitoring (CBM) can be useful for tracking locally driven
forest change activities and their impacts. In this chapter, we review some of the
key issues regarding CBM and options to link CBM and national forest monitoring
systems. More specifically, we highlight the importance of local drivers of
deforestation and degradation and, thus, the relevance of community involvement
in REDD+ implementation and monitoring; we review the scientific literature to
better define the role and technical conditions under which CBM can contribute to
national level monitoring; we develop a conceptual framework for linking local
and national monitoring; and we analyse and synthesize 28 REDD+ country
approaches to CBM. Finally, we provide recommendations for integrating CBM
data into national monitoring systems.
Keywords: REDD+; MRV; community-based monitoring; remote sensing; carbon
stock
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2.1. Introduction
The Intergovernmental Panel on Climate Change (IPCC) has demonstrated that
tropical deforestation and forest degradation (D&FD) generate a significant
contribution to the increase of GHGs in the atmosphere (Solomon et al. 2007). In
response to this, the UNFCCC is negotiating the details of a mechanism for REDD
and enhancing forest carbon stocks in developing countries (REDD+) (Gullison et
al. 2007). Currently, REDD+ includes five key activities, namely: reducing
deforestation, reducing degradation, enhancing forest carbon stocks, sustainable
management of forests and their conservation (Danielsen et al. 2011; UNFCCC
2010a). In addition to being an important step towards reducing emissions of
GHGs, the UNFCCC REDD+ policy proposals include the issues of co-benefits
and safeguards for biodiversity protection, sustainable livelihoods for local
communities and the potential role of communities in monitoring efforts
(Danielsen et al. 2011; UNFCCC 2010a).
Countries wishing to participate in the international REDD+ mechanism will be
required to establish a reliable, transparent and credible system of measuring,
reporting and verification (MRV) of changes in forest areas and forest carbon
stocks by REDD+ activities (Herold and Skutsch 2009). The key to MRV is a
consistent monitoring system, which keeps track of these changes over time.
Countries are further asked to identify the drivers of D&FD that cause the forest
carbon changes, and they should establish reference levels, building upon available
data while taking into account national circumstances and the anticipated impact of
REDD+ implementation activities (Pearson et al. 2006). Involving communities,
local expert groups and civil society in REDD+ related forest monitoring is
important, not only in providing additional local data, but also in establishing a
mechanism by which the broader public may be engaged in the REDD+
implementation process, particularly given the prospect of compensations and
credits for carbon and other environmental services, and the need for benefit
sharing (Patenaude et al. 2004; Topp-Jørgensen et al. 2005; UNFCCC 2010a).
A variety of practical experiences from countries such as Nepal, Tanzania,
Cameroon, India and Mexico have demonstrated that local communities can play a
vital role in forest monitoring and management programs (Cochran 1946;
Danielsen et al. 2011; Huang et al. 2011). Community-based monitoring (CBM) is
15
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of particular relevance in tracking locally driven change activities and causes of
small scale forest degradation; for example, subsistence fuelwood collection,
charcoal extraction and grazing in the forest. The impacts of these activities are
rarely captured accurately in national inventory databases of developing countries
or in commonly available remote sensing data sources (Achard et al. 2012;
Ahrends et al. 2010; GOFC-GOLD 2014; Romijn et al. 2012). In these cases, data
acquired by local people can include incidences of change events as well as their
drivers, targeted ground measurements on forest carbon stock changes, and for
tracking and reporting on local REDD+ implementation activities in the long-term
(Danielsen et al. 2010; Danielsen et al. 2011; Fry 2011). Several analogous cases
of community environmental monitoring have been reported in Canada (Sharpe
and Conrad 2006; Whitelaw et al. 2003), the USA (Keough and Blahna 2006) and
in other areas across the globe, indicating that CBM efforts are making an impact
(Conrad and Hilchey 2011; Sultana and Abeyasekera 2008).
Despite the potential, CBM for REDD+ still faces challenges. First, rules for
REDD+ implementation (under the UNFCCC) speak of national level estimation
and reporting requirements, while the CBM experiences so far have been of local
scope. The link between national and local efforts remains largely unknown and
unstudied; for example, the use of locally collected data is still challenged by the
lack of suitable and agreed data collection protocols (Fry 2011). Second, practical
approaches to stimulating and integrating community acquired data in national
REDD+ monitoring will likely work best if targeted and optimized for specific
country and regional circumstances, taking into account the existing monitoring
capacities, the drivers and types of ongoing D&FD processes, the existing roles
and experiences of communities in forest management and conservation, and
(national) priorities for REDD+ implementation activities. However, very little is
known about these variables yet, and the long-term success of local monitoring
programs will depend in part on sociocultural conditions as well as the sustained
technical capabilities of the community members. Third, CBM acquired data
streams are sometimes challenged on the grounds that they do not have the quality,
consistency and credibility of centrally generated data, although CBM data has
rarely been formally assessed against data from professional forest inventories or
remote sensing data at national level, despite the increasing number of local case
studies. A few studies have shown that CBM data at project level is not
significantly different from ‘expert’ data at this level but in a national REDD+
16
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program there is also a need for consistency of CBM data between different parts
of the country (Coops et al. 2004; Skutsch and Solis 2011).
In this chapter, we review some of the key issues and options available to better
link CBM and national REDD+ monitoring, starting from the national perspective.
More specifically, we:
• Describe the importance of local drivers of D&FD from a REDD+
implementation perspective, to highlight the importance and relevance of
community involvement in REDD+ implementation and monitoring;
• Review the scientific literature to better define the role and technical
conditions under which CBM can contribute a dedicated and independent
stream of measuring and monitoring data to national level monitoring
efforts;
• Develop a conceptual framework and discuss the key technical issues
involved in linking local and national monitoring efforts;
• Analyse and synthesize the status of REDD+ country approaches in
regards to CBM, based on a review of 28 readiness preparation proposals
(R-PP) to the World Bank Forest Carbon Partnership Facility (FCPF).
Based on this assessment, we draw conclusions and recommendations for
enhancing REDD+ monitoring with the formal integration of community
acquired data into national MRV systems.
The review and assessments provided in these four sections are made from the
broad perspective of likely requirements for MRV under international REDD+
policy, taking into account technical issues related to data integration and
management, and we include a ‘reality check’ on how individual countries are
advancing on these issues within their national REDD+ efforts. For the literature
review, electronic databases such as Scopus, Web of Science, Google Scholar,
national and international REDD+ reports and the FCPF webpage were searched.
Search terms included ‘CBM’, ‘locally based monitoring’, ‘participatory
monitoring’, ‘capacity building’ and ‘community capacity’, combined with
‘REDD+’ or ‘MRV REDD+’. Literature from 2005 onwards (the year REDD was
first proposed) was taken into consideration.
Based on this assessment, we present conclusions and recommendations that will
help in the evolution of REDD+ monitoring and enhance the integration of
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community acquired data into REDD+ program planning under different national
circumstances and priorities.

2.2. Importance of local D&FD drivers from a national
REDD+ perspective
D&FD are caused by a variety of proximate and underlying driving forces at local,
national and global levels (Geist and Lambin 2002). Proximate drivers are human
activities that directly affect forest change, such as agricultural expansion, wood
extraction, charcoal production and livestock grazing. In the case of subsistence
land use and wood extraction, local communities act as direct actors of change.
Thus, their direct involvement in REDD+ activities is essential to plan, implement
and monitor forest change successfully. For these kinds of D&FD processes,
directly addressing local actors and drivers within REDD+ is even more critical
and relevant than for other drivers such as urban expansion, mining and other
commercial activities.
A recent study by Hosonuma et al. (2012) considered the relative importance of
different D&FD drivers in developing countries based on a synthesis of national
data. Figure 2.1 shows the contribution (relative importance) of local drivers to
D&FD. We consider subsistence agriculture a local driver of deforestation, and
charcoal and fuelwood extraction a local driver of forest degradation. Recently, it
has been argued that commercial actors play an increasingly larger role in the
expansion of agriculture into the forest, but locally driven D&FD is still a
widespread phenomenon, especially in Africa and parts of Asia (Geist and Lambin
2002). Countries that have a large proportion of locally driven forest change must
give priority to these drivers in their national strategies and, as a consequence,
must particularly consider the role of local communities. It is important that the
differences between drivers of D&FD are understood, for they are in many cases
quite distinct, as are the appropriate strategies to deal with them (Angelsen et al.
2012).
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a.

b.

Figure 2.1 Relative importance of local drivers for deforestation and forest degradation.
a) Relative importance of subsistence agriculture as local driver of deforestation.
b) Relative importance of firewood/charcoal extraction as local driver of forest
degradation. Low, medium and high importance denote that 0–33, 33–66 and 66–100% of
deforestation/degradation is locally driven, respectively (Hosonuma et al. 2012).

2.3. Importance of local communities in a national MRV
system
The specific and different drivers, actors and processes behind D&FD need to be
known, not only to determine what strategies should be included in the national
REDD+ program to combat them, but also to develop effective approaches and
methods to monitor them. Our concern here is with the potential role of CBM
within a national monitoring system, and Table 2.1 summarizes the niche for this
by looking at broad forest change processes and comparing the potential of CBM
with other approaches such as national inventories and remote sensing, for each of
these change processes. Table 2.2 evaluates the role of community acquired data
compared with other monitoring data sources.
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Table 2.1 Comparison of data sources and observation methods, and the role of
community-based monitoring for national REDD+ monitoring for different forest change
activities (Herold et al. 2011; Skutsch et al. 2011).
Potential contribution
Monitoring options at
Forest change activity
of community-based
national level
monitoring
Remote sensing,
• Acquiring/signalling
national forest
the location, time, area
inventory, monitoring
Reforestation
and type of change
through forestry
events (in near realcompanies
time)
Remote sensing,
• Ground level
Deforestation
national forest
measurements for local
inventory
implementation (i.e. of
Commercial
National forest
reforestation plots)
activities, incl.
inventory, commercial
• Independent local
selective
companies (i.e. harvest
reference for
logging
estimates), remote
national/other data
sensing
sources
Wild fire
Remote sensing,
• Acquiring/signalling
national forest
date, area and type of
inventory
change event (near
Forest
real-time)
degradation
Subsistence
Limited historical data, • Regular ground level
forest use incl.
possibly national forest
measurements and
fuelwood,
inventory
reporting of forests and
charcoal,
carbon stocks, tracking
community
growth/decrease of
forest
local activities
management
(drivers)
etc.
Increases in
carbon due to
Forest
REDD+
enhancement
activities at
project level
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2.3.1.

Community-based data in assessment of deforestation &
reforestation

As shown in Table 2.1, forest area change and associated carbon stock changes
from reforestation and deforestation are commonly monitored by remote sensing
and forest inventory data sets at national level (Herold et al. 2011). However, even
in these cases there could be important contributions from data locally sourced by
communities:
• REDD+ requires tracking forest changes resulting from human activities:
local people can help to track these changes by signalling change events
when they happen and can especially provide information on why they
happen (Skutsch et al. 2011). This information can be particularly useful
when provided on a near real-time basis;
• REDD+ requires information about long-term performance: the capacity of
communities to regularly revisit sites over long time periods means that
implementation activities can be checked and verified;
• REDD+ MRV requires consistency, accuracy, comparability and
transparency: the data and information coming from communities provides
an additional independent data source that can serve as reference and
validation for national datasets such as those originating from satelliteborne sensors (UNFCCC 2010a).
Thus, while remote sensing techniques are certainly the main tools to be used at
the national level to detect deforestation, community generated data could be an
important input to the analysis of deforestation and commercial degradation events
(Fry 2011). CBM can help to verify remote sensing estimates and to signal new
changes in near real-time (even before the remote sensing data have been made
available or analysed). Important information could include location, time, area
and type of the change events, and in particular could specify the driver of change,
since this cannot easily be identified by other means (Skutsch et al. 2011). In this
way, information acquired by communities and local experts can complement data
derived independently at the national level using more established methods such as
remote sensing.
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2.3.2.

Community-based data in the assessment of degradation &
forest enhancement

Degradation and forest enhancement assessments in many, if not most, cases
require on-the-ground measurement as the changes in stock are often quite small
on an annual basis and cannot easily be identified, let alone measured, using
remote sensing; here there may be a major role for CBM. Expert or professional
forest inventories collect ground-based measurements (e.g., tree height, diameter at
breast height [DBH] and tree species) on plots selected through a sampling design,
and use these to estimate forest carbon stocks and changes using allometric
relationships, or using a biomass expansion factor (Brown 1997) . This process is
established but requires considerable resources, time and capacity. To date, only a
few developing countries have established comprehensive forest inventories that
allow for national forest carbon stock estimates (DeFries et al. 2007). Experience
gained from studies conducted in Ghana, Tanzania (Brashares and Sam 2005;
Danielsen et al. 2011) and the Philippines (Uychiaoco et al. 2005) shows that
communities themselves can collect some forest inventory data adequately and
more cost-efficiently than professional foresters. With proper field measurement
equipment, hardware (e.g., GPS, personal digital assistant [PDA] and smart
phone), software (user friendly data forms) and training, it has been shown that
local communities can accurately measure and record basic variables such as DBH,
height, tree species and tree count. Most importantly, local communities can repeat
these measurements on a regular basis. Data collected by local communities have
proven to be of a level of accuracy comparable to that produced by professional
forest inventory staff (Skutsch et al. 2009; Verplanke and Zahabu 2009).
This may be particularly useful both to assess changes in rates of degradation with
in forests and to quantify rates of forest enhancement, particularly in areas that are
under community management. Here, it will be essential for performance reporting
in the case of local REDD+ implementation activities that are designed to address
forest degradation caused by local fuelwood collection or grazing, and to measure
the impacts of improved community forest management. Forest inventory-type
measurements for forest enhancement, for example, maybe repeated each year and
sites allocated for reforestation or sustainable management can be regularly
checked. Even a proof of ‘no change’ is an important finding to ensure that new
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activities do not negatively affect the carbon performance of REDD+
implementation activities.
Table 2.2 further shows that forest change and carbon stock data can be acquired in
many ways, from different sources. While there are preferred data sources for
different change types (Table 2.1), the fact that phenomena can be observed
independently from different data sources is important, for reasons of transparency,
assessment accuracy, studying and estimating uncertainties, and to continuously
improve the estimates at the national level.
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Communitybased
monitoring
Professional
forest
inventory

Coarse
resolution
(250-1000 m)
satellite data
Medium
resolution
(10-60 m)
satellite data
Fine
resolution
(<5 m) satellite
data
Airborne laser
scanning

Acquisition
type

+++

++

-

-

-

-

+++

++

++

++

-

-

Number
of tree
per plot

++

+

+++

+++

+++

+

Clearing for
commercial
purpose,
agriculture
forestry

++

+

+++

+++

++

-

Subsistence
Agriculture

++

+

+++

+++

+++

+

Infrastructure
expansion
(Road, mines,
urban etc.)

Deforestation Area

+++

+

++

++

+

+

Selective
logging
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-

-
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+++
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-

-

Forest
grazing

Degradation Area
Fuelwood

Quality indicator: (-): very low, (+) low, (++) medium, (+++) high; ($) low, ($$) medium, ($$$) high

+++

+++

-

+++

-

-

+

-

-

++

-

Height

-

DBH

Tree
species

Forest Inventory

+

++

++

++

++

++

Wildfire

Table 2.2 Matrix to compare and evaluate the quality of community acquired data with existing remote sensing and professional
monitoring approaches at the national level [adapted from (Achard et al. 2012; Bottcher et al. 2009; Danielsen et al. 2011; De Sy et
al. 2012; GOFC-GOLD 2014; Herold et al. 2011)].
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2.4. A conceptual framework to link local & national
monitoring
Opportunities to link local and national REDD+ monitoring are best considered
in terms of contributions and relative benefits. If both sides contribute and benefit
at the same time, a win–win situation can be created that can help to stimulate a
suitable level of collaboration. Global Observation for Forest Cover and Land
Dynamics provides some general guidance for evolving CBM and for
conceptualizing how communities can be linked to national MRV in a mutually
beneficial way (GOFC-GOLD 2014). In forming this link, it is clear that all
monitoring processes need to follow the principle of consistency, transparency,
comparability, completeness and accuracy (GOFC-GOLD 2014; IPCC 2006).
Indeed, if well organized and systematic, CBM could provide a very strong basis
for ‘nested’ systems of REDD+, allowing performance at the local or project
level to be assessed within a national system of REDD+ (Dalle et al. 2006;
Olander et al. 2011).
Figure 2.2 highlights some of the contributions and potential benefits of linking
CBM with national REDD+ MRV. Clearly, this relationship is likely to work best
in countries where the engagement of communities to address local drivers has
been identified as a key component in the national REDD+ strategy. In this case,
actors at the national level are expected to provide strategies, incentives and
policies that stimulate such community involvement in REDD+ implementation.
Existing national data (i.e. maps, remote sensing images and so on) may be
utilized (e.g., to identify areas at risk of deforestation/degradation or to identify
areas of potential forest enhancement), capacity development (both for forest
management and for monitoring) can be provided and potential revenue streams
can be identified to support local efforts. In addition, national level actors would
need to provide a data infrastructure system such that locally acquired data could
be uploaded, verified, disseminated and shared, thereby continuously improving
the national monitoring efforts. Only consistent national scale monitoring is
capable of properly accounting for the displacement of emissions (leakage), and a
national data infrastructure system can thus provide a service to local level
activities.
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International
reporting
National-level
MRV
•
•
•
•
•
•

National priorities and
strategies for local REDD+
implementation
National datasets and
streams for local use
Capacity development and
revenue stream (for MRV)
MRV guidance & standards
National data infrastructure
and quality control of local
measurements
Monitoring of leakage

•
•

•
•

REDD+ participation and
safeguards
Local data collection as
input to national monitoring
(forest inventory, regular
and near-real time tracking
of forest change events)
Performance
reporting
(long-term)
for
local
implementation activities
Independent data sources
for validation purposes

Local and
community-based
monitoring
Figure 2.2 Contributions and benefits of community-based monitoring for national
REDD+ MRV (Measuring, reporting and verification).

In order for CBM to make an important contribution to the national level
emission reporting, a number of issues need to be considered. First, there should
be a set protocol with standards and guidelines for data acquisition at community
level, since systems used by communities should be consistent across the country.
Second, communities should be made aware of the value of monitoring and
should be trained in monitoring activities and related issues. Local data such as
DBH, height, tree species and small scale degradation, deforestation and
reforestation activities can be acquired using different handheld technologies
such as smart phones, tablet personal computers and PDA devices with
integration of GPS, cameras and so on, provided these devices have user friendly
interfaces (Parr et al. 2002; Pratihast et al. 2012). Third, the national
implementing agencies would need to develop a robust system to collect and
store the locally monitored data. In brief, a national level strategy to process local
data can be summarized as follows:
• Data collection system: the national government should design a
system/protocol to collect and report CBM data. The community can
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•

•

easily provide these data to a national data repository if internet access or
wireless networks are available.
Integrating local data into national databases: national authorities should
also develop quality standards to evaluate the quality of locally collected
data and ensure overall data accuracy and consistency. Local data, if
meeting all the national requirements, can then be integrated into the
national database. The national database will be used to identify and
analyse both areas of forest cover change and carbon stock change within
forests.
Information processing and analysis: the information will be processed,
analysed and translated into estimations of emissions and removals at the
national level. The results can be reported according to the IPCC Good
Practice Guidance (IPCC 2006) to an international body for carbon
crediting.

One of the central elements of data exchange is quality control, which should be
applied both to local and national level datasets. Table 2.2 shows that there is
often more than one type of observation available for each parameter and, thus,
data should be checked and (as far as practical) validated using an independent
source. In this sense, light detection and ranging, fine resolution satellite data and
professional forest inventories can be used in selected cases to check the
monitoring provided by communities, at least on some variables. At the same
time, local data on forest change events can be used to assess the quality of
national forest area change monitoring using remote sensing. In addition, an open
exchange and universal access to data is fundamental and important to ensure the
issue of transparency.
A further aspect of CBM relates to the distribution of benefits among the many
stakeholders that may have contributed to reduced emissions. At the international
level, REDD+ is a performance-based instrument, and many observers believe
that local stakeholders within a national REDD+ program should also be
rewarded according to their carbon achievements. In practice, it is very difficult
to attribute reductions in deforestation to individual communities, not least
because this would require individual baselines, and accounting for leakage, but
forest enhancement could easily be measured by annual carbon surveys at the
local level and rewarded directly (FCPF 2010). An alternative option might be for
communities to be paid, not for their carbon achievements, but simply for
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carrying out the monitoring; for example, as part of a payment for environmental
services scheme, given that this data strengthens the national forest monitoring
system and provide a credible basis for the government to make carbon claims
internationally.
CBM for REDD+ is new and the national investment needed for developing an
institutional framework to provide technical and perhaps financial support to
local monitoring activities needs to be explored. However, there is no country
comprehensively implementing CBM schemes at the moment. Furthermore, there
is a huge capacity difference among the country participating in REDD+, so it is
difficult to assess what the national investment would be since it is dependent on
country circumstances.

2.5. Overview & status of REDD+ country approaches
The FCPF of the World Bank is a global partnership focused on helping
developing countries to develop coherent REDD+ national strategies, reference
emission levels, MRV systems and implementation plans (FCPF 2012). The
FCPF also strongly emphasizes the role of local communities in the national
REDD+ process. To date, 37 developing forest countries (14 in Africa, 15 in
Latin America and the Caribbean, and eight in Asia-Pacific regions) are
participating in the FCPF. Out of 37, 28 countries (summarized in Table A2.1 in
the Annex) have submitted their R-PP. An R-PP is a policy document submitted
to the FCPF Committee and to the UN Collaborative Program on REDD. Key
elements of the R-PP template include: readiness organization and consultation;
REDD+ strategy preparation; reference emission level; and a MRV Systems for
forests and safeguards.
A review of the proposed strategies, as outlined in their in R-PPs, of 28 FCPF
countries has been performed (Table A2.1 in the Annex) to assess community
consultation, community involvement in monitoring, community involvement in
forest management, the importance of subsistence agriculture as a driver for
deforestation and the importance of fuelwood/charcoal extraction as a driver for
degradation. Community consultation, and community involvement in
monitoring and management, can take many forms. This assessment only
considers whether any type of community consultation, CBM and forest
management were mentioned in the R-PPs. Thus, we assess whether countries
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consider these options but not if and how these activities are actually happening
in practice, since it is too early to make such an assessment. Furthermore, there is
lack of consistency regarding the status of CBM in all R-PP countries and we
need to develop common indicators and a framework for more detailed analysis,
which is beyond the scope of this chapter.
100

Low
Medium
High

% of FCPF countries

80

60

40

20

0

Community
consultation

Community
monitoring

Community
management

Community involvement

Community
monitoring and
management

Figure 2.3 Community involvement as outlined in the readiness preparation proposals of
28 countries, regarding different levels of importance of locally driven degradation
[adapted from (FCPF 2012; Hosonuma et al. 2012)].

The analysis of country efforts highlights that these countries have rather
different national circumstances and strategies to deal with them (Table A2.1 in
the Annex). Looking deeper into the link between the proposed strategies and the
importance of local drivers for degradation (Figure 2.3) shows that all 28 FCPF
countries have consulted with communities during the design phase of the R-PP
and propose their participation during the implementation of the program.
Different information sharing tools such as local newspapers, community radio
and national television were used for community consultation during the design
phase of R-PP. The relationship between CBM and/or community forest management and the importance of local drivers (e.g., fuelwood collection and charcoal
production) for degradation is not clear cut (Figure 2.3). Countries with low
importance of local drivers seem to engage more in CBM and management of
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forests than countries with high importance of local drivers for degradation
(Figure 2.1) (Hosonuma et al. 2012). This could be for several reasons. Figure 2.3
shows that community-based management is often linked to community forest
management and whether countries involve their communities in forest
monitoring might have more to do with a tradition of involving communities in
forest management than with the importance of local drivers for degradation. In
general, the link between analysis of drivers of D&FD, REDD+ strategy
development and MRV design is weak in most R-PPs (FCPF 2010).
In several of the R-PP countries, community involvement is a driving force to
improve forest management and its sustainable use (Jupp et al. 2005; Yao et al.
2011; Yoccoz et al. 2001). Some countries (in particular Mexico, Tanzania,
Vietnam and Nepal (Danielsen et al. 2011; Topp-Jørgensen et al. 2005)) are in
advanced stages of developing community-based forest management and
monitoring strategies (or systems), and have been able to demonstrate these
activities at the project level. These countries have also provided more detail on
the plans to involve local communities in monitoring and the results are presented
and compared in Table 2.3. All four countries recommend that local participation
should be based on already existing community forest management programs.
Capacity building of communities will be done through government institutions,
NGOs, academics and/or community leaders, depending on country
circumstances. Furthermore, plans to involve local people in measuring forest
parameters for above ground biomass estimation are present. However, only two
countries (Vietnam and Mexico) have also mentioned the involvement of local
communities in monitoring forest area change per management unit. Case studies
are available from Mexico, Nepal and Tanzania regarding forest carbon
measurement, whereas only one case study is available from Mexico regarding
forest degradation monitoring. All countries propose that national government
institutions will provide the overall coordination, protocol development,
information management, data evaluation and reporting to international level.
Roles for subnational or regional units are foreseen and should focus on planning
of forest area to be monitored, training material preparation, equipment lending
and distribution of funds to initiate the activities. The local level, such as local
governments and communities, is anticipated to contribute to data acquisition and
data management. There is quite some congruency in the general plans of these
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four countries, and all approach the idea with a similar perspective, presenting the
CBM concept as a two-way exchange process, outlined in Figure 2.2.
Table 2.3 Key elements of different proposals for community-based monitoring
(Danielsen et al. 2011; Shrestha 2011; Topp-Jørgensen et al. 2005; Zahabu and Malimbwi
2011).
Activity

Functional
elements

Participation in
monitoring

Responsibility for
Training and
orientation

Parameters of
measurements

Number of case studies

Coordination and
data
management

National

Forest usage
rights allocated
to communities
Government
institutions
NGO´s
Academics
Community
leader
Forest measurement for above
ground biomass
stocks
Monitoring
forest area
change per
management
unit
Carbon stocks
measurement †
Forest
degradation
monitoring ‡
Overall
coordination,
protocol
development,
information
management,
data evaluation
and reporting

Example of countries consideration
Vietnam
Mexico
Nepal Tanzania

x

x

x

x

x

x

x

x

x
x

x

x

x

x

x

x

x

x

x

0

2

2

2

0

1

0

0

x

x

x

x

x
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Activity

Functional
elements

Example of countries consideration
Vietnam
Mexico
Nepal Tanzania

Subnational /
Regional

General
coordination
planning of
forest area to be
x
monitored,
x
x
x
training,
equipment
lending and
funds to initiate
Local
Public
level
participation,
x
x
x
x
data acquisition,
data
management
†Carbon stocks measurement consists of the measurement of tree parameters; for
example, diameter at breast height, height and species for deriving above ground biomass.
‡Forest degradation monitoring represents the tracking of the area affected by forest
degradation activities that cause the changes in forest carbon stocks.

2.6. Conclusion
The main aim of this chapter was to study the prospects for enhancing the
linkages between CBM and national REDD+ monitoring. The review and
assessments provided here consider this from a national perspective, which is
commonly lacking in the literature, since studies on community monitoring
mostly consider only the local situation. The review also includes a broader
international REDD+ priorities perspective, focusing on technical considerations,
data integration and management, and provides a status check on how countries
are advancing in considering CBM in their national REDD+ efforts. Several
conclusions and recommendations can be made:
• The consideration of locally driven deforestation, and particularly forest
degradation in national strategies and REDD+ implementation, as well as
the link with the role local communities can play both in forest
monitoring and management in many FCPF countries, is not always
recognized. Information acquired by communities and local experts
constitutes an increasingly justified and independent data stream for
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•

•

•

national level monitoring, where it may be complementary to the more
traditional and established data streams. Local communities can play a
useful role in ground monitoring of degradation and forest enhancement
by measuring and monitoring forest carbon stocks, but they may also
provide useful information on deforestation by signalling its occurrence
in near real-time and its drivers (e.g., agriculture and mining). In
addition, they can provide other ground-level information on the impact
of REDD+ implementations activities on issues such as biodiversity and
equal distribution of REDD+ benefits.
Forest change and carbon stock data can be acquired in various ways and
from different sources. There are preferred sources for different forest
change types, with community acquired data being most important for
small scale forest disturbance activities (i.e. degradation) that are more
complicated to observe from other data sources. The fact that the same
phenomenon can be monitored independently from different data streams
has many advantages as regards reliability, precision and transparency,
and thus helps to continuously improve national level estimations and
reporting.
The linkage between local CBM and national level efforts requires
careful consideration of issues such as data transmission, data
infrastructures, standards and guidelines, capacity development and flow
of resources (e.g., equipment, supervision and incentives).
Implementation will be most successful and efficient if both the local and
the national level contribute and benefit at the same time, and a win–win
situation can be created that can help to stimulate a suitable level of
collaboration for integrated monitoring.
Systematically gathered and reported CBM data could form the backbone
of a nested REDD+ structure in which the efforts of different levels
(local, subnational and national) are integrated into one MRV system
(Pedroni et al. 2010). It could even form the basis for a system of benefit
sharing, since it would help determine the performance of different
communities or land owners at a local level, which could be used as the
basis for allocation of rewards or payments (Balderas Torres and Skutsch
2012).
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These results emphasize why and how it is useful for countries to build into their
MRV systems an explicit role with specified tasks for CBM. However, it is to be
recognized that monitoring capacities in many countries are still rather low and
the development of these capacities will take time and resources. So far,
dedicated country efforts (i.e. for Vietnam, Mexico, Nepal and Tanzania) have
reflected and recognized the importance and the elements of such an integrative
monitoring framework, but have not yet moved beyond including these
considerations in their general plans. It is expected that these efforts will continue
and that they could be enhanced by considering some general principles that have
been emphasized in this review:
• The role of communities could be defined for specific REDD+
monitoring efforts, carefully selected to dovetail with and support
national monitoring procedures, and this may vary from country to
country.
• CBM data could form the basis for a nested system and even for the
distribution of rewards within a national REDD+ program.
• There is a need for creating a win–win situation with the local and the
national level contributing and benefiting at the same time. Local data
streams may be integrated with other national data sources and
monitoring efforts.
• Investing in further demonstration activities and research will help to
better link the local and national monitoring in practice and for different
country circumstances.

2.7. Future perspective
Over the next 5–10 years, the involvement of local communities will be a vital
data source in REDD+ monitoring and integration with national REDD+
reporting, and implementation could create joint benefits. Advancements in
handheld devices such as smart phones and PDA devices will improve local
participation within the monitoring program. This will stimulate a near real-time
data stream from satellites and the local communities that can serve a new way of
monitoring forest carbon and its change.
To make local data useful on the national level, there are a number of key
technical issues to be addressed. There will be a need for systematically
34

Chapter 2

developed methods, common guidelines and quality control mechanisms for
CBM. Dedicated tools such as smartphones and PDA, incorporated with user
friendly applications, are required to facilitate data collection and transmission
for local communities. Furthermore, ongoing nested MRV structures are expected
to narrow the gaps of different levels (local, subnational and national) monitoring
data for effective REDD+ implementation (Balderas Torres and Skutsch 2012).
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Argentina
Cambodia
Central African
Republic
Colombia
Costa Rica
Democratic Republic
of Congo
El Salvador
Ethiopia
Ghana
Guatemala
Guyana
Honduras
Indonesia
Kenya
Lao People’s
Democratic Republic
Liberia
Madagascar
Mexico
Mozambique
Nepal
Nicaragua
Panama
Peru
Republic of Congo
Suriname
Tanzania
Uganda
Vietnam

Country

Community-based
monitoring
Yes
Yes

No
Yes
No
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
No
Yes
Yes
Yes

Community
consultation
Yes
Yes

Community forest
management
Yes
Yes

Importance of deforestation for
subsistence agriculture
Low
Low

Importance of degradation for
fuelwood/charcoal
Low
Low

Yes

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
yes
Yes
Yes

Yes
No
Yes
Yes
Yes
No
Yes
Yes
No
No
Yes
Yes
Yes

Yes

No
Yes
No
Yes
Yes
No
Yes
Yes

Yes

No
Yes

Yes

Medium
Medium
Low
Low
Medium
Medium
Low
Medium
Medium
Low
Medium
Medium
Low

Low

Low
Low
Medium
Medium
Low
Medium
Low
Low

Medium

Medium
Low

Medium

Medium
Medium
Low
Low
Medium
Medium
Low
Low
High
Medium
Medium
Medium
High

Low

Medium
High
Low
Low
Low
Low
Low
Low

High

Medium
Low

Low

Table A2.1 Status of RPP submitted countries regarding community forest management and monitoring [adapted from (FCPF
2012; Skutsch and Ba 2010)].
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Abstract
The Monitoring tropical deforestation and forest degradation is one of the central
elements for Reduced Emissions from Deforestation and Forest Degradation in
developing countries (REDD+) scheme. Current arrangements for monitoring are
based on remote sensing and field measurements. Since monitoring is the periodic
process of assessing forest stands properties with respect to reference data,
adapting the current REDD+ requirements for implementing monitoring at national
levels is a challenging task. Recently, the advancement in information and
communications technologies (ICTs) and mobile devices has enabled local
communities to monitor their forest in a basic resource setting such as no or slow
internet connection link, limited power supply, etc. Despite the potential, the use of
mobile device system for community-based monitoring (CBM) is still exceptional
and faces implementation challenges. This chapter presents an integrated data
collection system based on mobile devices that streamlines the community-based
forest monitoring data collection, transmission and visualization process. This
chapter also assesses the accuracy and reliability of CBM data and proposes a way
to fit them into national REDD+ Monitoring, Reporting and Verification (MRV)
scheme. The system performance is evaluated at Tra Bui commune, Quang Nam
province, Central Vietnam, where forest carbon and change activities were tracked.
The results show that the local community is able to provide data with accuracy
comparable to expert measurements (index of agreement greater than 0.88), but
against lower costs. Furthermore, the results confirm that communities are more
effective to monitor small scale forest degradation due to subsistence fuelwood
collection and selective logging, than high resolution remote sensing SPOT
imagery.
Keywords: mobile devices; REDD+; MRV; community-based monitoring; forest
carbon; forest change
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3.1. Introduction
Tropical forests play an important role in the global carbon cycle. Human related
destruction activities such as deforestation and forest degradation lead to
significant emissions of greenhouse gases (GHGs) in the atmosphere, resulting in
accelerated global warming (Achard et al. 2012; Eggleston et al. 2006; Gullison et
al. 2007). To mitigate this, Reduced Emissions from Deforestation and Forest
Degradation in developing countries (REDD+) has been put forward for
negotiation under the United Nations Framework Convention on Climate Change
(Herold and Skutsch 2011; Skutsch 2010; UNFCCC 2009). The recently agreed
REDD+ mechanism includes reducing deforestation and forest degradation, forest
enhancement, sustainable forest management and conservation. Besides reduction
of carbon emissions, REDD+ also provide co-benefits in terms of biodiversity and
livelihoods of the local community (Danielsen et al. 2011; Skutsch 2010).
Currently, several REDD+ financial mechanism have been suggested for forest
carbon credits including market-based mechanisms, fund-based systems, and their
combinations (Gupta 2012; Karsenty 2008). All of these mechanisms are likely to
distribute credits based on the amount of emissions reduction and to raise local
participation to support the sustainability of the REDD+ program.
In order to implement the REDD+ mechanism, each nation needs to setup an
effective, efficient and sustainable Measuring, Reporting and Verification (MRV)
system at national, sub-national and local levels (Herold and Johns 2007; Herold
and Skutsch 2009; Pratihast et al. 2013). Thus, it is important to prepare a national
MRV system from reliable, robust, transparent, creditable datasets that contribute
to effective implementation of REDD+. Remote sensing and national forest
inventory are principal data sources used to calculate forest area change, rates of
deforestation and degradation, and are hence used to establish baseline reference
emission levels (Angelsen 2008). However, national forest inventories are often
outdated and inconsistent because they lack adequate financial support as well as
technical and skilled human resources to acquire and update the data. Communitybased monitoring (CBM) is an alternative and effective way to reduce costs and to
increase the reliability of forest monitoring data (Bowler et al. 2011; Burgess et al.
2010; Phelps et al. 2010). CBM can play a useful role for monitoring locallydriven change activities and small scale forest degradation due to, for example,
subsistence fuelwood collection, charcoal extraction and grazing in the forest
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(Herold and Johns 2007; Hosonuma et al. 2012; Skutsch and Solis 2011). The
impacts of these activities are rarely captured accurately in national databases or
observed in remotely sensed imagery (GOFC-GOLD 2014). Data acquired by
communities can include reporting on incidence of change events as well as
ground measurements on carbon stock changes, which are essential for REDD+
reporting at national level (Danielsen et al. 2011; Fry 2011). Furthermore, CBM
can also create a strong local commitment to protect forests and biodiversity
augment the chance to succeed in REDD+.
Mobile devices such as smart phones and personal digital assistants (PDA) have
shown great potential to increase the local participation in data collection processes
and hence, contribute to the effective implementation of CBM. Practical
experiences from developing countries such as Nepal, Tanzania, Cameroon, India,
and Mexico have demonstrated that local communities can play an essential role in
acquiring forest inventory data (Danielsen et al. 2011; Verplanke and Zahabu
2009). Compared to traditional paper-based methods, mobile devices offer the
following immediate advantages (Bravo et al. 2012; Ruesch and Gibbs 2008;
Wakholi et al. 2011):
1) Mobile devices support mobility i.e. supporting community participants to
immediately record the measurement in a digital system;
2) The implementation of mobile based schemes is becoming cost-effective and
sustainable because of the low cost of the devices;
3) Mobile devices have the potential to signal recent forest changes, including
area of change and type of disturbance in near real-time.
Despite these potentials, mobile based systems for CBM are still exceptional and
they face implementation challenges when used by minimally-trained local
communities in a REDD+ context. Additionally, fitness for use of these
applications in terms of interaction and local suitability is often overlooked (Bruin
et al. 2001; Orfali et al. 2007; Parr et al. 2002). Currently available open source
technologies such as CyberTracker (Parr et al. 2002), EpiCollect (Aanensen et al.
2009), ODK (Hartung et al. 2010) and Xform (XForms1.1 2012) facilitate
implementation, but they do not directly address fitness for use.
The main objective of this chapter is to present an integrated mobile device based
data collection system that allows streamlining the community-based forest
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monitoring data collection, transmission and visualization process, in order to
improve the usability, accuracy and reliability of national MRV schemes. Such a
system aims to bridge the information gap at national level and also facilitates
timing and consistent reporting of forest monitoring data. A prototype was built
based on pervasive computer technologies and on the open source Android
platform. The system performance was evaluated at the Tra Bui commune, Quang
Nam province, central Vietnam by assessing the technical suitability of the
proposed system. Finally, this chapter assesses how CBM could contribute to an
independent data stream for REDD+ implementation programs by comparing the
locally gathered data to expert (local, regional and national) field measurements
and a high resolution SPOT remote sensing image.

3.2. Material and methods
3.2.1.

System requirement

To implement a proper CBM, the local community needs a reliable way to record,
store and deliver the collected information to the central database server (Pratihast
et al. 2013; Skutsch et al. 2011). Accordingly, the system needs to satisfy both
hardware and software requirements. The hardware for data gathering should
enable maintaining consistency with existing national MRV systems. Since the
remote sensing and forest inventory data include images and geo-location points,
the system should incorporate a positioning system and a camera. Popular
smartphones with GPS and camera operating on Android satisfy these demands.
The usability requirements of the system are specific to the local user. These
requirements include:
• Multi-language support;
• Multi-user for simultaneous use;
• Applicability in remote location;
• Voice recording as desired functionality;
• Local data storage facilities.

3.2.2.

System design

The proposed system provides a complete end-to-end platform which allows the
local community to gather forest data and deploy forest measurements effectively.
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The general overview of the functional architecture of the system is outlined in
Figure 3.1. The whole system is integrated into four-tier architecture: the data tier,
logical tier, presentation tier and communication tier.
Data tier

Logical tier
Data collection

Local
community

Presentation tier

Geo location
Image & text

Forest inventory

Audio & video

Map
KML
Spreadsheet

Training data for
RS classification
Validation of RS
Products

data storage
Search &
Query

Data
management

Fusion table

Signaling forest
changes

Communication tier
SMS

MMS

Bluetooth

3G internet

USB cable

Figure 3.1 Service platform architecture for community-based monitoring.

3.2.2.1. Data tier
The data tier represents the data acquired at ground level. Figure 3.2 depicts a
unified modeling language (UML) class diagram that illustrates the conceptual
structure of the data acquisition system. Classes are portrayed as boxes with three
sections: the top one shows the name of the class, the middle one lists the attributes
of the class, and the third one lists the methods. The unfilled triangle shape (∆)
represents the aggregation among the classes. User class is designed as a root class
which is associated with the following subclass: 1) forest inventory, 2) signalling
forest change, 3) acquisition of training data for remote sensing classification and
4) validation data for remote sensing products. Many similarities in attributes and
functions are designed to keep the data acquisition independent among these
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subclasses. A bi-directional association is showed by a solid line between the two
classes, namely user and location. The user class is associated with a specific
location, and the user class recognizes this association. The user takes on the role
of “assignedLocation” in this association. The multiplicity value next to the user
class of 0..* indicates that when an instance of a user exists, it can either have one
instance of a user associated with it or no user associated with it (i.e. maybe a user
has not yet been assigned). In addition to that the location instance can be
associated either with no user or with up to an infinite number of users.

Figure 3.2 Class diagram of data acquisition form.

3.2.2.2. Logical tier
The logical tier consists of overall system design units such as data collection and
management units. The data collection component comprises optional input
constraints such as text, image, audio/video, geo-location, flow depending on
previous answers; icon based user friendly graphics and local language support.
Central data management is one of the major goals of the system. It facilitates data
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access and exploration for end-users. Furthermore, Search tools allow users to
search, query and modify particular data. The local data, upon meeting all the
national requirements, can also be integrated into a third-party national or
international database.
3.2.2.3. Communication tier
In order to avoid data loss, the proposed system allows for local storage of the
collected data in an extensible markup Language (XML) format along with
associated binary files (image, audio, and video). These locally stored data can be
transmitted to the server using thick and thin client-server architecture (Orfali et al.
2007). A thin client provides limited applications on the client and all the data
storage and processing occurs on the server. In contrast, a thick client is embedded
with the bulk of data storage and processing capacity. With thick clients, there is
low level performance required from the server resulting in minimum server load
and a faster response time. The communication tier allows users to synchronize
with a data server at any time using any available data transmission means such as
Short Message Service (SMS), Multimedia Messaging Service (MMS), Bluetooth,
3rd generation (3G) internet and Universal Serial Bus (USB) cable. Table 3.1
presents the data transmission means in terms of data type, data volume and cost.
Table 3.1 Comparison of Mobile data transmission means [adapted from (Bose and
Shin 2006; Verkasalo and Hämmäinen 2007)].
Mode of
transfer

Data types

data

Data volume

Cost

No

Low

Low

Yes

Yes

Low

Medium

Yes

Yes

Yes

Medium

Free

3G internet

Yes

Yes

Yes

High

Medium

USB cable

Yes

Yes

Yes

High

Free

Number

Text

Multimedia

SMS

Yes

Yes

MMS

Yes

Bluetooth
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3.2.2.4. Presentation tier
The presentation component intends to visualize the community collected data in a
tabular and map form respectively. The tabular forms are spreadsheets, Comma
Separated Values (CSV) format. Google fusion table whereas map forms allow
visualisation in a static and in a dynamic mode through Hyper Text Markup
Language (HTML) web browsers. Google fusion tables is an online data
management application that facilitates easy collaboration, data visualization and
web publishing (Gonzalez et al. 2010).

3.2.3.

System implementation

The prototype was implemented in a hierarchical structure. Initially, the data tier
described in Section 3.2.2 was implemented using the XML file format because it
provides a flexible way to represent class attributes. Four types of forest
monitoring forms were created in XML format, namely: forest inventory (for
estimation of above ground forest biomass), signalling forest change (for reporting
of forest disturbance) and training data for remote sensing classification and for
validation of remote sensing products. Different means of data input design
interface were used to facilitate data entry, such as selection option, multimedia
(audio/video), photographs and entering text, number, selection options, dropdown
menus. The developed form is deployed at the client side (mobile platform)
through ODK collect. Considering the fact that users may not always have access
to an internet connection, thick and thin client-server architectures of data
transmission systems were implemented. Local people can upload their data from
the mobile device to a local database through an USB connection or via SMS,
MMS or Bluetooth. Consequently, the availability of an internet connection
permits submission of monitored information to the remote server. Java 2
Enterprise Edition (J2EE) for Java netbeans was used to provide interfaces to
manage data collection forms and the collected data is stored in PostgreSQL.
QuantumGIS linked with PostgreSQL, allows the data analysis operations on
managed data, visualized in a map form. The web map server (WMS) plugin of
QuantumGIS allows map processing through HTML web browsers. Similarly, the
system also allows interoperability to deploy the data on different kinds of cloud
computing environments such as Google app engine. Some screenshots of the
deployed application are shown in Figure 3.3.
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(a)

(c)

(b)

(d)

Figure 3.3 Some screenshots of deployed application interface to: (a) select the reason for
forest disturbance, (b) record video as forest disturbance description, (c) record area for
forest disturbance and (d) upload form to the database server.

3.2.4.

System evaluation in the case study of central Vietnam

3.2.4.1. Field setup
The capability of the developed system for monitoring the forest carbon and
change activities was tested and evaluated at Tra Bui commune
(15°17'54.65"N,108°08'08.01"E to 15°19'37.97"N, 108°08'13.42"E), Quang Nam
province, central Vietnam (Figure 3.4). The forest of the Tra Bui commune area
has been under threat since the construction of the Sông Tranh 2 hydroelectric
dam, which caused the resettlement of the population of this community, mostly
belonging to an ethnic minority.
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Figure 3.4 The study area overlaid with Spot remote sensing image
and community measured field plots.

In order to regain land to cultivate crops the majority of the households have
cleared parts of the forest. The following steps were carried out to deploy the
prototype:
1) Initially, the questionnaires were designed based on the indicator required to
assess the technical capacity of the community members. The questionnaires
were used for the collection of data with the techniques of household surveys,
interviewing commune leaders, and a participatory workshop based on
Participatory Rural Appraisal (PRA) methods (Chambers 1994). More than 80
people were consulted during this process. In the meantime potential
organizations were contacted for the collection of necessary documents for the
research such as 3G coverage over the study area and the electricity supply
time table.
2) User friendly training materials were produced in a local language for the
developed technology and methods for acquisitions of data. Community
training was conducted before implementation of the program. The training
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3)

4)

was meant to enhance the capacity of the community and to envision
approaches and strategies for program implementation.
A purposive sampling design was used to evaluate the intellectual interaction of
the system with the local community within a limited time (Gibbs 2006). Specific
types of local knowledge such as accessibility and indicated forest change areas
were used as sampling information. Circular biomass plot with 10 m radius
were designed in a homogeneous forest area. Diameter at Breast Height
(DBH) and tree species of all trees inside the plot were measured. Also, time
required to enter the data was recorded. Similarly, forest disturbances were
recorded around the disturbed area. A Samsung Galaxy tab 7.0 mobile device,
a diameter tape and clinometer were used as measuring equipment.
During the implementation, paper-based forms were also used in each location to
enter the data. Data entry of each participant was compared to the paper-based
data entry. Furthermore, structured interviews were conducted with individual
users to receive feedback regarding the data entry interface and overall
performance of the system. In total 80 people were interviewed during this
process.

3.2.4.2. Comparisons
Two types of comparison data sets were acquired to evaluate the technical skills
and measurement quality of the local community. Firstly, local experts (local forest
rangers) and national experts (regional/national forest rangers) were trained with
the system. Reference measurements were obtained by repeating the entire
community measurements (17 biomass plots and 48 disturbance monitoring plots)
by local experts. Due to cost constraints, only seven biomass plots and eight
disturbance monitoring plots were repeated with national experts. Finally, above
ground biomass was estimated from measurements made by local people and
experts using biomass allometric equations (Brown 1997). The national forest
inventory catalogue was used to covert local names of tree species to scientific
names. Secondly, a time-series of high resolution remote sensing images acquired
between 2007 and 2011 (pan sharpened SPOT 5 images) were used for this
research (Table 3.2), provided by Planet Action for the Land Use and Climate
Change Interactions project (LUCCi) in the Vu Gia Thu Bon basin, central
Vietnam (Planetaction 2010). Locally reported disturbance monitoring signals
were visually interpreted based on the Pohl and Van Genderen approach (Baccini
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et al. 2008). Following this approach, images were systematically examined and
forest disturbed pixels area manually digitized as polygons. The forest disturbed
areas were estimated by calculating the polygon area.
Table 3.2 Available SPOT 5 image properties.
Bands

Spectral ranges

Ground resolution

Green

0.50–0.59 μm

2.5 m

Red

0.61–0.68 μm

2.5 m

Near infrared

0.78–0.89 μm

2.5 m

3.2.5.

Statistical analyses

Comparisons between measurements of community and local expert values were
carried out by simple linear regression where locally measured values were used as
the dependent variable and the expert data were used as the independent variable.
Linear correlation parameters (r) were calculated, which expresses the strength and
the direction of a linear relationship between two variables. Additionally, the Index
of Agreement (IA) was computed as described by Willmott (Willmott 1981)
(Formula 3.1). IA is standardized measure of the degree of locally observed error
and varies between 0 and 1. A value of 0 indicates no agreement at all and 1
indicates a perfect match (Willmott 1981):
2
∑n
1=1(yi −xi )
2
i=1[|(yi −x)||(xi −x)|]

IA= 1 – ∑n

(3.1)

Where yi is the ith locally observed value, xi the ith expert measured value, x is the
mean of value and n is the number of observation.

3.3. Results and discussion
3.3.1.

Technical capacity of the local community

The technical capacity of the local community turned out to be an important factor
for deployment of the system. More than 60% of the local people use mobile
phones as a daily means of communication. Among them, 12% use the mobile
phone for calling, 30% for text messages and calling, 30% for calling, SMS and
photography and 18% for calling, SMS, photography and internet.
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3.3.2.

System performance

The results of system performance in combination with user interactions are
reported in Table 3.3, which shows that the accuracy of data entries varies from user
to user. Entering data via the text interface produced the highest error rates. Most of
the errors were due to double entering of text and symbols on the electronic forms.
The visual examination of all the captured multimedia was done manually.
The result shows that 89% of captured multimedia by local community and 95% from
local rangers have good quality. A common mistake during captured multimedia was
that the targeted object was not highlighted correctly. Remarkably, the selection
interface options presented no errors by all user types.
Cost is a critical variable for REDD+ implementation. This chapter only considers
the implementation cost of the system to monitor the forest. The device cost was
not considered for the analysis. A simple cost analysis revealed that the community
measurements costs were $1.20 United States Dollar per hectare (ha) whereas local
expert costs were $3.2 per ha and the national expert cost $6.40 per ha (Table 3.3).
Community measurements costs were significantly lower than expert-based
measurements and they are expected to decrease as the size of sampled forest
increases.
Table 3.3 Evaluation matrix of data entry types and costs.
Time
Accuracy of data entries (%)
Cost of
User Educational
for
data
Text/Number
Capturing
Text/Number
type
Level
training
acquisition
(Manual
Multimedia (Selection option)
entry)
(Hours)
($ per ha)
Local
Pre4
72
89
100
1.20
comm
secondary
unity
Local Secondary4
82
95
100
3.20
expert University
Nation
al
University
4
93
100
100
6.40
expert

3.3.3.

System evaluation in terms of REDD+ implementation

Figure 3.5 presents the results of the simple linear correlation and error analysis for
comparison between local and expert (local forest rangers) measurements. All the
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indices of agreement are equal or higher than 0.88, indicating a good overall
agreement between local and expert measurements. Figure 3.5(a) shows that the
number of trees per plot was the parameter with highest agreement between local and
expert measurements (IA = 0.97). Figure 3.5(b) indicates that there was good
agreement between the total basal area per plot measured by locals and experts
(points close to the 1:1 line) for all observations.
a.

b.

r = 0.80
IA= 0.97

r = 0.95
IA= 0.97

d.

c.

r =0.75
IA= 0.88

r =0.86
IA= 0.92

Figure 3.5 Simple linear correlation and error analysis statistics of the comparison between
local (dependent variable y) and expert estimated (independent variable x) for: (a) Number
of tree, (b) Total basal area per plot, (c) measuring time and (d) above ground biomass
estimation. r is the linear correlation parameter, and IA is the index of agreement.

The third observation (Figure 3.5(c)) is the difference in measurement time for
local people and for expert. It can be observed that local people needed more time
than the expert. Finally, the comparison of above ground biomass estimates (Figure
3.5(d)) showed that biomass estimation by experts was on average higher than that
estimated by local people. One source of error was related to tree species
identification, which was used to estimate wood density and tree biomass: local
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people always reported the tree species in local name but its conversion to the
scientific name was often lacking in the national catalogue.
However, REDD+ is not only about estimation of biomass but also about tracking
forest disturbance, which provides an estimate of rates of deforestation and forest
degradation. The number of forest disturbance events, their size and the timing of
events are recorded by community members and were compared with remote
sensing observations. Figure 3.6 shows the comparison of forest disturbance areas
due to agriculture expansion captured by the local community and by remote
sensing. The estimated areas show that there was high agreement for small and
medium events but that local people underestimated a large area deforestation
event compared to RS based estimates.

Figure 3.6 Relationship of forest disturbance area estimated by
local and SPOT remote sensing image.

Similarly, Figure 3.7 shows the percentage of locally reported forest disturbance
events identified through remote sensing. The result shows that only 18% of
community reported selective logging events can be visually identified using
remote sensing, whereas around 88% of subsistence agricultural expansion was
recognised in the satellite data, showing that local people are better able to identify
the small scale forest disturbances.
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Figure 3.7 Percentage of locally reported forest disturbance types
identified through SPOT image.

Finally, remote sensing time-series images were used to quantify the agreement
with the disturbance date provided by the local community. Table 3.4 shows the
delay in capturing forest disturbance signal by SPOT images. In general, the results
show that a delay of 1 to 2 years can occur to capture events of disturbance and that
between 14% and 36% of the events identified by the local communities were not
detected in the SPOT images, highlighting the need of frequent ground monitoring.
Nevertheless, the SPOT image of 2010 has captured 65% forest disturbance. The
reason for this could be that the image was acquired immediately after the disturbance
and most of the disturbances are due to agriculture expansion.
Table 3.4 Delay in capturing forest disturbance signal by SPOT image.
Forest disturbance signal captured by SPOT
Detected on same
Delayed detected
Not
Date
Forest
year
(up to 2 year)
detected
disturbance
2007
16%
48%
36%
captured by
2008
33%
53%
14%
local
2009
33%
47%
20%
communities
2010
65%
20%
15%

3.4. Discussion
3.4.1.

Opportunity from a national REDD+ perspective

From a national REDD+ monitoring and implementation perspective, it is
important to involve local community groups and societies to carry out forest
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monitoring, in particular if there is any prospect of payment and credits for
environmental services. This study evaluates the role of local communities in
measuring above ground biomass and forest disturbance monitoring activities. The
results show that the proposed system supports the idea of community-based
monitoring (Skutsch and Solis 2011; Skutsch et al. 2011) enabling the capacity of
a local community to monitor forest carbon and forest change activities effectively.
Communities involvement allows the establishment of ‘ownership’ in forest
management, strengthens their stake in the REDD+ reward system and greatly
increase transparency in the sub-national/national governance of REDD finances.
Generally, forest inventory is carried out on the national level to collect groundbased measurements (such as tree height, DBH and tree species) on plots selected
through a sampling design, and uses these measurements to estimate forest carbon
stocks using allometric relationships (Avitabile et al. 2011; Brown 1997). This
process can be expensive and time-consuming and few developing countries have
comprehensive forest inventories that allow for national forest carbon stock
estimates (DeFries et al. 2007). Experience gained from published studies shows
strong agreement between local community and expert measurement in above
ground biomass. Earlier studies conducted in Ghana, Tanzania, Nepal and
Philippines (Brashares and Sam 2005; Danielsen et al. 2011; Uychiaoco et al.
2005) demonstrated that communities can collect some local forest inventory data
adequately and at reduced cost than professional foresters. The results showed that
local communities can measure and report the basic tree variables such as DBH,
tree species and tree count; and most importantly, they can repeat the
measurements on a regular basis. The collected data has proven to be of a level of
precision comparable to that produced by professional forest inventory staff.
SPOT remote sensing data of 2.5 meters ground resolution has difficulties to
capture small scale forest disturbance activities such as selective logging, firewood
extraction and charcoal production by local communities (Ahrends et al. 2010;
GOFC-GOLD 2014). The results of this experiment support these findings and
indicated low agreement between forest disturbance monitoring through remote
sensing and ground data. Therefore, data acquired through local communities can
help to verify remote sensing estimates and to signal new changes (even before the
remote sensing data are available). Essential information such as location, time,
area and type of the forest change events provided by local people can be
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integrated with remote sensing observations to develop near real-time forest
monitoring systems. Furthermore, even a proof of “no change in forest status” is an
important finding to ensure that new activities do not negatively affect the carbon
performance in REDD+ implementation. Thus, while remote sensing techniques
are the main tools used at the national level to detect deforestation, local level
community data can be an important input for analysis of deforestation and
degradation events. Moreover, the findings also suggest that local community
members can acquire large amount of data at relatively low cost.

3.4.2.

Advantage of the mobile device system

Traditionally, forest monitoring data are collected through paper-based methods
where paper forms are filled in with manually collected data. This leads to
difficulties in data translation, digitization and handling, resulting in a lack of
confidence in locally collected data. Compared with paper-based methods, the
proposed system has the capability of automatically capturing a larger variety of
data types such as Geo-location, date, text, audio, video and images through smart
phones and PDA devices, adding more flexibility in data collection at the
community level.
Cyber Tracker has been widely used under ‘Kyoto: Think Global Act Local’
(KTGAL) research programme in mapping, measuring and monitoring forest
carbon services (Parr et al. 2002). It has the functionality of a user friendly form
designer and data synchronization over web. Compared to CyberTracker, the
system developed in this study provides easy to add features and low cost of
deployment facilities. Furthermore, the proposed system reduces difficulties in
data translation and digitization, and reduces the time lag for data to be available
for national usage. User friendly data transmission features of the system enable
the local community to feed the data directly to the database server.

3.4.3.

Limitations of the mobile device system

The proposed system also faces some technical challenges. In general, one major
drawback of this system is that it works only on Android based mobile phones.
The second general issue is maintaining battery power for mobile devices in
remote areas; nevertheless this problem can be now easily be resolved by using
solar-powered mobile device chargers, which are now widely available at low cost.
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The third is that this approach allows data storing locally on phones which may get
lost or damage. One possible solution for this problem is to use higher storage
capabilities inside the phone and transfer data from mobile device to a local
computer or storage device on a regular basis. The fourth is data entry errors: it is
noticed that local people are more accurate in entering information through a
sleeting icon or a check box than through manual entering of text or numbers. The
interface design may allow reducing this error. The fifth drawback is the cost.
Initially, national support is needed to setup the system but the test case of this
study shows that the digital data collection through local community offers cheaper
and more timely data than the data collected by the experts, while reaching a
comparable accuracy. Finally, it can be observed that there is need of technical
supervision, trouble shooting and capacity building program for the local
community in order to increase the reliability of the results.

3.5. Conclusions and future outlook
In this chapter, we have presented an integrated mobile based data collection
system designed for local communities to support forestry data collection for their
national REDD+ program. The use of mobile device is a very promising field with
exponentially increasing number of sensors and opportunities available in the
marketplace and has the potential to increase the efficiency of forest monitoring
systems. A prototype application for the community-based monitoring was
successfully developed and implemented in an ethnic minority community of
Vietnam. The proposed system was able to facilitate data acquiring, storing,
transmitting and displaying by local people.
In order to achieve an added value for CBM, system performance was evaluated in
terms of data accuracy and cost. The comparison of community acquired forest
inventory data and estimated above ground biomass with professional expert
measurements showed that the local communities are able to acquire data with
accuracy comparable to data acquired by an expert, but against lower costs.
Furthermore, the disturbance monitoring activity of local people was examined
with high resolution SPOT image. The results confirm that communities are more
effective than remote sensing to monitor small scale forest degradation due to, for
example, subsidence fuelwood collection or selective logging.
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The presented system is able to support the acquisition of CBM data that can be
directly linked to national MRV in the prospect of data demand, supply,
management, reporting and quality assurance. Further development of the
presented approach will focus on the establishment of an integrated two way data
synchronization system for exchange of information between client and server. In
such systems, the acquired data will be linked with cloud computing and it will be
possible to deliver near real-time forest monitoring services.
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Abstract
Within the Reducing Emissions from Deforestation and Degradation (REDD+)
framework, the involvement of local communities in national forest monitoring
activities has the potential to enhance monitoring efficiency at lower costs while
simultaneously promoting transparency and better forest management. We
assessed the consistency of forest monitoring data (mostly activity data related to
forest change) collected by local experts in the UNESCO Kafa Biosphere Reserve,
Ethiopia. Professional ground measurements and high resolution satellite images
were used as validation data to assess over 700 forest change observations
collected by the local experts. Furthermore, we examined the complementary use
of local datasets and remote sensing by assessing spatial, temporal and thematic
data quality factors. Based on this complementarity, we propose a framework to
integrate local expert monitoring data with satellite-based monitoring data into a
National Forest Monitoring System (NFMS) in support of REDD+ Measuring,
Reporting and Verifying (MRV) and near real-time forest change monitoring.
Keywords
REDD+; MRV; national forest monitoring system; community-based monitoring;
citizen science; remote sensing; accuracy assessment; Kafa; Ethiopia
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4.1. Introduction
Forests cover approximately 30% of the Earth’s land surface and are of immense
value to humankind, as they provide habitats for a wide variety of species and play
an important role in the global carbon cycle (Gullison et al. 2007; Hansen et al.
2013). However, a loss of approximately 2101 square kilometres of tropical forests
per year (Hansen et al. 2013) has made a significant contribution to the increase of
greenhouse gases (GHGs) in the atmosphere, resulting in accelerated global
warming (Gullison et al. 2007; IPCC 2006). To mitigate this effect, the United
Nations Framework Convention on Climate Change (UNFCCC) has proposed an
international mechanism called Reducing Emissions from Deforestation and
Degradation (REDD+) in developing countries (Gullison et al. 2007; UNFCCC
2009). The REDD+ mechanism includes reducing deforestation and forest
degradation, forest enhancement, sustainable forest management and conservation
(UNFCCC 2010b). Recently, the 19th Conference of Parties (COP) of the
UNFCCC in Warsaw, November 2013, agreed on a collection of seven decisions
on REDD+ (UNFCCC 2013). Together with the REDD+ decisions adapted at
previous COPs, these decisions provide international policy guidance (the
Rulebook on REDD+) on how countries should deal with REDD+ in the
framework of the UNFCCC (UNFCCC 2013). Besides reduction of carbon
emissions, the REDD+ mechanism also includes establishment of national
institutions, ensuring co-benefits and safeguards and, above all, creating
performance based financing mechanisms (Danielsen et al. 2011; GOFC-GOLD
2014; IPCC 2006).
A country participating in REDD+ requires a reliable, transparent and credible
national level forest monitoring system (NFMS) for Measuring, Reporting and
Verifying (MRV) activity data and emission factors (GOFC-GOLD 2014; Herold
and Skutsch 2011; Sanz-Sanchez et al. 2013). Activity data is defined as the
magnitude of human activity resulting in emissions or removals. In the case of
forest related emissions and removals, activity data refers to forest area change
(generally measured in hectares), whereas the emission factor is related to the rate
of emission of a given GHG from a given source, relative to units of activity
(generally measured in tons of carbon per hectare) (IPCC 2006). Given that forest
change is a dynamic process, monitoring needs to be carried out on a regular basis
to support national MRV requirements. Establishing such monitoring systems is
presumed to be expensive for developing countries (Bucki et al. 2012; GOFC61
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GOLD 2014; Romijn et al. 2012; Visseren-Hamakers et al. 2012). An activity
monitoring system should be based on four broad monitoring objectives related to
the location, area, time and drivers of forest change. These objectives should be
properly integrated with monitoring and MRV systems at the national level.
Current schemes for monitoring these activities are based on remote sensing and
field measurements mainly from national forest inventories.
Remote sensing has proven to be very useful for deforestation monitoring at the
global, national and subnational scale (Achard et al. 2010; De Sy et al. 2012;
DeVries and Herold 2013; Hansen et al. 2013). However, remote sensing based
monitoring of forest degradation and regrowth still remains problematic (Achard et
al. 2006; DeFries et al. 2007; Vargas et al. 2013), due to cloud cover, seasonality
and the limited spatial and temporal resolution of remote sensing observations.
Enhancing the interpretation of remote sensing analyses requires substantial
ground verification and validation (Strahler et al. 2006). Accomplishing these tasks
through national forest inventory data is expensive, time-consuming and difficult
to implement across large spatial scales (Gibbs and Herold 2007; Tomter et al.
2010).
Community-based monitoring (CBM) is an emerging alternative method for forest
change monitoring that promises to be cheaper than conventional monitoring
methods (Danielsen et al. 2011; Pratihast et al. 2013; Skutsch et al. 2011; Skutsch
et al. 2014). CBM methodologies can be organized into two main categories: (i)
forest carbon stock measurements for emission factors and (ii) forest change
monitoring for activity data. Results from well-designed forest carbon
measurement studies (Danielsen et al. 2013; Pratihast et al. 2012; Shrestha 2011;
Topp-Jørgensen et al. 2005) have demonstrated that local datasets are comparable
to professional measurements, while being cheaper to obtain. Furthermore, CBM
can be considered as a tool to empower the local communities and raise awareness
towards better forest management (Fry 2011; Lawlor et al. 2013).
While CBM-based forest carbon stock measurement has been shown to be feasible
(Danielsen et al. 2013; Topp-Jørgensen et al. 2005), monitoring of forest change
through CBM has not been thoroughly investigated yet. Forest change monitoring
is a continuous process, which requires continuous data acquisition and local
communities may act as active in situ sensors (Goodchild 2007). Their local
knowledge could be especially valuable in signalling forest change activities
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(deforestation, forest degradation or reforestation) and providing valuable
information, such as location, time, size, type and proximate drivers of the change
events on a near real-time basis (Skutsch et al. 2011). The impacts of these
activities are rarely captured comprehensively in national forest inventories or
from remote sensing (Danielsen et al. 2011; GOFC-GOLD 2014; Pratihast et al.
2013). The recent development of hand-held technologies continues to improve
and has significantly enhanced the local capacity in data collection procedures
(Pratihast et al. 2012). Data acquired by communities can therefore play an
essential role in enhancing the efficiency and lowering the cost of monitoring
activities, while simultaneously promoting transparency and better management of
forests. Thus, local participation within monitoring programs holds promise for
national REDD+ MRV implementation.
Despite the potentials of CBM, the main challenge of using locally collected data
lies in the lack of confidence in data collection procedures (Fry 2011). The
accuracy and reliability of such datasets are often questionable due to
inconsistencies arising from the fact that local participants collect data
independently of each other. This can further result in incomplete data collection
and a biased representation of changes in a study area (Danielsen et al. 2010).
Therefore, data credibility and trustworthiness are major obstacles to the
integration of CBM data in NFMS (Conrad and Hilchey 2011; Skarlatidou et al.
2011). This fact has triggered us to rectify the current shortcomings and expand the
current state of knowledge in community-based forest monitoring and its utility in
NFMS. Specifically, we aim to check the consistency of local datasets and
investigate their complementary use to remote sensing.
The purpose of this research is to discover new perspectives and insights into
community-based observations. The aims of this chapter are to: 1) present the
details of a local expert-based forest monitoring system, 2) assess the spatial,
temporal and thematic accuracy of local expert data against independent fieldbased measurements and high resolution SPOT and RapidEye satellite imagery
and 3) explore the complementarity of local expert data with remote sensing data.
While the UNESCO Kafa Biosphere Reserve in Southwestern Ethiopia is shown
here as a case study, the concepts presented in this study are applicable to a
broader geographic scope and can be scaled up to the national level in support of
NFMS and REDD+ MRV.
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4.2. Material and methods
4.2.1.

Study area description

The study area is situated in the Kafa Zone, Southern Nations Nationalities and
People’s Region (SNNPR), in Southwestern Ethiopia (Figure 4.1). The Kafa Zone
is over 700,000 ha in size and was recognized as a Biosphere Reserve by
UNESCO’s Man and the Biosphere (MaB) program in March, 2011. This region is
characterized by Afromontane cloud forest, with approximately 50% of the land
cover still forested. Average annual precipitation in the area is approximately
1700 mm and average annual air temperature is approximately 19°C (Schmitt et al.
2010). The topography of the Kafa Biosphere consists of mountains and
undulating hills, with elevations ranging between 400 to 3100 m. The forest
ecosystem provides an important contribution to the livelihoods of the people in
the area, including wild coffee, valuable spices and honey from wild bees. It also
represents a significant store of forest carbon as above ground biomass.
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Figure 4.1 Study area in the UNESCO Kafa Biosphere Reserve, Southwestern Ethiopia;
local expert observations (black crosses) were compared with a field-based reference
dataset (red circles) and high resolution remote sensing data from the SPOT (footprint
shown as a blue dotted line) and RapidEye (footprint shown as a black dotted line) sensors.

65

Combining satellite data and community-based observations for forest monitoring

4.2.2.

Description of the forest monitoring system in the Kafa
biosphere reserve

The According to REDD+ monitoring and implementation guidelines, it is
important to involve local community groups and indigenous societies to carry out
forest monitoring, in particular if there is any prospect of payment and credits for
environmental services (Lawlor et al. 2013; Stickler et al. 2009; UNFCCC 2013).
A variety of practical experiences from developing countries such as Nepal,
Tanzania, Cameroon, India, Mexico, Indonesia, China, Laos, Cambodia and
Vietnam, have demonstrated that local communities can play an essential role in
forest monitoring and management programs (Danielsen et al. 2013; Danielsen et
al. 2011; Pratihast et al. 2012; Ratner and Parnell 2011; Shrestha 2011; ToppJørgensen et al. 2005). However, most of these experiences are limited to carbon
stock measurements in support of REDD+ MRV, with few prescribed field
methods for establishing activity monitoring (forest change) on the ground
(Pratihast et al. 2012; Skutsch et al. 2011). In this study, we present a groundbased system to monitor activity data because of their increasing importance in the
context of REDD+. The following setup was designed to contribute an efficient
and continuous forest monitoring system for the Kafa Biosphere Reserve.
Selection of local experts: Selection and recruitment of local experts acts as the
backbone for a forest monitoring system, as the success of these CBM systems
largely depends on the knowledge, commitment, feeling of ownership and
competencies of these individuals (Danielsen et al. 2005). The selection process
featured in this study is based on a scheme of collaborative design of monitoring
with external interpretation of the data, one of five schemes of local involvement
in monitoring proposed by Danielson et al. (2009). A total of 30 local experts were
recruited within the frame of the project called “Climate Protection and Primary
Forest Preservation—A Management Model using the Wild Coffee Forests in
Ethiopia as an Example” under the Nature and Biodiversity Conservation Union
(NABU). The recruitment was done through the Kafa Zone Bureau of Agriculture
and Rural Development (BoARD). The selection was done in such a way that it
represents on average three experts from each of the 10 Woredas (administrative
units in Ethiopia). All chosen local experts had at least a secondary level of
education and some fundamental understanding of forest management. This
selection procedure was seen as a step towards greater community involvement in
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monitoring activities with the representatives involved from all Woredas, assuring
the potential for significant enhancement of the monitoring capacity of the project.
Apart from monitoring, these experts also bear responsibilities for other project
activities, such as the development of ecotourism, reforestation, community
plantations, the distribution of energy saving stoves and awareness raising for the
sustainable use of forest resources (e.g., honey and wild coffee).
Data acquisition: Two methods of data acquisition were implemented and tested
in this study. In the first method, paper-based forest disturbance forms with GPS
devices were used by local experts to acquire forest monitoring data. The data
collection forms were designed primarily with project monitoring objectives in
mind, but also were compliant with REDD+ MRV requirements. This form
focused on capturing forest changes, including small scale forest degradation,
deforestation and reforestation. In the second method, mobile devices with
integrated GPS and camera functionality were used to increase the ease and
simplicity in collection, entering and managing locally acquired data. For this
purpose, a decision-based data collection form (Figure 4.2) was designed in XML
and was deployed on mobile devices using the Open Data Kit (ODK) Collect
application (OpenDataKit 2012). This form contains optional input constraints,
flows that depend on previous input, icon-based user friendly graphics and local
language support. Mobile devices stored the data asynchronously and transferred
data to data servers over GPRS, Wi-Fi or USB, as connectivity was available. An
online database management system based on ODK Aggregate, postgreSQL and
PhP was designed for the proper storage, analysis and visualization of the acquired
data. Further details of the adapted proposed data acquisition method can be found
in Pratihast et al. (2012). A paper-based data acquisition system was used in 2012,
whereas mobile devices were used to collect the data in 2013. Even though the
tools used to acquire data were different, the overall form of the design was
consistent, with a few key differences in terms of multimedia features.
Training and capacity building program: user friendly training materials were
produced for the developed technology and data collection methodology. A series
of training events was conducted before and during the implementation of the
monitoring activities. The main purpose of training was to enhance the capacity of
local experts and to develop approaches and strategies for program
implementation.
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Figure 4.2 Decision-based data acquisition form for local experts; the questions that are
posed in the forms depend on answers given to preceding questions; such a design ensures
that the questions are relevant to the land cover change being described.

4.2.3.

Reference datasets

Local experts are capable of reporting forest change process at a high temporal
frequency. Finding suitable reference data that can thoroughly assess the spatial,
temporal and thematic accuracy of these data is difficult, however. In this study,
two types of accurate reference datasets were acquired to evaluate the accuracy of
these local expert data: field-based reference dataset (FRD) and remote sensing
(RS).
Field-based reference dataset (FRD): we conducted a field visit in order to
validate the ground data collected by local experts. Due to cost constraints, it was
not possible to visit all locations reported by local experts. We selected six
accessible Woredas owing to practical considerations. These Woredas contain
more than 65% of the local expert data. Within these Woredas, 140 locations
(Figure 4.1) were randomly selected and were revisited during November–
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December, 2013, by a team of professionals. The decision-based data acquisition
form on the mobile devices (Figure 4.2) was used by the team of professionals to
measure location, size, time, drivers and photographs of change events.
Remote sensing (RS): a time-series of high resolution remote sensing images
acquired between 2005 and 2013 (including pan-sharpened SPOT and RapidEye
images) were available for the analysis of reference data (Table 4.1) in the study
area (Figure 4.1, Table A4.1 in the Annex). The SPOT 4 and SPOT 5 imagery
have a ground resolution of 10 m and 2.5 m, respectively, whereas RapidEye has a
ground resolution of 6.5 m. Locally-reported forest monitoring locations were
visually interpreted based on an approach described by Pohl and Van Genderen
(1998). Following this approach, images were systematically examined and pixels
representing forest change areas were manually digitized as polygons. The forest
change areas were estimated by calculating the polygon area.
Table 4.1 Summary of the SPOT and RapidEye scenes used in this study.
Sensor

Ground resolution

Year of acquisition

Number of scenes

SPOT 4

10 m

2005–2006

6

SPOT 5

2.5 m
(Pan sharpened image)

2007–2011

8

RapidEye

6.5 m

2012–2013

27

4.2.4.

Accuracy assessment

Several metrics have been proposed by researchers to describe the quality of
geographic data (Castro et al. 2013; Devillers et al. 2007; Haklay 2010). However,
no specific list of elements with a consistent definition has yet been agreed upon.
The latest attempt to standardize data quality elements is ISO 19113 in 2002
(ISO/TC211 2002), which proposes the following five elements: completeness,
logical consistency, positional accuracy, temporal accuracy and thematic accuracy.
In this study, we limited the quality assessment to three of these major categories,
namely spatial, temporal and thematic accuracy, since these are essential aspects of
forest monitoring datasets (GOFC-GOLD 2014). The details of the accuracy
measures employed in this study are listed in Table 4.2.
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Table 4.2 Specific approaches used to assess the spatial, temporal and thematic accuracy of
local expert data.
Measured variable local
Measures of
Category
Reference data
expert data
accuracy
Location variables
(Qualitative)
Spatial
Confidence interval
Field based
GPS accuracy
Accuracy
(95%)
Size of forest change
Temporal
Time of change
Remote sensing
Time lag
Accuracy
Presence of forest
Thematic
Field based
Error matrix
Forest change type
Accuracy
Driver of forest change

4.2.4.1. Spatial accuracy
In this study, three aspects of the spatial accuracy of the local experts’ data were
assessed, including categorical location information, GPS location information and
the estimated size of forest change. The categorical location information included
categories for representing the administrative units, like Woreda, Kebele
(administrative sub-unit of a Woreda) and a spatial category representing distance
to core forest, nearest village and roads (i.e. less than 1 km, 1–2 km, 2–3 km and
more than 3 km). To estimate the accuracy of these responses, comparisons were
made between the local expert data and the FRD. From this sample, the fraction of
correct observations in the total population of local expert reports was estimated
using the hypergeometric distribution (Johnson et al. 2005), a discrete probability
distribution that describes the probability of obtaining a correct response from a
finite population size without replacement. The 95% confidence interval was
calculated by using the 0.025 and 0.975 quantiles of this distribution.
In addition to the categorical location descriptors, local experts provided GPS
readings for each report. Each reading was associated with a measurement error
reported by the GPS receiver. The GPS measurement errors in the local expert
dataset were compared with measurement errors in the FRD using a t-distribution
(Johnson et al. 2005). Using this distribution, the mean bias (with 95% confidence
interval) and the standard deviation between the local expert and FRD GPS errors
were calculated.
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Finally, the size of forest change polygons mapped by local experts were compared
with change polygons digitized from visually interpreted high resolution SPOT
and orthorectified RapidEye time-series imagery. Forty deforestation polygons
falling within the spatial extent of the SPOT and RapidEye time-series were
selected. The relationship between the size of field-delineated change areas and
polygons digitized from high resolution imagery was evaluated using a tdistribution.
4.2.4.2. Temporal accuracy
Recording the timing of forest change is essential for the implementation of a
robust forest monitoring system. Assessing the temporal accuracy of local
monitoring data remains a challenge due to a lack of reference time-series imagery
of sufficient temporal density and spatial resolution that can describe disturbances
in near real-time (Kennedy et al. 2007; Schroeder et al. 2011). To overcome this
limitation, only the area for which time-series images of SPOT and RapidEye were
available (Table 4.1) was used for this analysis. Here, a visual interpretation of the
time-series of satellite images for each local data set was carried out and the time
of forest disturbance was estimated for each data set. Furthermore, a temporal lag
between the reference satellite datasets and local expert datasets was calculated to
determine the average time delay or temporal lag of deforestation (Equation 4.1):
Temporal lag = (Year of detection by remote sensing − Year of detection by local experts)

(4.1)

4.2.4.3. Thematic accuracy
Attributes, such as the presence or absence of forest, forest change type and drivers
of forest change were included in the assessment of thematic accuracy. The
accuracy of these variables was assessed by comparing local expert dataset with
the field-based reference dataset. An error matrix was produced for each category
and used to derive producer’s accuracy, user’s accuracy and the overall accuracy
(Foody 2002).
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4.3. Results
4.3.1.

Characteristics of local monitoring data

4.3.1.1. Attributes of the local expert monitoring data
Local experts are capable of systematically monitoring forest change. In this study,
we focused on deforestation and forest degradation processes to illustrate the major
attributes of the data collected by local people (Figure 4.3, Table 4.3). The results
show that local experts have documented forest change processes, which include
spatial (location and size), temporal (time of change events) and thematic (type of
change, driver of change and photograph from the North, East, West and South
directions) information. Furthermore, deforestation, the conversion from forest to
non-forest land (GOFC-GOLD 2014), and forest degradation, negative changes in
forest biomass without conversion to another land cover type, could be mapped
separately using data provided by local experts (Figure 4.3). In this case, local
experts tried to delineate exact deforestation areas from the ground by recording
multiple GPS location around the boundary (Figure 4.3a). On the other hand, forest
degradation is a gradual process without a fixed boundary (GOFC-GOLD 2014)
and could therefore not be mapped with such precision. In such cases, local experts
provided the central location and approximate area affected rather than an exact
change polygon (Figure 4.3b).
4.3.1.2. Monitoring frequency
During the period of January, 2012, to December, 2013, a total of 755 locations
were observed (Figure 4.4). Of these, 46% were labelled as forest degradation,
25% as deforestation and 30% as reforestation. All data in 2012 were acquired
using paper forms with hand-held GPS devices, whereas in 2013, data were
acquired using mobile devices. In general, local observations were spread equally
over the whole Biosphere Reserve (Figure 4.1). However, monitoring efforts were
not consistent throughout the year (Figure 4.4). Irregularities in monitoring
activities were influenced by a wide range of factors, including the timing of
training and capacity building programs and adverse weather conditions. The
number of received monitoring forms (in 2012) and digital observations (in 2013)
increased during training and capacity building program (January to March), while
it decreased during the rainy season (July to September).
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4.3.1.3. Drivers of forest change
Drivers of forest change were mostly associated with agriculture expansion and
settlement expansion, followed by charcoal and firewood extraction, intensive
coffee cultivation, timber harvesting and natural disasters, which mainly included
landslides erosion and windfall. Many of the drivers were found to co-occur at a
single location (Table 4.4). In the case of agricultural expansion, 34 of the events
were attributed to agriculture expansion alone, whereas 185 events were attributed
to agriculture expansion together with charcoal and fire wood collection and 61 of
those changes were found to be due to the co-occurrence of agriculture expansion
and timber harvesting. This observation is logical considering that agriculture
expansion in Kafa Biosphere Reserves is in fact a gradual process coupled with
forest degradation. After demarcation of a portion of forest area for agricultural
development, a farmer commonly keeps much of the forest for the first couple of
years to harvest coffee, spices, fuelwood, charcoal and timber, before the forest is
fully cleared to make way for agricultural activities.

Figure 4.3 Examples of (a) deforestation monitoring and (b) forest degradation monitoring
by local experts; observations were mapped either as polygons (a) or point (b) features,
depending on the process being described; each form was accompanied by four photos
representing the north, east, south and west perspectives; the attribute tables associated with
these observations are shown in Table 4.3.
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Table 4.3 Attribute tables derived from local expert observations of deforestation and forest
degradation (shown in Figure 4.3a and 4.3b respectively).
Value of
Value of Forest
Category Measured Variables
Deforestation
Degradation
(Figure 4.3a)
(Figure 4.3b)
Woreda
Gawata
Gawata
Kebele
Ganty
Ona
Distance to road
More than 3 km
1–2 km
Spatial
Distance to nearest village 1–2 km
1–2 km
Distance to core forest
More than 3 km
More than 3 km
GPS coordinates
7.53, 35.84
7.54, 35.81
(latitude, longitude)
Temporal Disturbance date
03-18-2013
03-18-2005
Disturbance type
Deforestation
Forest degradation
Agriculture
expansion, timber
Coffee cultivation, timber
Thematic Driver of disturbance
harvesting and
harvesting and firewood
firewood
Size of disturbance
2 ha
4 ha

Frequency of ground observations

250

Training &
Capacity building

Rainy season

200

2012

2013

150
100
50
0

Jan-Mar

Apr-Jun

Jul-Sep

Oct-Dec

Months
Figure 4.4 Number of observations collected by local experts in 2012 and 2013; all
observations in 2012 were acquired using an analogue (paper-based) system, whereas
observations acquired in 2013 were collected using either analogue or digital (smart
phone-based) methods.
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Table 4.4 Number of instances of the co-occurrence of forest change drivers. Numbers
along the diagonal indicate the number of instances that a particular driver was reported
alone.
Number of
occurrences

Agriculture
expansion

Agriculture
expansion
Settlement expansion
Charcoal and fire
wood
Intensive coffee
cultivation
Timber harvesting
Natural disaster
Total

4.3.2.

Forest change drivers
Charcoal
Intensive
Settlement
and fire
coffee
expansion
wood
cultivation

Timber
harvesting

Natural
disaster

15
2
17

2
2

34
48

42

112

75

57

0

55

76

19

61
13
268

70
17
259

44
2
179

10
1
30

Results on accuracy assessment

4.3.2.1. Spatial accuracy
A breakdown of the estimated fraction correct of assigned spatial categories with a
95% confidence interval is shown in Table 4.5. The spatial accuracy varied
considerably across the various spatial categories included in the monitoring
forms. The Woreda was recorded with the highest mean fraction correct of 0.92,
whereas the estimated distance to core forest was found to have the lowest mean
fraction correct of 0.71.
Table 4.5 Fraction correct of local data assignment to spatial categories.
Spatial category
Woreda
Kebele
Distance nearest village

Fraction correct
Mean

Confidence interval (95%)

0.92
0.78
0.77

0.88 to 0.96
0.72 to 0.84
0.71 to 0.83

Distance nearest road

0.75

0.68 to 0.81

Distance to core forest

0.71

0.64 to 0.77

A comparison of GPS errors reported by local experts with those reported in the
FRD showed a slight systematic error of 0.65 m between the two datasets (Table
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4.6). A similarly slight bias was found between forest change areas as reported by
the local experts and forest change areas derived from high resolution remote
sensing imagery, in cases where these areas did not exceed 2 ha (Table 4.6). In
larger change areas (exceeding 2 ha), however, the absolute bias increased to 1.06,
implying that local experts had systematically underestimated the area of large
change polygons.
Table 4.6 Positional accuracy of local expert data.
Standard
Measure
Mean bias
deviation
GPS error (m)
0.65
1.79
Size of forest change
0.16
0.29
(ha); polygons <2 ha
Size of forest change
−1.06
1.26
(ha); polygons >2 ha

Confidence interval for
mean bias (95%)
0.62 to 0.68
0.13 to 0.20
−1.28 to −0.85

4.3.2.2. Temporal accuracy
Each forest change event was recorded by local experts with a time stamp that
represents the time at which the process of change took place. In total, 40
deforestation and 60 degradation locations were visually assessed from high
resolution remote sensing (SPOT and RapidEye) imagery. An example of the
visual interpretation of high resolution time-series of SPOT5 (2008–2010) and
RapidEye imagery (2012–2013) is shown in Figure 4.5. The locally mapped
polygon is displayed at the center of each subset of image. The interpretation
shows that the forest cover was significantly reduced after 2012.
The histogram of the temporal accuracy of locally determined change dates
compared to high resolution imagery for deforestation and forest degradation is
shown in Figure 4.6. Here, a positive temporal lag indicates that local experts
indicated a change date earlier than that determined using remote sensing data and
a negative time lag indicates the reverse situation. The results reveal that 33% of
deforestation events reported by local experts corresponded accurately to the dates
observed in the remote sensing data. In other cases, 25% and 20% of total
deforestation events as observed from remote sensing were detected one and two
years earlier than the local reported time, respectively (Figure 4.6). On the other
hand, the comparison of dates associated with forest degradation as reported by
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local experts shows that the majority of these signals were recorded one (32%) to
two (22%) years earlier than dates detected by remote sensing.

Figure 4.5 Example of visual interpretation to assess the temporal accuracy of the local
expert dataset; the image subset is based on SPOT5 data from 2008 to 2011 (red = Band 3,
green = Band 1, blue = Band 2) and two RapidEye images from 2012 and 2013 (red = Band
3, green = Band 2, blue = Band 1); a ground photograph taken by a local expert in 2013 is
also shown; the red polygon is the forest change mapped by a local expert; the forest
change occurred between 2012 and 2013.

Figure 4.6 Histogram of time lags in capturing deforestation (left) and forest degradation
by remote sensing (SPOT and RapidEye) imagery (right); a time lag is defined as the
difference between change dates observed from remote sensing image interpretation and
those dates recorded by local experts.
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4.3.2.3. Thematic accuracy
Thematic information is one of the added values of the local expert dataset
compared to remote sensing. Summaries of the accuracy assessment of three
thematic elements (the presence of forest, forest change type and drivers of forest
change) are shown in Table 4.7.
Table 4.7 Accuracy assessment of local expert data compared to field-based reference
dataset in the thematic domain.
Elements
Presence of forest
Forest change type
Driver of forest change

User accuracy
93%
83%
71%

Producer accuracy
92%
84%
68%

Overall accuracy
94%
83%
69%

The results show an overall accuracy of 82% for thematic elements compared to
the field-based reference dataset. The presence of forest was found to have a
producer’s accuracy of 92%, a user’s accuracy of 93% and an overall accuracy of
94%. The drivers of forest change had a comparatively lower producer’s accuracy
of 71%, a user’s accuracy of 68% and an overall accuracy of 69%.

4.4. Discussion
4.4.1.

Local expert-based forest monitoring system

The establishment of robust and reliable NFMS in developing countries is an
expensive and challenging task. Several studies have shown that CBM has the
potential to increase the saliency, credibility and legitimacy of such forest
monitoring systems (Danielsen et al. 2013; Danielsen et al. 2014; Danielsen et al.
2011; Fry 2011; Shrestha 2011; Topp-Jørgensen et al. 2005). However, current
studies do not clearly describe the following aspects of forest change monitoring
(related to activity data): 1) the long-term operational procedures of community
involvement, 2) technology selection, 3) consistency of local datasets and 4)
complementarity with remote sensing data. In this regard, we demonstrate an
operational forest monitoring system that includes local expert activity monitoring
data in the UNESCO Kafa Biosphere Reserve, Southern Nations, Nationalities and
People’s Region (SNNPR), Ethiopia. In general, our monitoring setup allows local
experts to collect forest change variables, such as geo-location, size of forest
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change, time of forest change and proximate drivers behind the change, in more
detail. Similar to previous studies (Bowler et al. 2011; Pratihast et al. 2012), we
also found that the use of mobile devices has a clear advantage over a paper-based
system in capturing photographs and multimedia information from the ground and
improves the local capacity in data collection, transmission and visualization
procedures (Figure 4.3 and Table 4.3). Furthermore, our results show that these
datasets are fully structured in terms of spatial, temporal and thematic detail and
capable of describing the forest change process well. While our results are based
on a local case study, these monitoring activities have the potential to be scaled up
to the national level and integrated with an NFMS.
The local expert-based forest monitoring system in this study faced some critical
barriers, such as systematic coverage and consistency in monitoring frequency.
Our results show that 53% of the local data were collected within 1 km of the local
road network, hindering systematic coverage of the study area. This restriction is a
result of poor road infrastructure or a lack of transportation means. A recent study
in Southwestern Ethiopia has shown that most forest change occurs in remote
locations far from urban areas (Getahun et al. 2013), suggesting that much of these
changes could not be fully captured by local experts alone. This mobility barrier
could be overcome by engaging local communities who live near the forest areas
of interest.
We also observed that the frequency of local data collection depends largely on
weather conditions and motivations towards monitoring activities. A decrease in
data acquisition was seen during the rainy season, indicating that weather has a
significant impact on the mobility of local people. This reduction in data frequency
may also be due to a decrease in disturbance activities by farmers during this time.
The motivation can be triggered by providing local experts with adequate
incentives for conducting monitoring activities even during adverse weather
conditions and also providing them with the necessary accessories and travel
means. Regular training and capacity building programs should also be conducted
to keep the local experts updated. While such initiatives in motivating the local
experts towards efficient monitoring may not fill the data gap completely, they
could help to substantially increase the commitment and long-term engagement of
local people towards monitoring.
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4.4.2.

Critical review on the accuracy of local datasets

In this study, we assessed the spatial, temporal and thematic accuracy of the local
expert dataset. Identifying the factors influencing these accuracies is important to
understanding the role that this dataset can play in a forest monitoring system. The
main influencing factors are explained in detail below.
4.4.2.1. Spatial accuracy
Spatial accuracy was influenced by three main factors: interpretation of
administrative boundaries, GPS errors and failure to map full polygons. First, the
administrative boundaries are not always visible on the ground. Local experts may
incorrectly interpret these boundaries when they are away from their own villages.
This error might be solved by providing base maps prepared by an Ethiopian
mapping agency and regional governments during field work, which may contain
the updated information regarding these administrative layers.
Second, GPS location error arises due to the weak signal caused by dense forests
and high slopes. Mobile devices used in this study achieve maximum GPS
accuracy by taking the average measurement from all available satellites reached
in a given time. GPS accuracy could be improved by using averaging positional
measurements over a longer period of time (Sigrist et al. 1999).
Third, the area of change estimated by local experts was found to be biased due to
difficulties in mapping large change polygons in the field. When an insufficient
number of polygon vertices was mapped by the local experts, resulting polygons
were smaller than those delineated by visual interpretation from remote sensing
imagery, giving rise to a negative bias in field-based area estimations. These errors
could be avoided by implementing a visualization feature in the mobile device
based forms, whereby local experts can see the polygon they have mapped while in
the field. Based on observed errors that arise in the mapping process, these can be
corrected by the local experts.
4.4.2.2. Temporal accuracy
To assess temporal accuracy of the local dataset, temporal lag was calculated based
on forest disturbance dates determined using remote sensing time-series data. The
temporal lag in detecting deforestation and degradation (Figure 4.7) is not
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necessarily a direct result of inaccuracies in the local dataset, but rather highlights
differences in the interpretation of change between ground-based and
satellite-based methods in the case of deforestation and forest degradation.
Evidence from our study indicates that deforestation is detected earlier using
higher resolution SPOT and RapidEye imagery compared to local expert
observations. This time lag in deforestation detection is likely due to differences in
the interpretation of change events. Since optical remote sensing observes changes
in the canopy cover of forests, changes delineated by visual interpretation of
remote sensing time-series were directly related to land cover changes. Local
experts, on the other hand, reported changes in land use (e.g., the conversion of
forest land to agricultural land) (Verburg et al. 2011). The difference between the
land cover and land use-based definition of deforestation is important in this case,
because actual land use change typically follows several years of gradual canopy
cover change. Whereas deforestation was understood by local experts to mean the
conversion of forest land to cropland, changes in the canopy cover in the years
preceding this change were often interpreted as land cover change (deforestation)
by the remote sensing analyst, thus giving rise to the temporal lag observed in this
study (Figure 4.6).
Interestingly, a reverse temporal lag was found in the case of forest degradation
reported by local experts. Optical remote sensing data are known to have
limitations with regards to the detection of low-level degradation, especially when
driven by fuelwood collection (Skutsch et al. 2014), as was found in this study
(Table 4.4). This low level degradation generally takes place underneath the forest
canopy and is thus not detectable using remote sensing data until degradation rates
are such that canopy openings begin to appear. For this reason, a delay in
degradation detection by remote sensing was found in this study. In many cases,
low-level degradation is not at all detectable with optical remote sensing data when
degradation fails to result in canopy openings. In this case, local datasets convey a
clear advantage when combined with remote sensing data to achieve a
comprehensive description of the degradation processes.
4.4.2.3. Thematic accuracy
While analysis of the thematic accuracy of the local experts’ dataset showed a high
overall accuracy (82%), the drivers of forest change were reported with a relatively
81

Combining satellite data and community-based observations for forest monitoring

lower accuracy (69%). One possible explanation for this lower accuracy could be
due to differences in perceiving the proximal drivers of forest change by local
experts and the team of professionals who were involved in collecting FRD.
Another explanation for this lower accuracy could be the complexity of multiple
drivers and dynamic nature of land use changes, which make categorization of
forest change drivers difficult. In the case of Ethiopia, multiple drivers, such as
fuelwood extraction, grazing, timber harvesting and agriculture expansion, operate
together and choosing the most prominent driver for such a situation is difficult
(Table 4.4). The reporting of drivers could be improved through improved form
design (e.g., using simplified classes and iconography).

4.4.3.

Potential role of local datasets in an integrated monitoring
system

4.4.3.1. Complementarity with remote sensing analysis
The local data stream presented in this chapter is not an investigation to replace or
compete with remote sensing-based monitoring data, which is conventionally used
in forest area change analyses, but is rather envisioned to be complementary to
these data. The complementarity between remote sensing and community
observations is described below in the context of several key REDD+ MRV
questions (Figure 4.7).
The first question for REDD+ MRV is the location of change. Remote sensing
approaches are highly suitable for answering this question. The value of remote
sensing data and their successful implementation to monitor forest change on
various scales (global, regional, national, etc.) and at various resolutions is well
established (Achard et al. 2010; Hansen et al. 2013). The advantages of these
methods include consistent data acquisitions, automated data processing and large
area coverage (De Sy et al. 2012; Hansen and Loveland 2012; Roy et al. 2014). A
main shortcoming is the need for spatially-explicit ground (in situ) data to enhance
the reliability of these remote sensing products (Li et al. 2013). There is always a
lack of spatially-explicit and statistically representative ground data, because this
information is expensive and time-consuming to acquire. To address this
deficiency, local data streams proposed in this study may provide a useful way to
complement remote sensing data. The spatial accuracy results of the local expert
data (Tables 4.5 and 4.6) show that local datasets can be used to better understand
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information related to local administration (e.g., the name of the district and
village) or geographical characteristics (distance to roads, nearest village and core
forest). Similarly, remote sensing may help to add value to local data streams by
providing wall-to-wall coverage, which can be used to validate local data streams.
The synergies of both methods may lead to a more efficient monitoring system for
data acquisition and to rendering reliable information.

Figure 4.7 Contributions of remote sensing and community observation for REDD+ MRV
monitoring objectives related to location, size, timing and drivers of forest change; black
arrows indicate a very strong contribution; dark grey arrows indicate a reasonably strong
contribution; and light grey arrows indicate a limited contribution to these monitoring
objectives.

The second REDD+ MRV question is the area of forest change. Both remote
sensing and local datasets have their own difficulties when used to map the area of
forest change. In general, remote sensing plays a promising role for mapping larger
areas, because of its ability to map wall-to-wall changes (Achard et al. 2010).
However, the trade-offs between the spatial and temporal capabilities of remote
sensing limits their use to monitoring small scale forest change (De Sy et al. 2012).
Since we have shown that local datasets are sufficiently accurate to track small
forest changes, the overall mapping of forest change area can be enhanced by
exploiting the synergy between these datasets.
The third REDD+ MRV question is related to the timing of forest change.
Historical archives of remote sensing imagery and the prospect of a continuous
data stream based on new satellites, such as Landsat 8 and Sentinel-2, offer a
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possibility to analyse the temporal patterns of forest change and the impact of
human activities (Drusch et al. 2012; Hansen and Loveland 2012). However, the
temporal accuracy of detected changes based on this imagery depends on: 1) the
availability of cloud-free observations, 2) the seasonality and climate trends and 3)
the spatial scales of land cover change phenomena. In areas with high persistent
cloud cover, the detection of actual changes can be delayed due to missing
observations and the seasonality of vegetation can obscure actual changes. Climate
events, such as major droughts, can result in temporal signals that resemble actual
change, thus contributing to errors. Finally, the scale of change can influence the
time at which a change is detected from space. Specifically, we have seen in this
study that higher resolution SPOT and RapidEye imagery detect deforestation
earlier than local experts, whereas the detection of forest degradation using remote
sensing data is delayed compared to that of local experts. Reports of small scale
deforestation and forest degradation from local experts can therefore contribute to
an improved understanding of change processes, and the integration of both
methods should lead to a more efficient system to signal new changes in near realtime.
The final REDD+ MRV question is related to the driver of forest change. NFMS
for REDD+ needs to be designed to track and completely document the drivers of
forest change processes (UNFCCC 2013). Drivers vary across regions (Hosonuma
et al. 2012), leading to different dominant forest change processes and different
approaches needed to tackle these drivers (Skutsch et al. 2011) . In general, remote
sensing has limited capabilities to track forest change drivers, whereas community
observations are very accurate in reporting these drivers. These drivers of change
can be better understood with an intimate knowledge of forest change processes,
and this information has the potential to enhance the pertinence of the remote
sensing data analysis. Information on drivers collected by local experts thus
presents new opportunities for monitoring forest change events.
4.4.3.2. Link to the national forest monitoring system (“Up-Scaling”)
The UNFCCC encourages developing countries to establish an NFMS in support
of REDD+ MRV (UNFCCC 2013). The NFMS needs to monitor forest carbon and
changes in compliance with the five IPCC principles: consistency, transparency,
comparability, completeness and accuracy (IPCC 2006). However, most
developing countries have a low monitoring capacity, and the development of
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these capacities will take considerable time and resources (Romijn et al. 2012). In
this research, we found that local communities can monitor forest changes in a
cost-effective way. By scaling up CBM activities to the national level, these
capacity gaps can be addressed in an efficient and cost-effective way. Developing
countries should therefore give priority to CBM in developing their NFMS and
MRV systems.
The UNFCCC REDD+ also offers an opportunity for safeguards, biodiversity
conservation and other ecosystem services beyond carbon sequestration (Balderas
Torres and Skutsch 2012; Chhatre et al. 2012; Dickson and Kapos 2012).
Monitoring all of these elements within REDD+ is a challenge. Our proposed local
monitoring system is based on well-established monitoring principles and
experiences. The main advantage of the system is the flexibility in design. The data
acquisition side of the system can be easily modified and it can incorporate other
types of environmental monitoring variables. Thus, the integration of other
environmental monitoring variables may lead to long-term benefits (DeFries et al.
2007) and shape the future of REDD+ monitoring and implementation efforts
(Visseren-Hamakers et al. 2012).

4.4.4.

Future research directions

Although our study is founded on the argument that considerable progress can be
made towards community-based forest monitoring in REDD+, there is a clear need
for improvements to the monitoring set-up. The first area of improvement is the
engagement of local communities that have an impact on the success of the
proposed monitoring setup. In our study, local experts were employed and the
acquaintance of the local people with their local area was a clear advantage in
monitoring local changes. Moreover, the feeling of ownership that local people
have for their locale has a strong influence on the motivation to participate. Local
capacities should therefore be developed through extensive training. The second
area of improvement is related to data entry errors. Advancements in hand-held
devices, such as smart phones and PDA devices, will improve local participation
within monitoring programs. The application of mobile devices can improve the
local participation and reduce data entry error within monitoring programs
(Pratihast et al. 2012). However, further improvement is needed in terms of user
friendly form design. Specifically, drop-down selection options and multimedia
(photos, video and audio) are preferable to manual text entry, which is prone to
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entry errors. Finally, there is a need to integrate near real-time data streams from
both satellites and CBM. Recently, efforts have been made towards improving near
real-time forest monitoring using remote sensing data (Achard et al. 2010;
Verbesselt et al. 2012). However, the efficacy of near real-time monitoring from
ground-based sources, such as CBM, has not yet been investigated. Addressing
these gaps in CBM is an important next step in the arena of REDD+ MRV and
NFMS.

4.5. Conclusions
Community-based monitoring is gaining popularity and large volumes of ground
observations that can potentially enhance forest monitoring are being generated.
To tap into this potential, we need a better understanding of local data
contributions, in particular their consistency and complementarity with remote
sensing.
In this article, we present a novel approach to monitor forest change through local
experts and evaluate the accuracy and complementarity of local datasets over fieldbased reference measurements and high resolution satellite imagery from SPOT
and RapidEye. We demonstrate the application of the approach by implementing a
CBM case study with 30 local experts in the Kafa Biosphere Reserve in Ethiopia.
The proposed approach helps us to understand the characteristics and
competencies of local datasets. The results show that the local experts are accurate
compared to field-based observations and high resolution remote sensing in
providing the spatial, temporal and thematic details of the forest change process.
Local monitoring data also offer a way to complement and enhance remote
sensing-based forest change analysis. In future research, we foresee new ways to
integrate local expert monitoring data with satellite-based monitoring data into
NFMS in support of REDD+ MRV and near real-time forest change monitoring.
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Annex: additional material of chapter 4
Table A4.1 The details of SPOT and RapidEye scenes used in this study; the tile IDs of
SPOT images are based on the SPOT K-J reference grid.
Sensor
Tile ID
Date of acquisition
133–336
2-03-2005
133–335
2-03-2005
132–335
12-22-2005
SPOT4
134–336
12-11-2006
134–335
12-11-2006
133–336
6-07-2006
133–335
11-02-2007
133–335
12-28-2008
133–335
1-12-2009
133–335
1-01-2010
133–335
24-3-2011
134–336
2-06-2011
134–335
2-06-2011
SPOT5
134–335
2-06-2011
133–336
2-15-2011
133–336
1-26-2011
133–335
3-24-2011
133–335
3-24-2011
133–335
3-24-2011
132–335
2-05-2011
RapidEye
3642428
12-12-2012
3642528
12-12-2012
3642528
2-24-2013
3642627
12-12-2012
3642628
2-24-2013
3642727
2-24-2013
3642728
2-24-2013
3742302
10-17-2012
3742401
1-02-2013
3742402
10-17-2012
3742501
2-24-2013
3742502
1-05-2012
3642428
1-02-2013
3642527
12-12-2012
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Sensor
RapidEye

Tile ID
3642827
3642828
3742302
3742302
3742402
3742402
3742403
3742403
3742403
3742501
3742502
3742502
3742502

Date of acquisition
2-24-2013
2-24-2013
1-01-2012
2-25-2013
1-01-2012
2-25-2013
1-01-2012
10-17-2012
2-25-2013
1-02-2013
10-17-2012
1-02-2013
2-25-2013
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Abstract
This chapter describes an interactive web-based near real-time (NRT) forest
monitoring system using four levels of geographic information services: 1) the
acquisition of continuous data streams from satellite and community-based
monitoring using mobile devices, 2) NRT forest disturbance detection based on
satellite time-series, 3) presentation of forest disturbance data through a web-based
application and social media and 4) interaction of the satellite-based disturbance
alerts with the end-user communities to enhance the collection of ground data. The
system is developed using open source technologies and has been implemented
together with local experts in UNESCO Kafa Biosphere Reserve, Ethiopia. The
results show that the system is able to provide easy access to information on forest
change and considerably improves the collection and storage of ground
observation by local experts. Social media leads to higher levels of user interaction
and noticeably improves communication among stakeholders. Finally, an
evaluation of the system confirms the usability of the system in Ethiopia. The
implemented system can provide a foundation for an operational forest monitoring
system at the national level for REDD+ MRV applications.
Keywords
REDD+; remote sensing; time-series; near real-time;
monitoring; social media; Web-GIS; Kafa; Ethiopia
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5.1. Introduction
Tropical forests play an important role in stabilizing the climate, providing food,
water, wood products and provide a habitat for biodiversity (Gullison et al. 2007).
Deforestation and forest degradation are now widely acknowledged by the
scientific community as a major contributor to recent increases in atmospheric
greenhouse gas (GHG) concentrations and changes to the world's hydrological
cycle (Bonan 2008; Hansen et al. 2013). To reduce atmospheric GHG
concentrations, the United Nations Framework Convention on Climate Change
(UNFCCC) has proposed an international carbon trade mechanism; Reducing
Emissions from Deforestation and Degradation (REDD+) to enable forest
conservation, sustainable management of forests and the enhancement of forest
carbon stocks in developing countries (UNFCCC 2009). Aside from being an
important step towards reducing GHG concentrations, REDD+ also includes
considerations for co-benefits, safeguards and biodiversity protection (Dickson and
Kapos 2012; GOFC-GOLD 2014; IPCC 2006).
Several bilateral and multilateral efforts, such as the World Bank administered
Forest Carbon Partnership Facility (FCPF), the UN Collaborative Programme on
Reducing Emissions from Deforestation and Forest Degradation in Developing
Countries (UN-REDD Programme), and the Norwegian International Climate and
Forests Initiative are currently supporting developing countries to prepare
Readiness Preparation Proposals for the implementation of REDD+ projects at the
national level (FCPF 2012; Skar 2012; UN-REDD 2009). One of the main tasks
for countries participating in REDD+, as requested by the UNFCCC (Decision
2/CP.19) (UNFCCC 2013), is to develop an operational, robust, transparent and
cost-effective national forest monitoring system (NFMS) that supports measuring,
reporting and verification (MRV) of actions and achievements of REDD+
activities (DeVries and Herold 2013; Herold and Skutsch 2008; Romijn et al.
2012).
Currently most forest monitoring focuses on activity data i.e. data on forest cover
changes (DeVries and Herold 2013) and two approaches are used: top-down and
bottom-up. The top-down approach utilizes satellite systems (De Sy et al. 2012;
DeFries et al. 2007) whereas the bottom-up approach utilizes ground observation
through government agencies (Tomppo et al. 2010), community-based monitoring
(CBM) (Danielsen et al. 2011), participatory monitoring (Danielsen et al. 2009) or
93

Design and implementation of an interactive near real-time forest monitoring system

volunteered geographic information (Connors et al. 2012). Satellite data provides
systematic coverage and higher frequency acquisition at a low cost which is crucial
for near real-time (NRT) forest monitoring (De Sy et al. 2012; Lynch et al. 2013).
Recently, efforts have been made to establish an operational time-series based
NRT forest monitoring system (Wheeler et al. 2014). These efforts include the use
of optical remote sensing satellites such as MODIS (Anderson et al. 2005;
Shimabukuro et al. 2007) and Landsat (Hansen et al. 2008). NRT system
contributes to better forest management, allows governments and local
stakeholders to take action which may avoid or reduce illegal activities and
enhances transparency in the use of forest resources. However, the operational use
of these systems are influenced by several factors such as cloud cover, seasonality
and the limited spatial, spectral and temporal resolution of satellite observations
that lead to inevitable lag in forest change detection (Asner 2001; De Sy et al.
2012). Furthermore, existing systems are not capable of providing information on
forest degradation and regrowth, and do not consider community involvements for
ground verification, validation and law enforcement activities.
Bottom-up ground observations have traditionally been produced, analysed and
disseminated by trained experts, often from government agencies. The major
drawbacks bottom-up data are that they are expensive, often not NRT and therefore
are not fit for REDD+ MRV needs (Pratihast et al. 2013; Romijn et al. 2012). In
the last few years, CBM has become popular in REDD+ countries as a way to
increase local participations and engagements in forest monitoring and
management processes (Danielsen et al. 2013; Fry 2011; Pratihast et al. 2013;
Skutsch et al. 2014). Several transparent, logical, feasible and repeatable methods
have been proposed by researchers to demonstrate that communities can contribute
to: 1) forest carbon stock measurements and emission factor assessments (Brofeldt
et al. 2014; Danielsen et al. 2013; Pratihast et al. 2012; Shrestha et al. 2014) and 2)
forest change monitoring (activity data quantification) (Bellfield et al. 2015;
Pratihast et al. 2014; Pratihast et al. 2012). Because of communities’ presence on
the ground, they are able to signal forest change activities (deforestation, forest
degradation or reforestation) and to provide information, such as location, time,
size and proximate drivers of the change events on a NRT basis (Pratihast et al.
2014; Skutsch et al. 2011; Torres et al. 2014). Modern electronic communication
devices, such as smartphones, have simplified efforts in data collection and
transmission (Aanensen et al. 2009; Gouveia et al. 2004; Pratihast et al. 2012).
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However, issues have arisen when integrating CBM data into NFMS including: 1)
lack of confidence in the data collection procedure, 2) inconsistent monitoring
frequency, 3) limited spatial coverage, 4) variable data quality and 5) lack of trust
of data providers (Conrad and Hilchey 2011; Danielsen et al. 2010; Pratihast et al.
2014; Skarlatidou et al. 2011). Recent advances in technologies like Web 2.0, GIS,
remote sensing, big data processing, mobile devices and social media have
however provided possible solutions to the identifies issues (Gouveia et al. 2004;
Li et al. 2015; Newman et al. 2011).
In the past, two independent approaches have been used to monitor the forest of
UNESCO Kafa Biosphere Reserve, Ethiopia: remote sensing analysis (DeVries et
al. 2015b) and community-based monitoring (Pratihast et al. 2014). Both
approaches have shown advantages and disadvantages but neither of the
approaches was comprehensive enough to monitor all types of forest change (i.e.
deforestation, forest degradation and reforestation). In the first approach, dense
Landsat Normalized Difference Vegetation Index (NDVI) time-series were used to
monitor small scale deforestation with high accuracy (DeVries et al. 2015b).
However, it has limitations in monitoring forest degradation. In the second
approach, CBM using local experts was found to be more reliable in monitoring
forest degradation with spatial, temporal and thematic details (Pratihast et al.
2014). Nevertheless, these data had limited spatial coverage, and a lack of
consistency in monitoring frequency and temporal accuracy in deforestation
detection (Pratihast et al. 2014). Hence, effective monitoring will likely require an
integrated approach, where detailed community-based observations are combined
with remote sensing satellites (Pratihast et al. 2014). Compared to traditional
systems, our proposed an interactive forest monitoring system (IFMS) offers some
immediate advantages:
1) up-to-date information on forest change location, size, timing and drivers of
forest change which are consistent over time.
2) cost-effective and sustainable data collection due to open source software and
open data policies.
3) transparent results which can be integrated into to NFMS/national MRV
systems.
4) potential to enhance participation of stakeholders in forest monitoring and
management.
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Despite this potential, the effective development of interactive NRT forest
monitoring system is currently lacking due to several reasons. Firstly, there are no
operational methods to analyse forest change information from multisource data
streams (i.e. Satellite and CBM in NRT). Secondly, there is no system that can
systematically store, visualize and provide access to the forest change information
via the internet to the local stakeholders. Thirdly, there is a lack of spatial and
temporal forest change search query capabilities. Lastly, interaction between users
and the system is generally “passive”, in the sense that individuals do not receive
feedbacks on the submitted data. This has motivated us to develop an IFMS which
uses Web-GIS as its integrating platform. We have used knowledge from distinct
areas of research on public participation Geographic Information Systems (PPGIS)
(Kingston et al. 2000), environmental monitoring through Web-GIS (Dragićević
and Balram 2004), community-based monitoring (Pratihast et al. 2013),
agricultural fields planning (De Bruin et al. 2014), satellite-based NRT forest and
fire monitoring (Keramitsoglou et al. 2004; Vadrevu et al. 2008; Verbesselt et al.
2012; Werts et al. 2012), spatial data infrastructure (Maguire and Longley 2005),
social networking (Daume et al. 2014; Van Oort et al. 2010) and open source
technologies (Bocher et al. 2012). The aforementioned research and technologies
demonstrate that developing a satellite-community forest monitoring systems is
possible as technologies to support such system are mature. In addition web
mapping platforms together with mobile technologies (OpenDataKit 2012) offer a
unique opportunity to integrate satellite data and community-based observations to
monitor forest disturbances whereby the participation of the local stakeholders in
forest monitoring is ensured. However, implementation challenges need to be
explored and evaluated on a case-by-case basis. In particular, open data policies
(Wulder et al. 2012), big data processing environments (Li et al. 2015), and
advancement in satellite time-series methods (DeVries et al. 2015b; Verbesselt et
al. 2010) should be considered.
The objectives of this study are 1) to design an interactive system which combines
Web-GIS technologies, satellite and CBM data, and social media to support near
real-time forest monitoring, 2) to implement and operationalize the developed
system in the UNESCO Kafa Biosphere Reserve in Southwestern Ethiopia and 3)
to assess the usability of the system in Kafa.
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5.2. Material and methods
5.2.1.

Study area and project context

The study site is located in the Kafa Zone (7.22°E to 7.84°E and 35.59°N to
37.17°N) Southern Nations Nationalities and People’s Region (SNNPR), in
Southwestern Ethiopia. It covers an area of 700,000 ha. The Kafa region was
recognized as a Biosphere Reserve within UNESCO’s Man and the Biosphere
program in March, 2011. It has a seasonal climate with annual rainfall of around
1700 mm; the rainy season lasting from June to September. The altitude ranges
from 400 to 3100 m with an average annual temperature of 19°C. A large portion
(~50%) is still covered by Afromontane cloud forests (Schmitt et al. 2010). The
region is also recognised as the gene bank of Coffee Arabica (Aerts et al. 2015)
and of many other endemic species of plants, mammals and birds. Although the
forest has been protected through UNESCO’s conservation programs, still there are
many challenges that have threatened its ecological coherence. Subsistence
agriculture, human settlements expansion, industrial coffee plantations, domestic
firewood and charcoal extractions are recognised as the major drivers of
deforestation that has negative impact on the integrity of the reserve (Pratihast et
al. 2014).
The proposed study was conducted, within the framework of the Nature and
Biodiversity Conservation Union (NABU) project. The Kafa Zone Bureau of
Agriculture and Rural Development, Participatory forest management (PFM)
group, Woredas and Kebeles (an administrative unit at different levels) authority
were main Stakeholders of this project. Under collaborative scheme of monitoring
(Danielsen et al. 2009), one local expert from each of the ten Woredas was
recruited. These local experts had at least a basic education background and some
fundamental understanding of forest monitoring. A mobile device (Samsung GTS7710) equipped with a global positioning system (GPS) receiver was provided to
each of these local experts to acquire forest monitoring data. These experts also
have other responsibilities, such as the biodiversity monitoring, development of
ecotourism, reforestation, community plantations and awareness raising for the
sustainable use of forest resources (e.g., honey and wild coffee).
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5.2.2.

System architecture

Our web-based geospatial platform IFMS was designed in a collaborative manner
with local stakeholder to assist them in identifying forest change locations in NRT
and to facilitate the optimal allocation of information about the change (Dragićević
and Balram 2004; Goodchild 2007; Pratihast et al. 2014; Werts et al. 2012). The
functional features of the system are: 1) functionality to download, store and
process NRT forest change detection using Landsat time-series images, 2) facility
to upload ground observations and download forest change locations on-demand,
3) ability to map and show the hotspots of forest changes in space-time, 4)
capability to provide feedback to local stakeholders and 5) functionality to provide
interaction through social media.

Figure 5.1 Diagram of the interactive web-based near real-time forest monitoring system.

Multi-layered software architectures are commonly used for the development of a
distributed, dynamic, flexible and re-configurable service system over the internet
that can ensure the service requirements of many different users (Bimber et al.
2000). In this research, we implemented multi-layered software architecture in a
modular fashion. Figure 5.1 summarizes the general framework which was adapted
to design the IFMS. The design of the IFMS is organized into four functional
modules: 1) NRT data acquisition and processing, 2) storage and mapping, 3)
presentation and interaction and 4) feedback. The above mentioned four modules
comprise the primary server side functionality. On the client side, users (local
stakeholders and forest professionals in charge of monitoring and decision making)
send requests to the server via a Mobile device or Web-based graphic user
interface (web-browser). The server carries out the corresponding spatial analysis
and conveys the results to the client for feedback, interaction and visualization.
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The framework is scalable and extensible so that additional functions or map layers
of external data sources can be easily added to the application.

5.2.3.

System implementation

Each of the modules was developed using open source tools (Table 5.1) and are
described as follows:
1)

2)

3)

The data entry is facilitated by a decision-based data acquisition form using
open data kit (ODK) (Pratihast et al. 2014; Pratihast et al. 2012). The form
renders on an Android platform through ODK collect, which allows multiple
data records to be entered (text variables, GPS position, photo etc.) and stored
on a mobile device. After data collection, users transfer the collected data to
the database server through a general packet radio service (GPRS) message
via 2G, 3G or other networks.
A semi-automated process chain was developed to download, store and
process Landsat image time-series. All the historic as well as continuously
acquired Landsat ETM + images with WRS-2 coordinates, path 170 and row
55 at processing level1 are obtained from the United States Geological Survey
(USGS) server (http://earthexplorer.usgs.gov/). After downloading the
Landsat data, multiple pre-processing steps are applied: LEDAPS method
(Masek et al. 2006) for conversion of raw imagery from digital number to Top
of Atmosphere Reflectance and Surface Reflectance, FMASK algorithm (Zhu
and Woodcock 2012) for cloud masking, forest clipping to the specified
region and NDVI extraction. We used the BFAST method (Verbesselt et al.
2012) for breakpoint detection in Landsat NDVI time-series images for NRT
forest change detection.
The spatial database structure was designed, which allows different types of
data, including basic geographic data, ground observation data and remote
sensing information, to be stored, managed and accessed through structured
query language (SQL). Basic geographic data include the geometry of
Woredas, Kebeles and boundaries of the Biosphere Reserve. We used
PostgreSQL with PostGIS extension to implement our design. Stored datasets
are published using Geo-server as a Web Map Service (WMS) that is
compliant with Open Geospatial Consortium (OGC) specifications. We used
OpenLayers and JQuery JavaScript libraries to provide client side
functionality to display and render maps in web pages.
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4)

A graphical user interface was developed using Hyper Text Markup Language
(HTML), Cascading Style Sheets (CSS) and Hypertext Preprocessor (PHP). In
addition to this, we also provide dynamic spatio-temporal query and social
media plugins features. These features allow users to generate forest change
locations on-demand; to download forest change locations in usable GPS
exchange format (GPX) format which can directly be used on a GPS device;
and to efficiently communicate results using social media sites. The “Near
Real-Time Disturbance Monitoring - Kafa Biosphere Reserve” is a Facebook
group for posts, discussions and comments regarding the results.

Table 5.1 Open source tools used for the development of the interactive web-based near
real-time forest monitoring system.
Open source
Version
Function
Source
tools
Decision-based ground data
https://opendatakit.org/he
ODK Design
acquisition form design
lp/form-design/
ODK Collect
1.4.5
Renders forms into a sequence http://opendatakit.org
ODK
1.3.2
Deploy data into server
http://opendatakit.org
Aggregate
Bulk Download
Downloading Landsat
http://earthexplorer.usgs.
1.1.4
Application
imagery
gov/bulk/
R
2.14.1
Time-series analysis
http://r-project.org
http://dutri001.github.io/
BFASTSpatial
Time-series analysis
bfastSpatial/
PostgreSQL
9.1
Database
http://postgresql.org
Spatial extension for
http://postgis.org
PostGIS
2.0.6
PostgreSQL
Apache
2.2.22
Web server
http://httpd.apache.org
GeoServer
6.0.3
Web mapping server
http://geoserver.org
OpenLayers
1.12
Frontend web mapping library http://openlayers.org
jQuery
1.8
Frontend JavaScript library
http://jquery.org
PhP
5.4.36
Web development
http://php.net/

5.2.4.

System evaluation

Several approaches have been proposed by researchers to evaluate Web-GIS
systems (Bugs et al. 2010; Li et al. 2006; Werts et al. 2012). Most of these
approaches are focused on technological aspects rather than usability aspects
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(Renate Steinmann 2004). In this study, we emphasize the usability aspects of
Web-GIS system in terms of “fitness for purpose”. Fitness for purpose concerns
the degree to which a system fits the users’ needs, thus bringing the utility of the
system closer to the users requirements (Pôças et al. 2014). The evaluation
framework of the IFMS is shown in Table 5.2 which comprises a three-step
process: 1) identifying the purpose, 2) exploring the indicators associated with the
purpose and 3) finding out an appropriate data source for each indicator. Each of
these steps was performed in a systematic way to perceive ease of use of the
offered system.
In the first step, the purpose of the IFMS design is reviewed. The main purposes of
IFMS is 1) to ensure stakeholder participation and interaction in forest monitoring
process, 2) to provide up-to-date and accurate information on forest change which
are consistent over time that can be integrated into NFMS/national MRV system
and 3) to increase awareness and law enforcement. These purpose were identifies
primarily with forest monitoring objectives in mind, but also were compliant with
REDD+ MRV requirements (Danielsen et al. 2009; Pratihast et al. 2014; Pratihast
et al. 2013; Visseren-Hamakers et al. 2012). In the second step, the set of
evaluation criteria of the IFMS was defined. After defining the evaluation criteria
of the system, a list of indicators associated with each criteria were compiled. We
compiled a list consisting of 12 potential indicators. The evaluation criteria served
as a necessary intermediary link between purpose and indicators that enabled more
systematic and coherent evaluation of the system. In the third step, we employed
both qualitative and quantitative research approach to achieve the relevant
information. First, we established email communication with NABU project coordinator, the qualitative approach, to gather all relevant and existing records on
IFMS systems and their uses as perceived by different stakeholders in Kafa
Biosphere. Second, the quantitative source of information was obtained from
ground-based forest monitoring alerts provided by local experts and forest change
alerts obtained from Landsat analysis. Furthermore, user interaction statistics were
obtained from social media page and system log analysis.

101

Design and implementation of an interactive near real-time forest monitoring system

Table 5.2 Indicators used for the evaluation of interactive web-based near real-time forest
monitoring system in context of REDD+.
Purpose 1: stakeholder participation and interaction in forest monitoring process
Evaluation criterion Indicators
Source
Training and capacity Number of training
Training and capacity events after the
building activities
and capacity events launch of the system
[Source : Institutional record*]
Number of
Registration forms of participant
participants
[Source : Institutional record *]
Use of services
Number of visitors
System view statistics
of the system
Multiple requests from the same IP
address are counted as one view
[Source : System* log analysis]
Engagement in
Number of users in
User statistics Facebook group
debate and
social media group
[Source : Facebook group*]
knowledge sharing
Number of
Post statistics Facebook group
post/feed in the
[Source : Facebook group*]
social media group
Responses to posts
Post seen, like and comments
Percentage of user engagements=
[Number of user seen+ Number of user
like+ Number of user comments on the
post] / Total number of user*100
[Source : Facebook group*]
Purpose 2: Provide up-to-date and accurate information on forest change which are
consistent over time and can be integrated into the national forest monitoring system/
national MRV system
Ground-based forest
Number of
Near real-time ground-based forest
monitoring alerts
ground
monitoring
observations
[Source: ground observation datasets]
alerts
Satellite-based forest
Number of
Near real-time satellite-based forest change
change alerts
satellite-based
alerts concerning patches larger than 0.5 ha
forest change
[Source: Landsat time-series analysis]
alerts
Consistency of
Spatio-temporal
Number of ground observation associated to
ground-based
coincidence
identified satellite-based alerts (within the
observations and
radius of 1 km)
[Source: ground observation datasets]
satellite-based alerts
Thematic
Percentage of agreements (‘true’, ‘success’)
agreement
or disagreement (‘false’, ‘failure’) of a
series of satellite-based alerts visited by
local experts
[Source: ground observation datasets and
Landsat time-series alerts ]
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Purpose 3: Increase awareness and law enforcement
Law enforcement
Number of illegal
Illegal activities reported by local experts
activities
[Source: ground observation datasets]
Awareness
Awareness
List of Awareness program
approach
[Source: Institutional record*]
*Institution:- NBAU project office, Kafa Ethiopia (http://www.kafa-biosphere.com/ )
*System:- Web-based interactive near real-time forest monitoring system (www.cbm.wur.nl )
*Facebook group:- Near Real-Time Disturbance Monitoring - Kafa Biosphere Reserve
(https://www.facebook.com/groups/kafa.forest.monitoring/)

5.3. Results
5.3.1.

Overview of the system

The developed web-based IFMS can be accessed at: http://www.cbm.wur.nl. A
screenshot of the deployed IFMS is shown in Figure 5.2. The right panel of Figure
5.2 shows the mapping interface of the system. This interface provides the
overview of the mapping layers and adequate mapping functionalities (e.g., layer
selection, zooming and panning facilities). The data layers are organised into three
information categories: administrative boundaries, historical forest change and near
real-time forest change. By default, the interface shows Bing Maps image as
background layer overlaid with NRT satellite-based forest change alerts (in Red)
and ground observation (in Blue), which are also shown in Figure 5.2. The left
panel shows the interface for spatial and temporal querying. A temporal query is
defined by a start date and an end date, while a spatial query identifies a location
window. The SQL meeting both conditions are selected from the database and are
available for download in GPX format. This GPX format helps the local experts to
transfer the monitoring alerts on their GPS device. These alerts empower local
expert to reach at suspected locations of recent forest change.
Figure 5.3 exemplifies ground observation data collected by local experts. The
screenshot demonstrates that these data contain three categories of information:
spatial, temporal and thematic. The spatial category includes GPS location,
administrative boundary information of forest change location and the estimated
size of forest change. The temporal category includes time of forest change.
Finally, thematic category provides the information about Land use type, forest
change type, drivers of forest change, photo and multimedia description of the
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forest change location. These datasets contain some sensitive information such as
driver of forest change, photo and multimedia description about the process of
change. Hence, access restrictions have been made for the general public, but
authorised users can have full access and download facilities to all the attributes of
these ground data.
Figure 5.4 shows a social network group meeting in which stakeholders discuss
about the illegal firewood extraction from one of the PFM sites. The page provides
a number of services to the stakeholders such as: 1) posting information about
forest monitoring, 2) encouraging discussion on controversial issues, 3) engaging
user in the expression of feelings for monitoring of areas of concern and hotspots
and 4) instant messaging among participants.

Figure 5.2 Web interface showing an example of a visualization interface for the Kafa case
study. In this example, forest change polygons derived from Landsat data are displayed in
red and local observation points in blue.
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Figure 5.3 Web interface showing an example of a visualization interface for ground
observation collected by local experts.

Figure 5.4 Screen dump of social network Facebook group “Near Real-Time
Disturbance Monitoring - Kafa Biosphere Reserve”.
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5.3.2.

System evaluation result

The IFMS was launched in October 2014. The evaluation was conducted for seven
months to allow adequate time for the target user community to use the
application. We have divided these seven months of implementation into three
phases: a kick-off phase, a demonstration phase and an operational phase. During
the kick-off phase (October 2014), the system was launched and a series of
intensive training and capacity building programs were conducted to encourage
user participation. In the demonstration phase (November- December 2014), the
system was used with some improvements and limited assistance was provided to
the users. During the operational phase (January to April 2015), users were able to
use the system independently. The following subsections summarize the evaluation
result of IFMS under three categories of purpose indicated in Table 5.2.
The overall evaluation results concerning stakeholder participation and interaction
are shown in Table 5.3. During the kick-off phase of the system, stakeholders were
indicated the need for training and capacity-building programs. Hence, one week
training workshop (27th October 2014 to 3rd November 2014) was conducted in
Kafa, Ethiopia. Whereas in demonstration and operational phase, users are already
well trained with the implemented system and thus less training and capacitybuilding efforts were needed. In total, 37 participants participated during kick-off
phase, but the participants' number dropped to 15 during the demonstration and
operational phase of the system. The main reason behind this drop is that
participants from different organisation such as Kafa Zone Bureau of Agriculture
and Rural Development, PFM groups, Woredas and Kebeles were invited to join
the training during the kick-off phase of the system. However, all of these
participants were not directly involved in ground observation, hence only the
interested one joined for the follow-up training.
The web log history about the number of visitors the IFMS (Table 5.3) shows that
the use of the system in Kafa biosphere reserves doubled in the operational phase
compared to the kick-off and demonstration phases. In line with this, the Facebook
group user statistics shows a small increment of users during demonstration and
operational phase of the system. The Facebook post results increased by factor 2 in
the demonstration phase and by factor 3 in the operational phase of the system
(Table 5.3). The average users' engagements in each of post also increased
throughout this implementation phase of the system.
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Table 5.3 System performance for stakeholder participation and interaction in forest
monitoring processes.
Indicator value (per month)
Indicators
Kick-off phase Demonstration phase Operation phase
Number of trainings
and capacity-building
7 days
2 days
1 day
events
Number of participants
in training and capacity37
15
15
building activities
Number of visitors of
4
4
8
the services
Number of users in
24
26
28
social media page
Number of post feed on
5
10
15
Facebook group
Percentage of
engagement in debate
72%
78%
87%
and knowledge sharing

The evaluation results concerning up to date and accurate information on forest
change are summarized in Table 5.4. Local experts uploaded many NRT ground
observation alerts during the kick-off phase of the system. The numbers of ground
observation decreased in the demonstration phase while they slightly increased
during the operational phase of the system. It might be due to topography,
seasonality and weather condition. In contrast, the number of satellite-based NRT
forest change alerts (greater than 0.5 ha) increased to 88 locations per month
during the operational phase of the system. The number of spatio-temporal
coincidence analysis shows that more than 50% of the local monitoring reports
were recorded within 1 km radius of identified hotspot sites. The thematic
agreement results (Table 5.4) show that the accuracy of satellite-based forest
change alerts improved to 77% during the operational phase.
Table 5.4 System performance for near real-time information on forest change.
Indicator value (per month)
Indicator
Kick-off phase
Demonstration phase Operation phase
Number of ground
173
103
114
observations alerts
Satellite-based near real27
20
88
time forest change alert
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Indicator
Number of spatiotemporal coincidence
Thematic agreement

Indicator value (per month)
Kick-off phase
Demonstration phase Operation phase
90

65

62

74%

71%

77%

Increased awareness was evaluated based on two aspects. The first aspect involves
a decrease in the number of illegal activities. During the Kick-off phase of the
system, 22 incidents were reported. This number decreased by almost 50% in the
subsequent phases in it, i.e. 15 events were reported in the demonstration phase
and 12 in the operational phase. The second aspect involves two modes of public
awareness events that were organized to increase awareness of locals about forest
protection. On 17th March 2015 there was a (30 minutes) radio program on the
Kafa Community Radio to disseminate information about the forest disturbance
alerts and protection efforts. Secondly, awareness meetings were conducted by
spiritual leaders of the community throughout the Biosphere reserve. In total 447
peoples participated in these meetings. Details on the awareness programs are
provided in Table A5.1 in the Annex.

5.4. Discussion
5.4.1.

Reflection on design and implementation of the system

Several authors (Reiche et al. 2015; Shimabukuro et al. 2007; Xin et al. 2013) and
some governmental initiatives (e.g., Brazil Detecção de Desmatamento em Tempo
Real (DETER) (Assunção et al. 2014)) have emphasized the importance of
combining technologies, services and data sources to build credible and legitimate
NRT forest monitoring system at the appropriate scale, either at local or provincial
or even at national scales. These systems provide the information about
deforestation hotspots. Such information have made it possible for law
enforcement, mobilize civil society organizations, and the media to react to illegal
activities quickly and reduce the rate of deforestation (Börner et al. 2015; Souza Jr
et al. 2009). However, the reality is that most of the tropical countries have limited
technical and financial capacities to design and operate such kind of system
(Romijn et al. 2012). In this regard, we have been able to demonstrate the design
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and implementation of a web-based NRT IFMS and evaluate its usability in the
Kafa Biosphere Reserve, Ethiopia.
Compared to the existing forest monitoring system, our IFMS differs in the
following aspects:
1) Open source-based system: Recently, some efforts have been made
towards developing interactive NRT forest monitoring system using open
source technologies (e.g., DETER (Assunção et al. 2014), Global Forest
Watch http://www.globalforestwatch.org/) but these systems need to be
improved by incorporating local data streams to make them more
interactive and to ensure the participation of local stakeholders in
monitoring their forests. In this regard, our system is able to demonstrate
the novel aspects that integrate multiple data sources (satellite and CBM
data) and open source technologies in modular fashion (Figure 5.1, Table
5.1). Each of these models is functionality independent, such that each
modules contains everything necessary to execute one aspect of the desired
functionality (Bimber et al. 2000).
2) Spatial coverage: The NRT system such as DEETE has been used since
2004 as a part of government plan to control the Amazon deforestation
(Assunção et al. 2014). This system is based on MODIS satellite and is
able to monitor larger scale forest change (Greater than 25 ha) in almost
real-time (every 15 days). However, this system has spatial limitation to
implement in sub-Saharan African countries and especially in Ethiopia,
where the forest change is in small scale and mostly driven by small holder
subsistence agriculture (Getahun et al. 2013). In this regard, our proposed
system utilises higher spatial resolution sensor (i.e. Landsat satellite) and
thus the system is able to detect the forest change cluster size greater than
0.6 ha (DeVries et al. 2015b).
3) Community participation: Our system also engages local community in
NRT ground based forest monitoring. The ability to signal forest
degradation and describe the process of change with high temporal detail
highlights the advantage of the local approach (Pratihast et al. 2014) used
in this study over conventional satellite-based NRT system [70,71].
Similar to the previous study conducted by Pratihast et al. (2012), the
result of this study also shows that mobile device improves local expert’s
data acquisition capacities about the location, time, size and type of forest
change events.
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4) Enhanced stakeholder’s interaction: Our system offers better interaction
between the local stakeholders. These stakeholders can contribute data to
the server and access the forest change information for decision making.
Rather than just using monologic transmission model (publishing the forest
change alerts on web), our system utilises dialogic transmission system
with interactive means of communication such as social media. Combining
social media and web interface have increased the information exchange
and help to mitigate the problems of interactivity. Hence, this enables the
stakeholders to access forest change information, collaborate on a common
effort or build relationships among each other. These findings confirm the
results of many other studies showing the capabilities of social media in
effective communication (Daume et al. 2014; Diga and Kelleher 2009;
Werts et al. 2012).

5.4.2.

Critical review on the system evaluation results

In this study, we assessed the usability of the implemented IFMS in terms of
fitness for purpose. A number of findings have emerged from this research
regarding community-based forest monitoring systems, many of which are new
while some resonate with the findings of previous studies. This section discusses
the three aspects of this research in light with the three purposes outlined in
subsection 5.2.4.
Overall the results (Table 5.3) indicate that the number of participants decreased
during the demonstration and operational phase of the system. This issue has also
been noticed in previous research of community-based forest monitoring, citizen
science and PPGIS research (Danielsen et al. 2009; Kingston et al. 2000). The
number of participants might be improved through appropriate collaborative and
benefit schemes (Balderas Torres and Skutsch 2012; Danielsen et al. 2009). The
collaborative schemes may encourage the involvement of more potentially
interested organisations and individuals such as local communities, PFM groups,
non-governmental organization and government authorities in IFMS. The benefit
schemes such as financial, political (e.g., empowerment, participation in decision
making) or indirect benefits can also increase the participation of local
stakeholders (Boissière et al. 2014).
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Second aspect is about the integration of satellite and community-based approach
for forest change monitoring. As exemplified by Claudio et al. (Sassi et al. 2015),
our result (Table 5.4) indicates that the integrated approach helped to improve the
spatial, temporal and thematic details of forest change information. We used
Landsat satellite data, as top-down approach to detect forest change. Similar to the
work of DeVries et al. (DeVries et al. 2015b), our results (Table 5.4) show that the
Landsat based NDVI time-series method is able to detect small scale forest change
alerts in NRT. However, the thematic quality of these alerts i.e. forest change
process and drives of change are very limited. Furthermore, the persistent cloud
cover over the area induced data gaps and hampered forest change detection. We
expect that Landsat8 and the future Sentinel 2 missions (Drusch et al. 2012) will
play a major role to overcome these problems. On the other hand, we have utilised
CBM, as bottom-up approach to monitor and verify the satellite-based forest
change alerts. The result of this study shows (Table 5.4) that the satellite-based
alerts were able to mobilize the local experts to visit the targeted locations. The
ground observation alerts provided by the local experts had high thematic details
(Pratihast et al. 2014). However, lack of coverage of the whole study area and
consistency of datasets is the limitations of this approach. This can be solved by
engaging more local experts, volunteers, PFM groups and citizens in monitoring
and providing appropriate training and benefit schemes (Balderas Torres and
Skutsch 2012).
Final aspect concerns the interaction of stakeholders with the system. The results
show that the local stakeholders were actively engaged in social media compared
to the IFMS (Table 5.3). As explored by Diga and Kelleher (Diga and Kelleher
2009), we also believe that mobile social media application and their capabilities to
run over the limited access are expected to be the main cause of the interactions.
Moreover, the limited access of the internet is also the possible explanations for the
low use of the IFMS. This issue might be solved in the future with the
improvement of internet coverage.

5.4.3.

Limitations of the system

This study is a proof of concept about design and implementation of IFMS. An
initial fitness for purpose evaluation of our implementation has been carried out
and the results are being prepared for this publication. Overall, the evaluation
results are favourable but more research over the longer time period with more
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participants is required to realise its true benefits and potentialities in terms of NRT
forest monitoring.
At the moment our IFMS faces two key limitations in terms of design, which
introduce some time lag in NRT forest change monitoring. First, the system utilises
semi-automatic process chain for Landsat data processing. At the moment, USGS
does not allow automatic download facilities for Landsat scenes. Hence, the
images need to be downloaded manually. This restriction limits us to establish an
automatic process chain for Landsat data. We expect that in future USGS will
improve their data distribution infrastructures so that this process can be
automatized. Second, the IFMS provides manual download functionalities for NRT
forest change alerts. Hence, users have to download the alerts manually from our
web-interface. This manual interaction introduces some time lag in disseminating
the alerts to the local stakeholders. This limitation could be overcome by sending
the forest change alerts directly to the mobile phone and utilising geo-fence service
to notify people about the forest change locations (Biezen 2015).

5.5. Conclusions
Near real-time forest monitoring is necessary for better forest management. It
allows local stakeholders to take prompt action which may avoid or reduce illegal
activities and enhance transparency in the use of forest resources.
In this research, we describe the design and implementation of an interactive webbased NRT forest monitoring system and its evaluation in the UNESCO Kafa
Biosphere Reserve in Southwestern Ethiopia. The proposed IFMS integrates three
components: Web-GIS technologies, satellite and CBM data source and social
media. The functional features of our IFMS are as follows: 1) functionality to
download, store and process and run NRT forest change detection on Landsat timeseries images, 2) facility to upload ground observations and download forest
change location from the analysis of remote sensing on-demand, 3) ability to map
and show hotspots of forest changes in space-time, 4) capability to provide
feedback to local stakeholders and 5) functionality to provide interaction through
social media. The evaluation result shows that the IFMS empowers local experts
participation and interaction in forest monitoring process; provides up-to-date and
accurate information on forest change. These information are consistent over time
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and can be integrated into NFMS/national MRV system; and ultimately enhances
the effective communication among the stakeholders for forest managements.

5.6. Outlook
The remote sensing satellites, mobile technologies, web mapping platforms
together with internet services technology are constantly improving. These
improvements will provide new opportunities for NRT forest monitoring system. A
number of future outlooks have been identified with regards to IFMS:
1) Testing over the larger area with more diversified user community is
required.
2) Integrating multi-sensor remote sensing data streams such as Landsat,
Sentinel 1 and Sentinel 2 mission may improve the forest change detection
(Drusch et al. 2012; Reiche et al. 2015).
3) Developing mobile data acquisition tools and utilising geo-fence service
can enhance the local stakeholders participation in forest monitoring
(Biezen 2015).
4) Extension of the system is recommended in the domains of biodiversity
and safeguards for National REDD+ implementation.
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Annex: additional material of chapter 5
Table A5.1 Forest protection awareness meeting in Kafa, Ethiopia.
Date
15-16 November 2014
29-30 November 2014
6-7 December 2014
13-14 December 2014
20-21 December 2014
28-29 March 2015
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Kebele
Yeyebito
Boka
Saja
Kasha
Tula
Mera

Male
61
14
52
49
48
51

Participants
Female Total
35
96
59
73
19
71
19
68
19
67
21
72
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6.1. Main results
The main goal of this thesis is to develop an approach that combines emerging
technologies and community-based monitoring (CBM) for tropical forest
monitoring. The development of this research is driven by four specific research
questions, presented in the Introduction (Chapter 1, Section 1.4). Each research
question is answered in the core chapters of this thesis. In the following sections,
the findings relative to each research question are summarized.
Research question 1: What are the potentials to link community-based efforts
to the national forest monitoring system?
This research question is formulated to understand the potential role, consensus,
divergence and gaps in the community-based forest monitoring program and to
better link CBM information to the national forest monitoring system. This
research question is addressed in Chapter 2 in four steps.
In the first step, the need for local communities engagements in the national forest
monitoring system is analysed. This analysis is extended to explore the relative
importance of two main local drivers of deforestation as presented by Hosonuma et
al. (2012), namely: 1) subsistence agriculture and 2) charcoal and fuelwood
extraction. The results show that Africa and parts of Asia have a large proportion
of locally driven forest change activities. These regions need to develop
appropriate strategies to engage local communities to monitor these drivers of
change.
In the second step, the potential role of CBM for monitoring forest carbon and
change activities is explored. Various data sources such as coarse, medium and fine
resolution satellite data, airborne laser scanning and professional forest inventory
are available at national level for quantifying forest carbon stocks and detecting
change activities. Each of these data sources has their own strengths and limitations
in terms of acquisition, accuracy assessment and cost. However, the comparative
study in Chapter 2 shows that the CBM data can enhance monitoring by
identifying small scale forest disturbance activities associated with forest
degradation better than the other data sources. These results are in line with a
recent study conducted by Bellfield et al. (2015).
In the third step, a conceptual framework is developed to link local and national
forest monitoring systems. The conceptual framework is based on previous
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research (Conrad and Hilchey 2011; Conrad and Daoust 2008; Larrazábal et al.
2012) in the field of CBM of natural resource monitoring. The implementation of
this framework requires careful consideration regarding data transmission, data
infrastructures, standards and guidelines, capacity development and flow of
resources (e.g., equipment, supervision and incentives).
In the fourth step, a status check on how countries are advancing in considering
CBM in their national REDD+ efforts is provided. To this aim, the 28 readiness
preparation proposals of the World Bank Forest Carbon Partnership Facility were
reviewed. The results show that all countries have acknowledged the involvement
of communities as a driving force to improve forest management and its
sustainable use. However, only few countries; in particular Mexico, Tanzania,
Vietnam and Nepal (Danielsen et al. 2013; Danielsen et al. 2011; Shrestha 2011;
Topp-Jørgensen et al. 2005; Torres et al. 2015); are in advanced stages of
developing community-based forest management and monitoring strategies and
have been able to demonstrate these activities at project level.
Hence, this chapter shows that there is a need for enhancing the linkages between
CBM and the national forest monitoring system. The technology to support CBM
is available, but the possibilities are still underexplored.
Research question 2: How can information and communication technologies
(ICTs) support the automation of the community data collection process for
monitoring forest carbon stocks and change activities using modern handheld
devices?
This research question is answered in Chapter 3 and Chapter 4. Previously,
researchers have explored the potential use of mobile devices to take measurements
of forest carbon and forest related change activities at community level (Aanensen
et al. 2009; Ferster and Coops 2013; Parr et al. 2002). However, they do not
directly address the usability requirements specific to the community user. Hence,
an integrated mobile device based data collection system is presented in
Chapter 3.
The system is designed based on service platform architecture and is integrated into
four tiers: data, logic, presentation and communication. Each of these tiers is
implemented using open source technologies. The result of system implementation
shows that the developed system offers four distinct features: 1) multi-language
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support, 2) multi-user support for simultaneous use, 3) applicability in remote
locations and 4) voice recording as a desired functionality and local data storage
facility. The evaluation of the system is performed based on fitness-for-use, which
includes data entry accuracy, data transmission and measurement costs.
Two types of forest monitoring forms are designed using open data kit (ODK) and
deployed in an Android platform: forest inventory forms for estimation of above
ground forest biomass and forest change monitoring forms for reporting and
mapping activity data. The data acquisition performance is tested at TraBui
commune, Quang Nam province of Central Vietnam. The data entry accuracy is
assessed by comparing locally gathered data with expert (local, regional and
national) field measurements. The data entry errors are high while entering the text
category, compared to the multimedia and selection options of the form.
Furthermore, results show that the proposed system is able to overcome difficulties
in data translation and digitization. User friendly data transmission features of the
system further enabled the local community to feed the data directly to the database
server. Similar to other studies (Danielsen et al. 2011; Lawlor et al. 2013; ToppJørgensen et al. 2005), this study also shows that community-based measurements
costs are significantly lower than expert-based measurements.
To support the findings of Chapter 3, the data acquisition form (for activity data
related to forest change) for mobile devices is further improved in Chapter 4. The
system is implemented through 30 local experts in the UNESCO Kafa Biosphere
Reserve, Ethiopia. These local experts are recruited within the frame of the project
through a collaborative scheme of monitoring with external interpretation of the
data. All chosen local experts have at least a secondary level of education and some
fundamental understanding of forest management.
The results show that a mobile device based system motivates local experts to
collect more data during the rainy season as compared to the paper-based system.
The digital system facilitates local experts to collect forest change variables; such
as geo-location, size of forest change, time of forest change and proximate drivers
behind the change, in a more efficient way. Similar to previous studies (Bellfield et
al. 2015; Gouveia et al. 2004), this study indicates that the use of mobile devices
has a clear advantage over a paper-based monitoring system in capturing
photographs and multimedia information from the ground; hence, improves the
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local capacity in data collection, transmission and visualization procedures.
Furthermore, the results show that attributes of these datasets are fully structured in
terms of spatial, temporal and thematic details and are capable of describing the
forest change processes.
Research question 3: What is the accuracy and compatibility of
community collected data compared to other data (e.g., optical remote
sensing and expert field measurements) for quantifying forest carbon
stocks and changes?
Chapter 3 and Chapter 4 describe the accuracy and compatibility of community
collected data compared to other data sources (e.g., optical remote sensing and
expert field measurements) for quantifying forest carbon stocks and changes.
Generally, forest inventories are carried out at the national level to collect groundbased measurements for estimating forest carbon stocks which allow to estimate
emission factors (Brown 1997). This approach is expensive, time-consuming and
only a few developing countries have such comprehensive forest inventories that
allow for national forest carbon stock estimates (DeFries et al. 2007). Chapter 3
presents that local communities are able to measure and report the basic tree
variables such as diameter at breast height, tree species and tree counts. The
collected data is found to be of a level of accuracy comparable to that produced by
professional forest inventory staff.
The results show that the number of trees counted per plot is obtained with highest
agreement between local and professional measurements (index of agreement =
0.97). There is a good agreement between the total basal area per plot measured by
locals and professionals (points close to the 1:1 line) for all observations. It is
observed that local people needed more time than the professional to perform the
measurements. Finally, the comparison results of above ground biomass estimation
show that biomass estimation by professionals is on average higher than that
estimated by local people. The results confirm findings of earlier studies conducted
in several countries such as Ghana, Tanzania, Nepal and Philippines (Brashares
and Sam 2005; Shrestha et al. 2014; Zahabu and Malimbwi 2011).
Other studies (Boissière et al. 2014; Danielsen et al. 2011; Skutsch et al. 2011;
Torres 2014) have demonstrated the potential of CBM in assessing locally driven
and small scale forest change activities (deforestation, forest degradation or
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reforestation). However, none of the studies have extensively investigated the
consistency and complementary use of local datasets to remote sensing. Hence, the
accuracy of community collected forest change data is assessed with high
resolution SPOT imagery in Chapter 3. The results show that community
participation is more effective compared to professionals and high resolution
remote sensing SPOT imagery in detecting small scale forest degradation caused
by subsistence fuelwood collection and selective logging.
In Chapter 4, the accuracy and complementary use of local datasets is further
examined in the UNESCO Kafa Biosphere Reserve, Ethiopia. High resolution
SPOT and RapidEye satellite imagery and professional measurements are used as
validation data to assess more than 700 forest change observations collected by the
local communities. Results show that the local communities are capable of
describing the processes of change associated with deforestation, forest degradation
and reforestation in terms of three categories: spatial, temporal and thematic.
The spatial category includes the categorical location information, GPS location
information and the estimated size of forest change. The results show that the
spatial accuracies vary considerably across the various location categories, like
Woreda (administrative unit), Kebele (administrative sub-unit of a Woreda) and a
spatial category representing distance to core forest, nearest village and roads (i.e.
less than 1 km, 1–2 km, 2–3 km and more than 3 km) included in the monitoring
forms. The Woreda is recorded with the highest mean fraction correct of 0.92,
whereas the estimated distance to core forest is found to have the lowest mean
fraction correct of 0.71. A comparison of GPS errors reported by local experts with
those reported in the field-based reference dataset show a slight systematic error of
0.65 m between the two datasets. A smaller bias (0.16) is found between forest
change areas as reported by the local experts and forest change areas derived from
high resolution remote sensing imagery, in cases where these areas do not exceed
2 ha. In larger change areas (exceeding 2 ha); however, the absolute bias increased
to 1.06, implying that the local experts have systematically underestimated the area
of large change polygons.
The temporal category includes the timing of deforestation and forest degradation.
To assess temporal accuracy of the local dataset, temporal lag is calculated based
on forest disturbance dates determined using high resolution remote sensing timeseries data. The results reveal that 33% of deforestation events reported by local
experts correspond accurately to the dates observed in the remote sensing data. In
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other cases, 25% and 20% of total deforestation events as observed from remote
sensing are detected one and two years earlier than the local reported time
respectively. On the other hand, the comparison of dates associated with forest
degradation as reported by local experts shows that the majority of these signals are
recorded one (32%) to two (22%) years earlier than dates detected by remote
sensing.
The thematic category is one of the added values of the local expert dataset
compared to remote sensing. The thematic category includes three thematic
elements: the presence of forest, forest change type and drivers of forest change.
The results show an overall accuracy of 82% for thematic elements compared to
the professional measurements. The presence of forest is found to have a
producer’s accuracy of 92%, a user’s accuracy of 93% and an overall accuracy of
94%. The drivers of forest change have a comparatively lower producer’s accuracy
of 71%, a user’s accuracy of 68% and an overall accuracy of 69%.
In Chapter 4, the complementary use of local data and remotely sensed data is
investigated based on four key forest monitoring questions.
The first question for forest monitoring relates to the location of change. The
spatial accuracy results of the local expert data show that local datasets can be used
to better understand information related to local administration (e.g., the name of
the district and village) or geographical characteristics (distance to roads, nearest
village and core forest). Similarly, remote sensing helps to add value to local data
streams by providing wall-to-wall coverage, which can be used to validate local
data streams. The synergies of both methods can lead to a more efficient
monitoring system for data acquisition and to rendering reliable information.
The second question for forest monitoring relates to the area of forest change. Both
remote sensing and local datasets have their own difficulties when used to map the
area of forest change. Remote sensing plays a promising role for mapping larger
areas (Hansen et al. 2013), but the trade-offs between the spatial and temporal
capabilities of remote sensing limit their use to monitoring small scale forest
change (De Sy et al. 2012). Since the results of this chapter show that local datasets
are sufficiently accurate to track small forest changes, the overall mapping of forest
change area can be enhanced by exploiting the synergy between these datasets.
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The third question for forest monitoring is related to the timing of forest change.
Specifically, the results of this study show that higher resolution SPOT and
RapidEye imagery detect deforestation earlier than local experts, whereas the
detection of forest degradation using remote sensing data is delayed as compared to
that of local experts. Reports of small scale deforestation and forest degradation
from local experts can therefore contribute to an improved understanding of change
processes and the integration of both methods should lead to a more efficient
system to signal new changes in near real-time.
The final question for forest monitoring is related to the drivers of forest change.
Results show that remote sensing has limited capabilities to track forest change
drivers, whereas community observations are very accurate in reporting these
drivers. These drivers of change can be better understood with an intimate
knowledge of forest change processes and this information has the potential to
enhance the pertinence of the remote sensing data analysis. Information on drivers
collected by local experts thus presents new opportunities for monitoring forest
change events.
Research question 4: What is a suitable design for an interactive remote
sensing and community-based near real-time forest change monitoring
system and how can such a system be operationalized?
Recently, some efforts have been made towards developing interactive near realtime (NRT) forest monitoring system using open source technologies (e.g., DETER
(Assunção et al. 2014), Global Forest Watch (http://www.globalforestwatch.org/)).
However, these systems need to be improved by incorporating local data streams to
make them more interactive and to ensure the participation of local stakeholders in
monitoring their forests. In this regard, Chapter 5 addresses research question 4 by
designing an interactive forest monitoring system (IFMS). This system uses four
levels of geographic information services: 1) the acquisition of continuous data
streams from satellite and CBM using mobile devices, 2) NRT forest disturbance
detection based on satellite time-series, 3) presentation of forest disturbance data
through a web-based application and social media and 4) interaction of the
satellite-based disturbance alerts with end-user communities to enhance the
collection of ground data. The system is developed using open source technologies
and has been implemented together with ten local experts in UNESCO Kafa
Biosphere Reserve, Ethiopia.
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The results of a usability assessment revealed that IFMS empowers local experts
participation, provides easy access to information on forest change and
considerably improves the collection and storage of ground observation by local
experts. Evidence was obtained that the integration of satellite and CBM helped to
improve the spatial, temporal and thematic details of forest change information.
Satellite-based NRT disturbance alerts were used to mobilize the local experts to
visit targeted locations. The ground observation alerts provided by the local experts
have high thematic detail in terms of their location, extent, timing and causes of
forest change associated with deforestation, forest degradation and reforestation.
Furthermore, the results show that social media lead to higher levels of user
interaction and noticeably improved communication among stakeholders. These
findings confirm the results of other studies (Daume et al. 2014; Werts et al. 2012)
showing the capabilities of social media as a new perspective for effective
communication in forest monitoring.

6.2. General conclusions
This thesis aims at addressing the need for advancing community-based forest
monitoring methods that combine emerging technologies, optical remote sensing
and CBM in order to improve tropical forest monitoring. The main scientific
contributions of this work are towards better defining the role of local
communities, technical and operational conditions under which CBM can
contribute to national forest monitoring systems. Two novel schemes: integrated
satellite and CBM (Chapter 3 and Chapter 4) and interactive near real-time CBM
(Chapter 5) are designed and implemented to improve community-based forest
monitoring. Figure 6.1 summarises the key achievement of this thesis in three
aspects of CBM namely: timeliness, data accuracy and levels of engagement.
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(chapter 5)

Integrated satellite and
community-based forest
monitoring
(chapters 3& 4)

Community-based
forest monitoring
(chapters 2&3)

Increased timeliness, accuracy & engagement

Interactive near real-time forest monitoring

Figure 6.1 Overview of the main results obtained in this thesis. The arrow shows the
direction of progressive achievements towards community-based forest monitoring system.

Based on the results of this thesis, it can be concluded that:
• CBM is becoming more relevant in national forest monitoring system for
monitoring local drivers of deforestation and forest degradation.
• The establishment of community-based forest monitoring system requires
systematically developed methods, common guidelines and quality control
mechanisms.
• Use of mobile devices with user friendly applications improves
community-based forest monitoring data collection, transmission and
visualization processes.
• Local communities are able to acquire some basic forest inventory
measurements such as diameter at breast height, tree species and tree
counts with accuracy at lower costs compared to professional expert
measurements.
• The strength of CBM lies in describing processes of change associated
with deforestation, forest degradation and reforestation, in terms of their
spatial location, extent, timing and causes.
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•
•

CBM data offers a way to complement and enhance remote sensing-based
forest change analysis.
An interactive web-based forest monitoring system provides NRT
information on forest change and considerably improves the data accuracy,
level of stakeholder engagements, community capacity and effectiveness
of the monitoring program.

6.3. Reflection and outlook
In recent years, advances in technologies have offered solutions to tackle the
tropical forest monitoring challenges at global and national level. The
advancements of remote sensing satellites (e.g., Landsat, sentinel, RapidEye,
SPOT) and ground sensors (e.g., Terrestrial LiDAR, mobile devices, citizen
sensors) have provided a large amount of potential for new forest monitoring data.
At the same time, the advent of large scale data processing and storing platforms
offer a complementary solution to process and analyse these forest monitoring data.
A viable technical solution could be realized using big data techniques to store and
process such a large scale of data (Yuan et al. 2012). The processing of such big
data is possible with the emerging cloud computing paradigm. One such platform
in evolution is Google technologies (e.g., Google Earth Engine, Map Engine,
ODK) which enables automated remote sensing and ground observation data
processing and forest mapping. Hansen et al. (2013) used this Google platform to
quantify of global forest change from 2000 to 2012 at a spatial resolution of 30
meters. Recently, Global Forest Watch (http://www.globalforestwatch.org/) used
Google technologies to build an interactive online forest monitoring and NRT alert
system. This system is aimed to empower public institutions and civil society with
the information which lead to better manage and conserve forest landscapes.
Figure 6.2 provides a synthesis of the use of emerging technologies and highlights
the need to capitalize this development towards improving participatory forest
monitoring and management processes. Technological advances are largely of
global scale. But the utility of these technologies at a local scale is linked to certain
uses. In this regard, this thesis scientifically contributes to the development and
testing of emerging technologies and explores their practical use at local scale.
Emerging technologies help the local communities to get engaged in forest
monitoring and the methods presented in this thesis are applicable to a broader
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geographic scope. However, monitoring happens for a reason and local forest
monitoring needs to link to forest management and land use decision making
processes. This thesis is focused to address monitoring needs imposed by REDD+
but the sustainable use of these technologies in the same way relates other land use
and management processes as well.

Figure 6.2 Emerging technologies in participatory forest monitoring
and management processes.

To address this limitation, the following section reflects on four key aspects of the
proposed community-based forest monitoring approaches and further discusses
opportunities and developments.

6.3.1.

Overcoming technical limitations of emerging tools

The potential of using mobile devices for supporting community participants to
immediately record measurements in a digital system is highlighted in this thesis.
However, effective utilisation of such technology for CBM is still exceptional and
it faces several implementation challenges when used by minimally-trained local
communities. The following limitations are observed in this study.
The first limitation of the proposed approach is observed in terms of using the
mobile device in developing countries. Implementation of the mobile device in
forest monitoring faces several challenges such as: inadequate memory (including
phone memory card capacity) and insufficient battery life, GPS functioning not
being sensitive enough to work under forest canopy, cover for use in challenging
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environments not being robust, and inappropriate screen size, brightness and
sensitivity. These limitations may be solved in the future by improved technologies
and functionalities of mobile devices.
The second limitation of the proposed approach is that ODK lacks the spatial
mapping capabilities on the client side. Hence, local communities are not able to
map the data while in the field. Recently, ODK released an extended version called
GeoODK (http://geoodk.com) in which the spatial mapping capabilities are
incorporated. These capabilities will enable the local community to load base maps
and visualise the data on these maps while in the field.
The third limitation is observed in data entry errors. The results in Chapter 3 show
that local people are more accurate in entering information through selecting an
icon or a check box than through manually entering text or numbers. This issue is
partially addressed in Chapter 4 by improving data acquisition forms. Molinier et
al. (2014) proposed image acquisitions techniques to measure forest inventory
measurements such as stem biomass, tree species, tree height and age through the
image. These techniques can be a viable solution to address data entry errors.
The fourth limitation is in the capture and interpretation of ground photographs.
This thesis uses visual image interpretation techniques and derives only the
qualitative information from the photographs. However, Confalonieri et al. (2013)
explored the potential to use hemispherical (fish-eye) lenses in mobile devices.
Additionally, they developed the PocketLAI tool to automatically process the
images to derive the leaf area index. Utilisation of this tool in community-based
forest monitoring can enhance potential interpretation of ground photographs.
Further research is needed to evaluate the fitness for use of these applications in
terms of local suitability.
The last limitation of the proposed approach is that it is designed for Android based
mobile phones only. The ODK framework is used to deploy the data acquisition
forms. In the future, the ODK framework might become compatible with other
devices. Future work would be to make the proposed approach compatible with
windows and iPhone operating system based devices.
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6.3.2.

Linking the local to forest measuring, monitoring and mapping

This thesis has addressed the three aspects of CBM: measuring, monitoring and
mapping of forest carbon and change activities. The measuring aspect related to
local communities is explored in Chapter 3. The results of this study have proven
that with some training and suitable protocols, it would be beneficial to involve
communities in measuring forest carbon stocks in their territories. These data might
not be able to meet the national forest inventory requirements, but community
involvement together with professional experts may link to the implementation of
forest protection and carbon savings mechanisms.
Limited progress has been made towards the long-term sustainability of CBM,
despite many studies indicating its potentials. Hence, Chapter 3, Chapter 4 and
Chapter 5 of this thesis focus on the scientific developments of CBM data in
monitoring forest change activities (mainly for activity data). The results show a
wide range of factors, including the motivation and timing of training and capacity
building programs, and the influence of adverse weather conditions on the
monitoring activities of local communities. Therefore, further research might
require addressing these factors.
The mapping aspect of local community members has been demonstrated in
Participatory Geographical Information Systems (McCall 2010). Numerous studies
have shown that mobile technologies such as CyberTracker (Parr et al. 2002),
Epicollect (Aanensen et al. 2009) and ODK (OpenDataKit 2012) enable local
communities to create maps of forest resources. Chapter 4 and Chapter 5 of this
thesis demonstrate that local communities are more accurate in mapping small
scale deforestation, forest degradation and reforestation compare to remote sensing.
One key area of future work is the integration of local and remote sensing datasets
for mapping change events over larger areas in the tropics. More recently, DeVries
et al. (2015a) demonstrated the potential of mapping deforestation and forest
degradation using random forest models trained with data from CBM data. Further
improvements towards the integration of CBM data with other data sources such as
Sentinel 2, terrestrial or airborne LiDAR or other airborne remote sensing
approaches are essential for applying these methods in tropical countries.
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6.3.3.

Capitalising on new satellite-based observations for near realtime tropical forest monitoring

Advancements in satellite open data policies (Wulder et al. 2012), big data
processing environments (Li et al. 2015) and satellite time-series methods (DeVries
et al. 2015b; Verbesselt et al. 2010) offer a unique opportunity to establish NRT
forest change monitoring. Recently, efforts have been made to develop NRT forest
monitoring systems (e.g., DETER (Assunção et al. 2014), Global Forest Watch) at
large spatial scales. While these systems are increasingly providing data for local
studies, these systems need to be accompanied by suitable ground data
measurements to build a suitable synergy between remote sensing and in-situ
measurements. This synergy will allow the system to be more accurate, interactive
and legitimate for local stakeholders in monitoring their forests. In this regard,
Chapter 5 provides a detailed design and implementation framework of an
interactive forest monitoring system (IFMS) which combines Web-GIS
technologies, Landsat satellite and CBM data, and social media to support NRT
forest monitoring in the UNESCO Kafa Biosphere Reserve in Southwestern
Ethiopia. The results show that CBM can fill the data gap of remote sensing to
some extent during wet periods.
A number of future research directions have been identified with regards to IFMS:
• Interactive communication between the local communities and
stakeholders such as local institutions, participatory forest management
groups and non-government organizations is vital for the forest monitoring
system. It helps to build the relations between local people and the
authorities, and results in more rapid management interventions. Some
researchers (Daume et al. 2014; Werts et al. 2012) have shown the
potential of social media in interactive communications, but further
investigation is needed on the appropriate complementary use of these data
sources in developing countries.
• Integrating multi-sensor remote sensing data streams such as Landsat 8,
Sentinel 1 and Sentinel 2 missions, can improve NRT forest change
detection. Reiche et al. (2015) proposed a Bayesian approach to combine
Landsat and ALOS PALSAR time-series for NRT deforestation detection.
Further, improvement of this method by combing CBM data can lead to
better prediction of deforestation and degradation in NRT.
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•

6.3.4.

Recently, Schepaschenko et al. (2015) explored the synergy of remote
sensing, crowdsourcing and Food and Agriculture Organisation (FAO) of
the United Nations statistics to develop a global hybrid forest mask. These
efforts need to be further extended at the local level to explore the usability
of CBM data as reference data for remote sensing map validation.

Linking to the issue of multi-level governance

This thesis is founded on the argument that considerable progress can be made
towards community-based forest monitoring. However, there are many avenues
which need to be explored in order to ensure long-term sustainability of CBM
program and, in particular, to link the local with the national level. For any further
progress, it is essential to understand how monitoring operates within a framework
of multi-level governance. CBM programs need legitimate support and
collaboration from the governance structures. Some researchers (Cronkleton et al.
2011; Kashwan and Holahan 2014) have explored multi-level governance issues
and proposed the following four recommendations for shaping, planning and
implementation of CBM.
Firstly, countries need to form policy to promote the CBM program. These policies
should not only consider the monitoring activities but should also focus on
improving forest tenure security by harmonizing local tenure rules with national
laws and the international framework, governing forest use with sustainable
management (Doherty and Schroeder 2011).
Secondly, continuous engagement of local communities in the CBM program is
crucial. The findings from this thesis show that participation of local communities
decreases over the time. Hence, continuous interaction and adequate funding are
deemed necessary. Boissiere et al. (2014) have proposed some incentives schemes,
including financial, political (e.g., empowerment, participation in decision making)
and/or indirect benefits for motivating people. This needs to be tested under
various local circumstances.
Thirdly, the capacity building programs will be needed for long-term success of
this approach. Such programs should enable all members of the community and
local institutions to develop skills and competencies so as to take greater control of
their forests and also contributes to inclusive personal skill development.
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Lastly, scaling up to the national scale can have significant impact on the success
of the CBM. The scaling up requires learning by doing experiences. Countries
should establish CBM cases at project level. Lessons learned from these projects
should be incorporated into larger scale efforts. The implementation will be fruitful
and efficient if both the local and the national level contribute and benefit at the
same time.
While the four approaches mentioned above address the issues of multi-level
governance, actual progress of CBM implementation relies on interdisciplinary
research involving experts from forest management, forest governance, forest
monitoring and the various national and local stakeholders engaged in such
processes (Visseren-Hamakers et al. 2012).
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Summary
Forests cover approximately 30% of the Earth’s land surface and have played an
indispensable role in the human development and preserving natural resources. At
the moment, more than 300 million people are directly dependent on these forests
and their resources. Forests also provide habitats for a wide variety of species and
offer several ecological necessities to natural and anthropological systems. In spite
of this importance, unprecedented destruction of tropical forest cover has been
witnessed over the past four decades. Annually, approximately 2.1x105 hectares of
forests are lost, with serious negative consequences on the regulation of the world’s
climate cycle, biodiversity and other environmental variables. To mitigate these
consequences, the United Nations Framework Convention on Climate Change
(UNFCCC) has requested the developing countries to adapt new policy in reducing
emissions from deforestation and forest degradation (REDD+). Under this policy,
countries have been mandated to engage local communities and indigenous groups
as critical stakeholders in the design and implementation of a national forest
monitoring system (NFMS) that supports measuring, reporting and verification
(MRV) of actions and achievements of REDD+ activities.
Current schemes for tropical monitoring are based on remote sensing and field
measurements which typically originate from national forest inventories. Remotely
sensed imagery has been considered as the principal data source used to calculate
forest area change across large areas, assess rates of deforestation and establish
baselines for national forest area change databases. Advancements in medium and
high resolution satellites, open data policies, time-series analysis methods and big
data processing environments are considered valuable for deforestation monitoring
at local to global scales. However, cloud cover, seasonality and the restricted
spatial and temporal resolution of remote sensing observations limits their
applicability in the tropics. Enhancing the interpretation of remote sensing analysis
require substantial ground verification and validation. Accomplishing these tasks
through national forest inventory data is expensive, time-consuming and difficult to
implement across large spatial scales.
Next to remote sensing, community-based monitoring (CBM) has also
demonstrated potential in the collection and interpretation of forest monitoring
data. However effective implementation of community-based forest monitoring
systems is currently lacking due to two reasons: 1) the role of communities in

148

Summary / Samenvatting

NFMS is unclear and 2) tools that can support local communities to explore
opportunities and facilitate forest monitoring are still scarce. This thesis addresses
these two issues by proposing technical solutions (computer and geo-information
science) and assessing the capacities and needs of communities in developing
countries with a REDD+ implementation and forest monitoring context.
The main goal of this thesis, therefore, is to develop an approach that combines
emerging technologies and community-based observations for tropical forest
monitoring. To accomplish the main goal, four specific research questions were
formulated: 1) What are the potentials to link community-based efforts to national
forest monitoring systems? 2) How can information and communication
technologies (ICTs) support the automation of community data collection process
for monitoring forest carbon stocks and change activities using modern handheld
devices? 3) What is the accuracy and compatibility of community collected data
compared to other data (e.g., optical remote sensing and expert field
measurements) for quantifying forest carbon stocks and changes? and 4) What is a
suitable design for an interactive remote sensing and community-based near realtime forest change monitoring system and how can such system be
operationalized?
In Chapter 2, scientific literature and 28 readiness preparation proposals from the
World Bank Forest Carbon Partnership Facility are reviewed to better define the
role and technical conditions for CBM. Based on this review, a conceptual
framework was developed under which CBM can contribute as a dedicated and
independent stream of measuring and monitoring data to national level forest
monitoring efforts. The following chapters are built upon this framework.
Chapter 3 describes a process of designing and implementing an integrated data
collection system based on mobile devices that streamlines the community-based
forest monitoring data collection, transmission and visualization process. The
usability of the system is evaluated in the Tra Bui commune, Quang Nam province,
Central Vietnam, where forest carbon and change activities were measured by
different means such as local, regional and national experts and high resolution
satellite imagery. The results indicate that the local communities were able to
provide forest carbon measurements with accuracy comparable to that of expert
measurements at lower costs. Furthermore, the results show that communities are
more effective in detecting small scale forest degradation caused by subsistence
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fuelwood collection and selective logging than image analysis using SPOT
imagery.
To support the findings of chapter 3, the data acquisition form (mostly activity data
related to forest change) for mobile device was further improved in chapter 4. The
system was tested by thirty local experts in the UNESCO Kafa Biosphere Reserve,
Ethiopia. High resolution satellite imagery and professional measurements were
combined to assess the accuracy and complementary use of local datasets in terms
of spatial, temporal and thematic accuracy. Results indicate that the local
communities were capable of describing processes of change associated with
deforestation, forest degradation and reforestation, in terms of their spatial location,
extent, timing and causes within ten administrative units. Furthermore, the results
demonstrate that communities offer complementary information to remotely sensed
data, particularly to signal forest degradation and mapping deforestation over small
areas. Based on this complementarity, a framework is proposed for integrating
local expert monitoring data with satellite-based monitoring data into a NFMS in
support of REDD+ MRV and near real-time forest change monitoring.
Having identified the framework for integrated monitoring systems in chapter 4,
chapter 5 describes an interactive web-based forest monitoring system using four
levels of geographic information services: 1) the acquisition of continuous data
streams from satellite and community-based monitoring using mobile devices, 2)
near real-time forest disturbance detection based on satellite time-series, 3)
presentation of forest disturbance data through a web-based application and social
media and 4) interaction of the satellite-based disturbance alerts with the end-user
communities to enhance the collection of ground data. The system was developed
using open source technologies and has been implemented together with local
experts in UNESCO Kafa Biosphere Reserve, Ethiopia. The results show that the
system was able to provide easy access to information on forest change and
considerably improve the collection and storage of ground observation by local
experts. Social media lead to higher levels of user interaction and noticeably
improved communication among stakeholders. Finally, an evaluation of the system
confirmed its usability in Ethiopia.
Chapter 6 presents the final conclusions and provides recommendations for further
research. The overall conclusion is that the emerging technologies, such as
smartphones, Web-GIS and social media, incorporated with user friendly interface
improve the interactive participation of local communities in forest monitoring and
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decrease errors in data collection. The results show that CBM can provide data on
forest carbon stocks, forest area changes as well as data that help to understand
local drivers of emissions. The thesis also shows, in theory and in practice, how
local data can be used to link with medium and high resolution remote sensing
satellite images for an operational near real-time forest monitoring system at a local
scale. The methods presented in this thesis are applicable to a broader geographic
scope. Hence, this thesis emphasizes that policies and incentives should be
implemented to empower communities and to create institutional frameworks for
community-based forest monitoring in the tropics.
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Samenvatting
Bossen bedekken ongeveer 30% van het landoppervlak van de aarde en spelen een
onmiskenbare rol in de maatschappelijke ontwikkeling en het behoud van
natuurlijke hulpbronnen. Op dit moment zijn meer dan 300 miljoen mensen direct
afhankelijk van bossen en hun hulpbronnen. Ook bieden bossen een habitat voor
een breed scala aan soorten en leveren ze verschillende ecologische benodigdheden
voor natuurlijke systemen en menselijke samenlevingen. Ondanks het enorme
belang van tropische bossen is er de afgelopen vier decennia een ongekend
oppervlakte aan tropisch bos vernietigd. Jaarlijks gaat er ongeveer 2.1x105 hectare
bos verloren, wat ernstige gevolgen heeft voor de regulering van de mondiale
klimaatcyclus, biodiversiteit en andere omgevingsvariabelen. Om deze gevolgen te
beperken heeft het United Nations Framework Convention on Climate Change
(UNFCCC) ontwikkelingslanden verzocht hun beleid aan te passen om emissies
door ontbossing en bosdegradatie (REDD+) te verminderen. Onder dit beleid zijn
landen verplicht om lokale en inheemse gemeenschappen te beschouwen als
kritische belanghebbenden in het ontwerpproces en de implementatie van een
national forest monitoring system (NFMS) dat het meten, rapporteren en verifiëren
(MRV) van de acties en resultaten van REDD+ activiteiten ondersteunt.
De huidige regelingen voor het monitoren van tropische bossen zijn gebaseerd op
remote sensing en veldmetingen die over het algemeen afkomstig zijn uit
inventarisaties van nationale bossen. Remote sensing beeldmateriaal wordt
beschouwd als de belangrijkste bron om verandering in bos in grote gebieden te
berekenen, om de snelheid van de ontbossing te beoordelen en om te gebruiken als
basis voor databases om de verandering van het bosoppervlakte op een nationaal
niveau vast te stellen. Ontwikkelingen in middelgrote- en hoge resolutie satellieten,
open data beleid, tijdreeks-analysemethoden en big data verwerking zijn waardevol
voor de controle van ontbossing op lokale en globale schaal. Echter, bewolking,
seizoensgebondenheid en de beperkte ruimtelijke en temporele resolutie van
remote sensing waarnemingen beperken de toepasbaarheid in de tropen. Het
verbeteren van de interpretatie van remote sensing analyse vereist substantiële
verificatie en validatie van in-situ data. Het vervullen van deze taken door middel
van het inventariseren van nationale bossen is duur, tijdrovend en moeilijk uit te
voeren op grote schaal.
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Naast remote sensing heeft ook community-based monitoring (CBM) aangetoond
dat het potentieel heeft in het verzamelen en interpreteren van bos
monitoringsgegevens. Desondanks is de daadwerkelijke implementatie van
community-based bos monitoringssystemen tot op heden gebrekkig. Twee redenen
hiervoor zijn: 1) de rol van de gemeenschappen in NFMS is onduidelijk en 2)
methoden die lokale gemeenschappen kunnen ondersteunen om de mogelijkheden
te verkennen en bos monitoring te vergemakkelijken zijn nog schaars. Dit
proefschrift richt zich op deze twee punten door het voorstellen van technische
oplossingen (gebruikmakend van computerkunde en geo-informatica) en door het
beoordelen van de capaciteiten en de behoeften van gemeenschappen in
ontwikkelingslanden waar REDD+ implementatie en bos monitoring plaatsvinden.
Het belangrijkste doel van dit proefschrift is dan ook om een aanpak te
ontwikkelen die opkomende technologieën en community-based tropisch bos
monitoren combineert. Om dit doel te bewerkstelligen zijn vier specifieke
onderzoeksvragen geformuleerd: 1) Wat zijn de mogelijkheden om communitybased inspanningen te koppelen aan nationale bos monitoringssystemen? 2) Hoe
kan informatie- en communicatietechnologie (ICT) ondersteuning bieden aan de
gemeenschap bij de automatisering van het verzamelen van gegevens voor het
monitoren van koolstofvoorraden en veranderingen in koolstofvoorraden met
behulp van moderne handheld-apparaten? 3) Wat is de nauwkeurigheid en
compatibiliteit van de door de gemeenschap verzamelde gegevens voor het
kwantificeren van (veranderingen in) koolstofvoorraden in bossen vergeleken met
andere data (bijvoorbeeld optische remote sensing of veldmetingen uitgevoerd door
experts)? 4) Wat is een geschikt ontwerp voor een interactief remote sensing en
community-based near real-time bos monitoringssysteem en hoe kan een dergelijk
systeem in gebruik worden genomen?
In hoofdstuk 2 worden wetenschappelijke literatuur en 28 readiness preparation
proposals van de World Bank Forest Carbon Partnership Facility beoordeeld om de
rol en de technische voorwaarden voor het CBM beter te definiëren. Op basis van
deze beoordeling is een conceptueel kader ontwikkeld waaraan het CBM kan
bijdragen als een toepassingsspecifieke en onafhankelijke dienst voor meet- en
monitoringsgegevens van bossen op nationaal niveau. De volgende hoofdstukken
zijn gebaseerd op dit raamwerk.
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Hoofdstuk 3 beschrijft het proces van het ontwerpen en implementeren van een
geïntegreerd systeem voor het verzamelen van gegevens op basis van mobiele
apparaten die het community-based verzamelen en visualiseren van bos
monitoringsgegevens stroomlijnt. De bruikbaarheid van het systeem is geëvalueerd
in de Tra Bui gemeente, gelegen in de provincie Quang Nam in Centraal Vietnam.
In deze gemeente zijn veranderingen in bos-koolstof gemeten met door lokale,
regionale en nationale deskundigen en met hoge resolutie satellietbeelden.
De resultaten laten zien dat de lokale gemeenschappen bos-koolstof metingen
kunnen uitvoeren met een nauwkeurigheid die vergelijkbaar is met die van
deskundigen, maar tegen lagere kosten. Bovendien tonen de resultaten dat de
gemeenschappen effectiever zijn in het opsporen van bosdegradatie op kleine
schaal (veroorzaakt door selectieve houtkap en het omhakken van bomen voor
brandhout) dan beeldanalyse met behulp van SPOT-beelden.
Om de bevindingen van hoofdstuk 3 te ondersteunen wordt het data-acquisitie
formulier voor mobiele apparaten (dat vooral gegevens betreft met betrekking tot
veranderingen in bossen) verder verbeterd in hoofdstuk 4. Het systeem is getest
door dertig lokale experts in het UNESCO Kafa Biosphere reservaat in Ethiopië.
Hoge resolutie satellietbeelden en professionele metingen werden gecombineerd
om de juistheid en het complementaire gebruik van lokale datasets te beoordelen
op het gebied van ruimtelijke, temporele en thematische nauwkeurigheid.
Resultaten uit tien administratieve eenheden tonen aan dat de lokale
gemeenschappen in staat waren veranderingen door ontbossing, bosdegradatie en
herbebossing te beschrijven in termen van locatie, omvang, tijdstip en oorzaak.
Ook tonen de resultaten aan dat de gemeenschappen aanvullende informatie ten
opzichte van remote sensing gegevens bieden. Dit betreft met name het markeren
van aantastingen van bossen en het in kaart brengen van ontbossing in kleinere
gebieden. Op basis van deze complementariteit wordt een kader voorgesteld om
monitoringsgegevens van lokale experts en monitoringsgegevens op basis van
satellieten te integreren in een NFMS ter ondersteuning van REDD+ MRV en near
real-time monitoring van bosveranderingen.
Na het identificeren van het kader voor het geïntegreerde monitoringssysteem in
hoofdstuk 4 beschrijft hoofdstuk 5 een interactief web-based bos
monitoringssysteem met vier geografische informatiediensten: 1) Het verzamelen
van continue datastromen uit satellietbeelden en gemeenschappen met behulp van
mobiele apparaten, 2) Het detecteren van near real-time bosverstoringen op basis
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van
tijdreeksen
van
satellietbeelden,
3)
Het
presenteren
van
bosverstoringsgegevens via een web-based applicatie en sociale media, 4) De
interactie tussen verstoringswaarschuwingen op basis van satellietgegevens en
verstoringswaarschuwingen op basis van gemeenschappen voor het verbeteren van
het verzamelen van in-situ gegevens. Het systeem is ontwikkeld met behulp van
open source technologieën en is uitgevoerd in samenwerking met lokale experts in
het UNESCO Kafa Biosphere reservaat in Ethiopië. De resultaten tonen aan dat het
systeem op eenvoudige wijze toegang tot informatie over bosverandering kon
verschaffen. Ook verbeterede het systeem de inzameling en opslag van in-situ
observaties door lokale experts aanzienlijk. Het gebruik van sociale media leidde
tot een hoger niveau van interactie met de gebruiker en tot een betere
communicatie tussen belanghebbenden. Op basis van een evaluatie werd de
bruikbaarheid van het systeem in Ethiopië bevestigd.
In hoofdstuk 6 worden de conclusies gepresenteerd en worden er aanbevelingen
gedaan voor verder onderzoek. De algemene conclusie is dat opkomende
technologieën zoals smartphones, web-GIS en sociale media -verenigd binnen een
gebruiksvriendelijke interface- de deelname van lokale gemeenschappen in het
monitoren van bossen verbeteren. Bovendien worden fouten in de verzamelde
gegevens verminderd. De resultaten tonen aan dat CBM kan bijdragen aan
gegevens over koolstofvoorraden in bossen en veranderingen van bosoppervlakten,
en dat het kan helpen om de drijvende factoren achter lokale uitstoot te begrijpen.
Dit proefschrift demonstreert in theorie en in praktijk hoe op lokale schaal in-situ
gegevens kunnen worden gecombineerd met middelhoge- en hoge resolutie
satellietbeelden voor een operationeel, near real-time bosmonitoringssysteem. De
methoden die in dit proefschrift worden gepresenteerd zijn ook elders toepasbaar.
Daarmee benadrukt dit proefschrift de behoefte aan beleid om gemeenschappen te
versterken en om institutionele kaders te creëren voor gemeenschapsgerichte
bosmonitoringssystemen in de tropen.
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