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The UN-REDD Programme, a collaborative partnership between FAO, UNDP and UNEP, was created 
in response to, and in support of, the UNFCCC decision on REDD at COP 13 and the Bali Action Plan. 
The Programme supports countries to develop capacity to reduce emissions from deforestation and 
forest degradation and to implement a future REDD mechanism in a post-2012 climate regime. It 
builds on the convening power of its participating UN agencies, their diverse expertise and vast 
networks, and "delivers as One UN". 

The United Nations Environment Programme World Conservation Monitoring Centre (UNEP-WCMC) 
is the biodiversity assessment and policy implementation arm of the United Nations Environment 
Programme (UNEP), the world's foremost intergovernmental environmental organization. The 
centre has been in operation since 1989, combining scientific research with practical policy advice. 

The United Nations has proclaimed 2010 to be the International Year of Biodiversity. People all over 
the world are working to safeguard this irreplaceable natural wealth and reduce biodiversity loss. 
This is vital for current and future human wellbeing. We need to do more. Now is the time to act. 

Prepared by 

Nathalie Doswald, Matea Osti, Lera Miles 

 

Copyright: UN-REDD Programme 

Copyright release: Reproduction of this publication for educational or other non-
commercial purposes is authorised without prior permission from the 
copyright holders. 

Reproduction  Reproduction for resale or other commercial purpose is prohibited 
without the prior written permission of the copyright holders. 

Disclaimer: The contents of this report do not necessarily reflect the views or 
policies of UNEP-WCMC or contributory organisations. The 
designations employed and the presentations do not imply the 
expressions of any opinion whatsoever on the part of UNEP-WCMC 
or contributory organisations concerning the legal status of any 
country, territory, city or area or its authority, or concerning the 
delimitation of its frontiers or boundaries. 

Citation: Doswald, N., Osti, M., Miles, L. 2010. Methods for assessing and 
monitoring change in the ecosystem-derived benefits of 
afforestation, reforestation and forest restoration. Multiple Benefits 
Series 6. Prepared on behalf of the UN-REDD Programme. UNEP 
World Conservation Monitoring Centre, Cambridge.  

Acknowledgements With thanks for comments and input to Dr Pham Manh Cuong (on 
the original concept), Philip Bubb and Dr Maurizio Teobaldelli 

http://www.unep.org/�


Methods for assessing and monitoring change in the ecosystem-derived benefits of afforestation, 
reforestation and forest restoration 

 

 

Summary 

Forests provide a number of ecosystem services, which REDD+ activities including afforestation, 
reforestation and forest restoration have the potential to promote. On the other hand, REDD+ could 
be detrimental to biodiversity and ecosystem services if locations are poorly chosen or management 
poorly planned. Whilst some responses to management can be estimated based on ecological 
principles, to assess actual changes in the delivery of ecosystem services, monitoring is essential. 

This report summarises the steps needed to design a system to assess and monitor change in 
ecosystem services resulting from afforestation, reforestation and forest restoration projects or 
programmes. Design of a monitoring scheme involves identifying how the results will be used, 
selecting appropriate indicators, defining a methodology for obtaining data and calculating 
indicators, and deciding how frequently monitoring will be undertaken.  

This report also refers to useful existing guidance on monitoring and indicators that will be of help in 
deciding what sort of monitoring to undertake and how to do so. 

 

Méthodes d’évaluation et de suivi des changements dans les bénéfices 
écosystémiques provenant du boisement, reboisement et la restauration des 
forêts : Résumé 

Les forêts fournissent un nombre de services écosystémiques que les activités de REDD+, comme le 
boisement, le reboisement et la restauration des forêts, pourraient promouvoir. D’un autre côté, 
REDD+ pourrait être nuisible à la biodiversité et aux services écosystémiques si l’emplacement est 
mal choisi ou la gestion mal planifié. Tandis que certaines réactions à la gestion peuvent être 
estimées en se basant sur les principes écologiques, le monitorage est essentiel pour évaluer les 
changements réels  dans la provision des services écosystémiques.  

Ce rapport résume les étapes nécessaires pour la conception d’un système pour évaluer et suivre les 
changements dans la provision des services écosystémiques provenant des projets ou programmes 
de boisement, reboisement et de restauration des forêts. La conception d’un système de 
monitorage consiste à identifier comment les résultats seront utilisés, à sélectionner des indicateurs 
appropriés,  à définir une méthodologie pour recueillir des données et calculer les indicateurs et à 
décider la fréquence du suivi.   

Ce rapport fait aussi référence aux directives existantes sur le monitoring et les indicateurs qui 
seront utiles pour décider quelle sorte de monitoring à entreprendre et comment.  
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Métodos de evaluación y seguimiento de los cambios en los beneficios 
ecosistémicos derivados de la aforestación, reforestación y restauración 
forestal : Resumen 

Los bosques proporcionan varios servicios ecosistémicos que las actividades REDD+, incluyendo la 
aforestación, reforestación y restauración forestal, tienen el potencial de promover. Por otro lado, 
REDD+ podría resultar perjudicial para la biodiversidad y para los servicios ecosistémicos si los 
lugares se elijen mal o si la gestión se planifica mal. Aunque ciertas respuestas a la gestión se pueden 
estimar basándose en principios ecológicos, el monitoreo es esencial para evaluar cambios reales en 
la provisión de servicios ecosistémicos.  

Este informe resume los pasos necesarios para diseñar un sistema para evaluar y seguir cambios en 
los servicios ecosistémicos resultantes de proyectos o programas de aforestación, reforestación y 
restauración forestal. El diseño de un esquema de monitoreo consiste en identificar cómo se usarán 
los resultados, seleccionar indicadores apropiados, definir una metodología para obtener los datos y 
para calcular indicadores, y decidir la frecuencia de seguimiento.  

Este informe también hace referencia a directrices existentes sobre el monitoreo y los indicadores 
que serán útiles para decidir qué tipo de monitoreo llevar a cabo y cómo hacerlo.  
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1 Introduction 

Forests provide a number of ecosystem services including biodiversity, water regulation and carbon 
sequestration and storage. Forest management practices can impact on these services in either a 
positive or negative manner. In general, deforestation and forest degradation diminish these 
services, whilst practices such as afforestation, reforestation or forest restoration are likely to have a 
positive influence on ecosystem services. This influence is more mixed if monoculture plantations 
and non-native species are used (Sajwaj et al., 2008, Miles et al., 2010b).  

Afforestation, reforestation and forest restoration are activities that could be undertaken as part of 
a REDD+ strategy to enhance forest carbon stocks. Whilst carbon is the primary concern for REDD+, 
the protection and enhancement of other ecosystem-derived benefits is of interest to many 
stakeholders, including the UN-REDD Programme.  

It has been argued that if these multiple benefits are not measured, there is no way to ensure that 
REDD+ activities, such as forest restoration, are leading to their delivery (Palmer & Filoso, 2009). 
Monitoring is therefore essential to assess the changes in the delivery of ecosystem services. 
Monitoring also can contribute to adaptive management strategies to ensure that the ecosystem 
services valued most are maintained or enhanced.  

A monitoring system for ecosystem services would thus be most useful where its results are 
assessed against clear goals for the delivery of ecosystem services, and REDD+ activities adapted if 
these goals are not being met. Ideally, there would be a continuous interaction between project 
design, monitoring and management, ensuring that ecosystem services are maintained and 
enhanced, and changing the REDD+ approach if not (Miles et al., 2010a).  

Appropriate indicators need to be identified before a monitoring (and reporting) system is put in 
place (Teobaldelli et al., 2010). In a REDD+ context, carbon monitoring can sometimes provide data 
useful for other ecosystem services monitoring. Indeed the monitoring methods required for carbon 
monitoring (remote sensing and forest inventories) are also useful for monitoring additional 
ecosystem services. Additional fieldwork or analysis during carbon monitoring can yield some 
information relevant for other ecosystem services with a relatively small additional effort. However, 
monitoring some ecosystem services requires a different approach and data. 

This report details the steps needed to design a system to assess and monitor change in ecosystem 
services resulting from afforestation, reforestation and forest restoration projects or programmes. It 
discusses the methods required and refers to useful existing guidance on monitoring and indicators 
that will be of help in deciding what sort of monitoring to undertake and how to do so. 
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2 What are monitoring systems? 

A monitoring system measures change in or the condition of the resource of interest and is driven by 
objectives. The objectives of monitoring can be (1) to supporting effective management, (2) to 
report change in the status of the resource, for example to the Convention on Biological Diversity 
(CBD), (3) to demonstrate compliance with environmental standards and/or (4) to provide an early 
warning system for new or emerging threats. In this paper we focus on (1), and specifically the 
objective of ensuring that benefit or no harm results to the ecosystem service of interest following 
afforestation/reforestation.  

A monitoring system can be part of an adaptive management cycle (Fig.1; Elzinga et al., 2001) in 
which objectives are developed to describe the desired condition of resources (e.g. maintains or 
increases numbers of a threatened species). Management is designed to meet these objectives. The 
response of the resource is monitored to determine if the objective has been met; if objectives are 
not reached an alternative management practice could be implemented. If monitoring produces 
inconclusive data then a rethink of the monitoring system design may be needed (Elzinga et al., 
2001). Monitoring efforts should be directed toward objectives for which management solutions are 
available. Implementation of this type of monitoring system is justified only if opportunities for 
management change exist (Sheil, 2002).  

 

Figure 1: Adaptive management cycle where a monitoring system provides the critical link between 
objectives and adaptive (alternative) management. If the monitoring system is inconclusive, the 
appropriate management response is unknown and the cycle is unsuccessful (Elzinga et al. 2001). 

There are three main phases involved in building a monitoring system: 1) scoping, 2) design and 3) 
implementation and reporting (Green et al., 2005). During the first phase it is useful to identify 
interested stakeholders (because they might have particular interest in the conservation of the 
ecosystem services, or be able to offer relevant data), identify valued attributes and objectives 
(including through stakeholder consultation) and assess existing information. These objectives will 
and the resources available will underpin the monitoring plan, determining the appropriate 
indicators, scale (e.g. national or site), sampling effort and frequency.  
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3 Selecting indicators: conceptual frameworks for monitoring ecosystem-
derived benefits 

There is a wide choice of potential indicators, and selection should take account of what aspects of 
the ecosystem-derived benefits of REDD+ are most valued. Ecosystem services and biodiversity are 
multi-dimensional concepts and hence have no single measure. Their value may vary with context 
(Fischer et al., 2009) and scale. For instance, water regulation is a service rendered over a large 
scale, whereas provisioning services are more localized. It may be helpful to consider the value and 
attributes of different services in respect to the distinct groups of people that they benefit.  

Identification of services to different people could be achieved through stakeholder consultations, 
questionnaires, as well as from the scientific literature (e.g. on valuation or ecosystem functioning). 
Multi-criteria decision tables may be useful for rating services important to different stakeholders.  

Measuring and monitoring ecosystem-derived benefits requires the use of indicators. Indicators 
summarise information into standardised numbers, graphs or even maps and can be used to infer 
change in a complex system where there is no single ‘best’ measurable parameter. Indicators are 
purpose-dependent. For example, data on net change in forest area could contribute to an indicator 
of change in timber availability, in forest carbon sequestration, or in soil cover and erosion. 

 

The Driving force-Pressure-State-Impact-Response (DPSIR) framework is useful for constructing a set 
of indicators for assessing and monitoring ecosystem services (Box 1; EEA, 2007). This framework 
differentiates between monitoring the condition of the ecosystem (state indicators), the harms 
faced by ecosystems (driving force, pressure and impact indicators) and the measures put in place to 
achieve the objective of the monitoring (response indicators). Monitoring state indicators will give 
an indication of the condition of the benefit (e.g. increase or decrease in species numbers), whilst 
monitoring pressures such as the fragmentation of forest will warn of future likely declines in species 
numbers. The most effective set of indicators would cover states, pressures and responses. 
However, if resources are limited, state indicators are the bare minimum. 

Box 1: DPSIR framework for multiple benefits in REDD+ 

The Driving force-Pressure-State-Impact Response (DPSIR) framework aims to describe 
interactions between society and the natural environment. It classifies indicators into five 
categories: 

1) Driving forces: in a REDD+ context, deforestation and forest degradation indicators such as 
population density, household income inequality, and infrastructure could be used. 

2) Pressures: These indicate factors causing harm such as fires or fragmentation. 

3) State: These measures relate to the condition of the object of interest such as number of 
species. 

4) Impacts: these indicators track the negative effects of REDD+ such as change in invasive 
species typical of plantation forest. 

5) Response: these indicators track the efforts made with regards to the desired objective, such 
as conserving biodiversity 
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More attention has been given to devising appropriate indicators for biodiversity than for many 
other ecosystem services, partly as a result of the Convention on Biological Diversity (CBD)’s 2010 
biodiversity target. The Guidance for National Biodiversity Indicator Development and Use, 
developed for Parties to the CBD, enumerates the steps required and useful questions to consider. It 
can be found at http://nbip.notlong.com/.  

 

Figure 2: Indicator development framework (from Bubb et al., 2010) 

This guidance shows that developing a framework for assessing and monitoring change in ecosystem 
services is a step process, in which indicators are central (Figure 2):  

1) Consultation with stakeholders along with the development of objectives and targets.  
2) Determine a set of key questions: e.g. Does the REDD+ activity protect or enhance 

biodiversity? Does the REDD activity improve water quality? 
3) Identify indicators. Example indicators for the above questions could be number of 

species of conservation concern, or sediment load in downstream water. Consider using a 
framework for analyzing indicators (e.g. DPSIR) and/or building a conceptual model to identify the 
relationship between the indicators and objectives. Table 1 provides some examples of indicators 
that could be used in assessing and monitoring change in ecosystem services. 

4) Develop and/or make use of a monitoring and reporting scheme. 
5) Calculate and analyze indicators. 
6) Interpretation and communication. 
7) Test and refine indicators with stakeholders to ensure that they are fit for purpose. 
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Indicator selection will depend on the objectives, the ecosystem service of interest and is dependent 
on scale of the project (e.g. site or national programme) and of the delivery of the service (e.g. water 
regulation is delivered at a large scale, non-timber forest product provision at a smaller scale). State 
indicators for water regulation could include forest extent or pH downstream of the watershed 
whilst a pressure indicator could be the number of flooding events (Table 1). These would have to be 
assessed over scales broader than a forest site. In contrast, non-timber forest products are tied to 
the forest and most indicators thereof, such as quantity or quality (Table 1), would be assessed at 
the site scale. 

Table 1: Example indicators for four ecosystem services associated with afforestation, reforestation and forest 
restoration 

Benefits State Indicators (e.g.) Pressure Indicators (e.g.) Response Indicators 
(e.g.) 

Water regulation -Sediment load 
-pH 
-Forest cover 

-Overgrazing 
-Number of gullies 
-Flooding events 

-Riparian revegetation 
 

Non-timber products -Quantity 
-Quality 
-Number of pollinators 
Availability of products 
at local market 

-Extraction rate 
-Proportion of planted 
trees non-native  
-Pesticides 

-Area of agroforestry 
-Sustainable 
management 
-Community 
involvement 

Biodiversity -Number of species 
-Abundance of species 
-Extent of ecosystem 
-Forest deadwood 

-Invasive species 
-Nitrogen deposition 
-Fragmentation 
-Deforestation 

-Conservation efforts 
-Awareness raising 
events 

Soil conservation -pH 
-Soil organic content 
-Depth top soil 
-Total nitrogen 
-Bulk density 

-Fires 
-Logging 
-High rainfall events 
-Overgrazing 

-Assisted natural 
regeneration 
-Grazing control 
-Management strategies 
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4 Designing a monitoring system 

Choice of indicators is crucial to effective monitoring (Figure 3). Ecosystem services can be assessed 
through a range of indicators which in turn may sometimes be tailored for specific objectives. For 
example, for biodiversity, there could be a decision to monitor particular species.  

In selecting indicators relevant for monitoring the ecosystem-derived benefits of REDD+, it is first 
useful to review existing national data and monitoring schemes. For example, environmental 
information collected by different governmental or non-governmental agencies can sometimes be 
used to assess multiple benefits, either directly (data is collected at a scale compatible with multiple 
benefit needs) or indirectly (information provides additional data for baselines, modeling, or 
context). Resources and cost will also determine which indicators can be monitored. 

 

Figure 3: Steps to designing a monitoring system. There are three steps in such a system 1) scoping where 
the objectives and ecosystem services (ES) are determined and indicators are selected; 2) design where the 
scale, methodology and data collection methods are determined; 3) implementation and reporting. The 
collection of data is undertaken through a) remote sensing with ground truthing and optional modelling b) 
ground-based measurements and/or c) qualitative methods. The data are then analysed and evaluated. 
Finally data are reported and reviewed.  

Bold arrows indicate essential steps. Data collection options are dependent on the scale of the indicators 
with dashed lines representing local scale and fine lines representing sub-national/national scale. 
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The existing resources that could contribute to the development of ecosystem benefit indicators 
include data gathered to assess national progress towards the goals of international conventions and 
agreements. Similarly, new data gathered for the purposes of monitoring ecosystem-derived 
benefits could feed into national reporting under UN Conventions and other forest-related 
international agreements. For example, as part of its commitments to the 2010 biodiversity targets 
under the CBD, Viet Nam is monitoring national progress towards the global goal of effective 
conservation of 10% of each of the world’s ecological regions. The national extent of forest cover has 
been chosen as an indicator of forest conservation. The underlying data could contribute to 
indicators for ecosystem-derived benefits such as water regulation and biodiversity, which are 
affected by the presence and extent of forest cover, and improvements in the dataset resulting from 
REDD+ monitoring could be used to update the CBD indicator. 

Figure 3 shows the steps required in designing and implementing a monitoring system. There are 
three steps in such a system: (1) scoping, where the objectives and ecosystem services are 
determined and indicators are selected; (2) design, where the scale, methodology and data 
collection methods are determined; (3) implementation, where the data are collected, analysed, 
evaluated and reported. 

Approaches to monitoring include top-down methods (remote sensing) and bottom-up methods 
(ground-based) as well as a combination of the two. The precise methods selected to collect and 
analyze data are dependent on scale, the indicators chosen, and cost and resources. If the indicators 
pertain to local features then ground-based measurements may be necessary, or if they relate to 
socioeconomic matters then qualitative methods (e.g. consultation or questionnaires) are 
appropriate. If the indicators are national or subnational, such as forest extent, then remote sensing 
with ground-truthing and optional modeling may be the best approach.  

4.1 Remote sensing 

Any method that collects information about the Earth’s surface from a distance is classed as remote 
sensing. Two broad sensor types are available:  

a) passive sensors: these capture images from reflected light, from the vantage-point of a satellite or 
sometimes aircraft. Resolution varies as does spectral band, and these determine what kind of 
information can usefully be obtained. For example, the MODIS satellite views the entire surface of 
the Earth every one to two days, at three spatial resolutions: 250m, 500m, and 1000m, and its 
outputs can be interpreted to provide ecosystem and land cover data. In contrast, Landsat ETM+ 
image data have fewer spectral bands, but a spatial resolution of up to 30m. 
http://eros.usgs.gov/#/Find_Data/Products_and_Data_Available offers information on freely 
available data collated by the US Geological Survey. Data from other satellites are also readily 
available (though often not free).  

b) active sensors: these sensors emit an energy pulse to capture images and include radar and lidar. 
These provide detailed information that can be very useful in mapping forest structural 
characteristics. However, such data is expensive to collect and do not have the breadth of cover 
(geographic and time-series) that passive sensors have. There are some commercial sensors which 
provide such information. Radarstat-2 and Envisat for example provide radar data. 

http://eros.usgs.gov/#/Find_Data/Products_and_Data_Available�
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Use of remote sensing provides greater scope at greater speed to assess and monitor the 
environment (Strand et al. 2007). Remote sensing information usually requires additional 
information to interpret the data, relating it to reality on the ground. Technical expertise is also 
required to process the data. Strand et al. (2007) give a good overview of the type of ecosystem and 
biodiversity information that can be acquired through interpreting remotely sensed imagery. 

4.2 Ground-based measurements 

Ground-based measurements are the most common forms of monitoring. The location and 
methodology as well as the technical expertise required for these vary depending on what is being 
measured. Field methodology options include surveys, transects, point sampling, quadrats, 
interviews, questionnaires and workshops. Examples of indicators and associated monitoring 
methodologies are provided in the annex of the Guidelines for monitoring and evaluation for 
biodiversity projects (World Bank, 1998). There exist also a number of publications on field 
techniques, such as the Handbook for biodiversity methods: survey, evaluation and monitoring (Hill 
et al., 2005). Information and handbooks also exist for other environmental (e.g. Artiola et al., 2004) 
and socio-economic survey techniques. 

There are costs and trade-offs in using either top-down or bottom-up methods. To assess which 
method to use to collect data, two factors need to be evaluated. First is the fitness for the purpose, 
which is determined by the relevance of what is being measured and the precision & accuracy of the 
method. The second is the available resources, which is expertise, equipment and money. Although 
indicators chosen will to some extent determine the data collection, the reverse may also occur. 

Using remote sensing is the fastest and easiest way to derive environmental data. However, 
technical capacity is required to interpret and derive the necessary data from the remote sensing to 
construct meaningful indicators. Furthermore, some ground truthing is required for analysis of 
remote sensing data.  

Setting up and regularly implementing field surveys can be costly in terms of time and costs. These 
costs could be reduced first by making use ongoing monitoring schemes if possible and second by 
using community monitoring. Communities in forest areas can be trained to collect relevant data, 
which also has the benefit of involving communities in REDD+ and typically provides them with a 
direct financial incentive (Skutsch et al., 2009).  

To avoid duplication of effort, it is worth considering the relationships and synergies between 
monitoring for carbon stock change and monitoring for ecosystem services. Monitoring carbon stock 
change requires information on forest area and change within the forest area, which can be 
obtained through remote sensing and on the ground measurements to calibrate the remote sensing 
and obtain tree-specific information. Where these techniques can also provide information on 
ecosystem services, using the monitoring scheme for carbon to at the same time monitor ecosystem 
services may prove cost-effective (Teobaldelli et al., 2010).  
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5 Implementation and reporting 

Before full implementation of the monitoring system, the indicators chosen and the data collection, 
analyses and indicator calculation should be tested. The testing phase is crucial to identify: 

1) whether the indicator gives an accurate message about changes in the ecosystem service it 
measures. This will indicate whether the indicator is fit for purpose. 
2) whether the data can be feasibly collected repeatedly, given levels of cost, expertise, and access 
to field sites. At this point, it can be determined whether any (further) training is required, whether 
other resources are necessary and whether the monitoring system needs to be redesigned. 
3) whether the indicator is understood by the audience. 

In order to determine the effect of a REDD+ activity on the ecosystem services of interest, baselines 
for the indicators may need to be established so as to give meaning to the current value of the 
indicator. For this purpose, the baseline could be reference to some historical level (average or value 
of a predetermined time period), or can be calculated as a historical rate of change. This latter type 
of baseline is that most used for some of the CBD indicators (Butchart et al. 2010) since their 
purpose was to indicate whether the rate of loss of biodiversity had been reduced (Decision VI/26). 
Baselines can also be set with the use of scenarios project what would happen without actions, i.e. a 
business-as-usual (BAU) baseline (Angelsen, 2008). If no information is available to determine a 
baseline prior to the set up of a monitoring system then the first measurements may need to serve 
as baseline. Depending on the indicator and on what question is aims to answer (e.g. rate of change 
versus state), measurements may be required prior to the set REDD+ activity to determine the effect 
of REDD+. 

Implementing the full scale monitoring system involves gathering and reviewing data, analyzing data 
and calculating indicators. The results can then be drawn up in a reporting system. Considerations at 
this stage involve data storage, analytical capacities, training and how the indicators will be 
reported.  

Reporting formats vary. The ideal reporting principles for carbon stock change are that the estimates 
of greenhouse gas removals and emissions be transparent, consistent, comparable, complete and 
accurate (GOFC-GOLD, 2009). In terms of reporting ecosystem service indicators some of these 
principles are useful, whilst the principles of comparability (across countries) and completeness 
(across carbon pools, etc.) are less relevant. Transparency in reporting on ecosystem service 
indicators would entail clearly documenting and explaining the methodologies used and the 
assumptions made. This is particularly important for ecosystem service indicators since some of the 
indicators may be proxy measures. Consistency would ensure that indicators used, methods and 
data used to calculate them were always the same between sites and through time. Accuracy refers 
to avoiding any systematic bias in the data, and providing a measure of confidence where possible. 

Some form of verification would add credibility to the results. Verification could be either an internal 
process, which implements a quality assurance and quality control plan, and/or could be achieved 
through third party (external) verification using a set of defined criteria (Brown, 2002). Verification 
may be a challenging and costly process. Costs could be reduced through the use of simple criteria 
and confidence intervals (Penman et al., 2003) or through local verification if community-based 
monitoring is undertaken.  



Methods for assessing and monitoring change in the ecosystem-derived benefits of afforestation, 
reforestation and forest restoration 

 

  Page | 10    

6 References 

Angelsen A. (Ed) (2008) Moving ahead with REDD: issues, options and implications. CIFOR, Bogor, 
Indonesia 

Artiola, J.F., Pepper, I.L. & Brusseau, M. (2004) Environmental monitoring and characterisation. 
Elvesier Academic Press, USA. 

Brown, S. 2002. Measuring, monitoring and verification of carbon benefits for forest-based projects. 
Philosophical Transactions: Mathematical, Physical and Engineering Sciences, 360: 1669-1683. 

Bubb, P.J., Almond, R., Kapos, V., Stanwell-Smith, D. & Jenkins,M. (2010) Guidance for national 
biodiversity indicator development and use. UNEP-WCMC, Cambridge, UK. 

Butchart, S.H.M., Walpole,M., Collen, B., van Strien, A., Scharlemann, J.P.W., Almond, R.E., Baillie, 
J.E.M., Bomhard, B., Brown, C., Bruno, J., Carpenter, K.E., Carr, G.M., Chanson, J., Chenery, A., Csirke, 
J., Davidson, N.C., Dentener, F., Foster, M., Galli, A., Galloway, J.N., Cenovesi, P., Gregory, R.D., 
Hockings, M., Kapos, V., Lamarque, J.-F., Leverington, F., Loh, J., McGeoch, M.A., McRae, L., 
Minasyan, A., Hernández Morcillo, M., Oldfield, T.E.E., Pauly, D., Quander, S., Revenga, C., Sauer, 
J.R., Skolnik, B., Spear, D., Stanwell-Smith, D., Stuart, S.N., Symes, A., Tierney,M., Tyrrell, T.D., Vié, J.-
C., & Watson, R. (2010) Global biodiversity: indicators of recent declines. Science, 328, 1164-1168. 

EEA (2007) Halting the loss of biodiversity by 2010: proposal for a first set of indicators to monitor 
progess in Europe. EEA Technical Report no 11. The European Environment Agency, Copenhagen. 

Elzinga C.L., Salzer D.W., Willoughby J.W., Gibbs J.P. (2001). Measuring and Monitoring Plant 
Populations. Bureau of Land Management National Business Center. USA 

Fisher B., Turner R.K., Morling P. (2009). Defining and classifying ecosystem services for decision 
making. Ecological economics 68: 643-653 

Green, R.E., Balmford, A., Crane, P.R., Mace, G.M., Reynolds, J.D. & Turner, R.K. (2005) A framework 
for improved monitoring of biodiversity: responses to the World Summit on Sustainable 
development. Conservation Biology, 19, 56-65 

Hill, D., Fasham, M., Tucker, G., Shewry, M. & Shaw, P. (2005) Handbook for biodiversity methods: 
survey, evaluation and monitoring. Cambridge University Press, Cambridge 

Miles, L., Dunning, E., Burgess, N. & Doswald, N. 2010a. Safeguarding and enhancing the ecosystem 
co-benefits of REDD+. Multiple Benefits Series 2. Prepared on behalf of the UN-REDD Programme. 
UNEP World Conservation Monitoring Centre, Cambridge, UK 

Miles, L., Kapos, V., Dunning, E. 2010b. Ecosystem services in reforested, afforested and restored 
forest areas: tool development. Multiple Benefits Series 5. Prepared on behalf of the UN-REDD 
Programme. UNEP World Conservation Monitoring Centre, Cambridge, UK.  

Palmer, M.A., Filoso, S. 2009. Restoration of ecosystem services for environmental markets. Science 
325: 575-576 



Methods for assessing and monitoring change in the ecosystem-derived benefits of afforestation, 
reforestation and forest restoration 

 

  Page | 11    

Penman, J., Gytarsky, M., Hiraishi, T., Krug, T., Kruger,D., Pipatti, R., Buendia, L., Miwa, K., Ngara, T., 
Tanabe, K., Wagner, F. (eds) 2003. Good Practice Guidance for Land Use, Land-Use Change and 
Forestry. Intergovernmental Panel on Climate Change Working Group – National Greenhouse Gas 
Inventories Programme. 

Sajwaj,T., Harely, M. & Parker, C. (2008) Eliasch Review: forest management impacts on ecosystem 
services. AEA, UK. http://www.occ.gov.uk/activities/eliasch/AEA_ecosystem_services.pdf 

Sheil D. (2002). Why doesn’t biodiversity monitoring support conservation priorities in the tropics?. 
Unasylva 209, Vol. 53:50-54 

Skutsch, M.M., van Laake,P.E., Zahabu,E.M., Karky, B.S. & Phartiyal, P. (2009) Community monitoring 
in REDD+. In Angelsen A., with Brockhaus M., Kanninen M., Sills E., Sunderlin W. D. and Wertz-
Kanounnikoff S. (eds). Realising REDD+: National strategy and policy options. CIFOR, Bogor, 
Indonesia: p.101-112. 

Strand, H., Hoft, R., Stritthold, J., Miles, L., Horning, N., Forsight, E., Turner W. (2007) Sourcebook on 
remote sensing and biodiversity indicators. Secretariat of the Convention on Biological Diversity, 
Montreal, Technical Series no. 32. 

Teobaldelli, M., Doswald, N., Dickson, B. (2010) Monitoring for REDD+: carbon stock change and 
multiple benefits. Multiple Benefits Series 3. Prepared on behalf of the UN-REDD Programme. UNEP 
World Conservation Monitoring Centre, Cambridge. 

World Bank (1998) Guidelines for Monitoring and Evaluation for Biodiversity Projects. Biodiversity 
Series, World Bank Environment Department Papers, Global Environment Division, Washington DC. 
http://siteresources.worldbank.org/INTBIODIVERSITY/214584-
1110959186651/20611829/270310Guidlines0for0monitoring.pdf 


	1 Introduction
	2 What are monitoring systems?
	3 Selecting indicators: conceptual frameworks for monitoring ecosystem-derived benefits
	4 Designing a monitoring system
	4.1 Remote sensing
	4.2 Ground-based measurements

	5 Implementation and reporting
	6 References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



