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Investors of all kinds require hard data on which to base and justify their allocation of capital.  This requires 
effective and efficient monitoring and evaluation.   
 
A review of existing measuring, reporting and verification (MRV) systems reveals that there is no universally 
accepted way of providing the data required.  The review also reveals that the indicators which are used to 
evaluate projects must be carefully selected in line with both the goals of the project and the wider 
requirements for results that are comparable with other projects. 
 
The concept of the Field Monitoring System (FMS) is introduced as a tool to generate robust, verified data 
which meets the requirements of investors in monitoring and evaluating positive social, environmental and 
financial changes at the landscape level. 
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Executive Summary 
 

If the enterprises supported by ICRAF’s Secured Landscapes Project are to be sustainable in the 
long term, they must be able to prove that they are producing returns on investment that match 
the needs and expectations of investors. 

Robust and comparable monitoring and evaluation of sustainable impacts and returns is therefore 
fundamental for scaling up investment in all kinds of rural enterprises; in particular the 
Measuring, Reporting and Verification (MRV) of results in agroforestry is an absolute 
requirement.   

Investors of all kinds need tangible information on which to base their financial decisions: as 
much for development agencies and philanthropic donors deploying funds to effect public goods 
as for private investors seeking new sources of profit.  Donors and private investors alike are 
expected to account for the funds that they deploy: a charity must report to its trustees that the 
funds it has deployed had a certain quantifiable impact, just as fund managers must report to their 
clients the profit or loss they have returned on capital invested.   

For novel practices, including many forms of sustainable land use, there is generally a need for 
public money to provide enabling investments that can catalyze private engagement.  MRV systems 
can provide the justification for public investment, but they also provide a clear picture of how 
that support can be withdrawn and replaced by private finance. 

The information that allows investors to make these decisions and account for the expected 
impacts and returns must be based on data that is high quality, highly reliable, and standardized.  
It should also be delivered in a more immediate and continuous fashion than existing MRV 
systems generally allow for. This assists the recipients of data to identify problems as – or even 
before – they develop. 

The Munden Project is developing a Field Monitoring System (FMS) to provide efficient, cost-
effective and systematic MRV to rural operations, projects and landscapes.  The system is designed 
to be rugged, cheap and highly adaptable.  Our aim is to radically improve on the complexity and 
cost of MRV by automating data gathering where possible and reducing the resources required 
where data must be gathered by hand.  It does this by exploiting technology – both hardware and 
software – in an innovative way. 
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Our review of existing MRV systems revealed a complex web of ambitious yet not particularly 
successful attempts to monitor sustainable development.  These provide some useful markers to 
guide ICRAF’s MRV development for the Secured Landscapes Project.   

However, much of the investment in the development of existing, comparable MRV systems over 
the last few years has been geared so providing information at the national scale.  This is because 
these systems are designed to fit in with national and global programs such as the UNFCCC and 
REDD.  An MRV system for ICRAF’s use must adapt existing metrics and processes so that they 
are suitable at the local level, reflecting the impact of its programs on landscapes and communities. 

Reporting must of course provide a counterpoint to the goals of the program in question.  In 
ICRAF’s case, the goal is to develop and implement production systems that improve on existing 
land use practices because they offer greater environmental sustainability and simultaneously offer 
a better livelihood for the producers who adopt them.   

MRV efforts for the Secured Landscapes Project must gather data that can be used to identify and 
analyze changes in the environmental, financial and social contexts of the landscapes in which it 
operates.  Changes over time will indicate the impact of ICRAF’s programs at the landscape level 
and will provide reference points by which to judge progress towards their goals. 

This report therefore addresses two questions, with particular reference to the aims of ICRAF’s 
Secured Landscapes Project: 

1. How can we be sure that sustainable land use practices are actually sustainable – 
environmentally, financially and socially? 

2. How can we use data to make sustainable land use practices more attractive to investors? 

Section 1 addresses the lack of capital for sustainable land use (SLU) in general and for emerging 
markets small holders in particular.  It explains that the primary obstacle to raising the capital 
needed to scale-up sustainable production practices is the lack of information to justify investment 
decisions and report on successes and failures.  The first section also describes the reporting needs 
of different kinds of investors and why these are important to recognize.   

Section 2 of the report introduces a system that is being developed by The Munden Project to 
address the challenges of MRV.  Its purpose is that robust monitoring, reporting and verification 
of the data needed by investors can be executed in a timely, consistent, comparable and cost-
efficient manner.  The proposed system does this using a single, flexible design using ruggedized 
hardware and software. 
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In Section 3 we review existing ways to define measure of sustainable development.  We suggest a 
tripartite, complementary system of indicators of environmental, financial and social indicators 
that can provide a realistic picture of the impact of the Secured Landscapes Project that is rooted 
in ICRAF’s goals. 

Section 4 provides our conclusions on how these can be applied directly to the development of the 
Secured Landscapes Program.  It gives a broad overview of the operational application of FMS and 
timelines on implementation in the field. 

In the Appendix I we provide a full list of indicators matched to metrics, verification mechanism 
and key cost drivers.  This is followed in Appendix II by a suggestion of how these indicators might 
be tailored to ICRAF’s projects in Cameroon, Peru, Indonesia and Vietnam.  Finally, in Appendix 
III we provide a review of existing MRV systems which provided the initial foundations for the 
improved approach described in this paper. 
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1. MRV and the Financial Sustainability of Sustainable Land Use 
 

Robust and comparable MRV is a fundamental requirement for scaling up investment in 
sustainable land use.  Both public and private sources of capital are in great demand, and from an 
individual project or land user perspective this makes them fundamentally scarce.  They also face 
substantial scrutiny on how they spend and what results are achieved by this spending. 

To access these critical funding streams, an enterprise must present an attractive investment 
opportunity to the people who are in a position to lend them money (investors), because they 
exhibit the right ratio of risk to return.  Hence, an important goal of the Secured Landscapes 
project is to develop practices that are investor-ready.  This section of the report explores the ways 
in which MRV can do this. 

This does not necessarily mean that all of the practices must generate huge financial profits.  As we 
saw with the case studies in Vietnam and Cameroon (see Appendix II), it may not even be possible 
for certain sustainable land use practices to run at a financial surplus.  However, there are certain 
types of investor – including public donors and some impact investors – for whom the social and 
environmental benefits of adopting the practices is sufficient return on their investment without a 
financial profit or even with a financial loss. 

Financial returns are inherently easier to quantify than social or environmental impacts, and can 
easily be demonstrated for socially and environmentally unsustainable activities.  This has meant 
that the allocation of capital has tended to follow this path of least resistance away from financing 
sustainable land use practices, which have high up-front costs and less certain results from a 
financial perspective. 

The status quo of many rural landscapes is that monitoring of production activities is rudimentary, 
if present at all.  They have little or no data on current production practices and what those yield 
in operational and financial benefits.  This makes it difficult in the extreme to prove that proposed 
sustainable production methods can lead to better livelihoods, and harder still to convince 
commercial lenders to extend credit. 

There are three different but related reasons that this MRV is paramount to bridging the funding 
gap: 
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1: Public and charitable donors need to quantify public goods 

These investors are primarily interested in social and environmental returns.  But they have a 
limited amount of capital to convert into public goods. As such, donors require ways of 
distinguishing between the promised returns of a range of projects seeking funding, and this can 
only be achieved with effective MRV systems.   

Whether it is in the form of cash returns for agricultural laborers or increased carbon stocks, those 
responsible for spending must be able to read reports which give quantitative, verified and 
comparable information on the performance of investments regularly and transparently. 

2: Investors seeking financial returns 

Private investors are always seeking new ways to deploy capital in pursuit of lower risk or greater 
return.1  However, most private investors find it hard to justify funding sustainable land uses 
because there is so little hard evidence on which to base investment decisions, evaluate financial 
risks and value assets.2   

In many cases, private investors are obliged by their shareholders, clients, or even regulators to 
meet certain minimum standards of risk or return in their investments, and these calculations can 
only be made with verifiable, hard data.  Furthermore, if investments are small-scale, as with many 
sustainable practices, investors will be unwilling or unable to invest their time on diligence unless 
they can easily pull verified data 

3: Land users 

Rural communities need the evidence to demonstrate to investors that the rewards of adopting 
new practices outweigh the risks of moving away from established practices.  They cannot do this 
without access to affordable credit as well as other formal financial services (for example insurance) 
in some form.   

                                                 

1 Diversification is one of the central disciplines of modern investment practice and finding new places to invest capital for financial 
return is especially desirable in the low interest rate environment of the last few years.  Investments in agriculture in emerging 
markets could provide a very welcome new asset class, if the conditions for investment were better and the risks easier to 
understand.   For a typical example of how investors approach diversification, see Aon Hewitt: Desperately seeking diversification: Why 
and how should you diversify your growth assets? November 2013. http://www.aon.com/unitedkingdom/attachments/thought-
leadership/aon-hewitt-desperately-seeking-diversification-nov2013.pdf  

2 The Munden Project, How to improve the data collection process for financing sustainable practices in agriculture, agroforestry and forestry? 
April 2014 

http://www.aon.com/unitedkingdom/attachments/thought-leadership/aon-hewitt-desperately-seeking-diversification-nov2013.pdf
http://www.aon.com/unitedkingdom/attachments/thought-leadership/aon-hewitt-desperately-seeking-diversification-nov2013.pdf
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This access is particularly important for sustainable practices because they typically have both high 
capital expenditure and long lead-times.  As such, is difficult for smallholders to scale up 
production or move up the value chain as they have limited access to the labor, resources, and 
capital needed to make changes.  Access to these will allow them to become more competitive in 
the world market.3   

This competitiveness and the broader financial sustainability of enterprises are also directly 
influenced by the ability of rural entrepreneurs to assess their own finances.  This basic accounting 
is not only required for outside investment, it is a useful tool for enhancing a business’ ability to 
manage itself and maintain sustainable incomes and expenditures. 

The sequencing of public and private investment 

Public capital can have a significant impact at a relatively low cost by helping generate an evidence 
base for sustainable land use practices at the same time as providing the initial funding to get 
projects started.  In fact, this is a necessary condition of catalyzing private investment at scale in 
sustainable land use.  Sequencing of funding streams is crucial to bridging the gap in finance for 
sustainable rural enterprises.  It also provides the stable social and environmental foundations 
which sustainable business require to thrive. 

There are four broad categories of potential sources of funding to scale up sustainable land use: 
public donors who support major national and international development goals; impact investors 
who seek to generate public goods as much as return on investment; private investors who invest 
for the purpose of financial profit; and alternative sources of finance that each focus on specific 
target sectors and with varying motivations for investment.4 

Each of these groups invests capital for different reasons, and thus requires different information 
in order to evaluate the returns on its investment.  We provide a brief overview of each below. 

 

 

                                                 

3 Sustainable Agriculture and Rural Development (SARD).  “SARD and Rural Enterprises”.  SARD Policy Brief 6.  2007.  Available 
at http://www.fao-ilo.org/fileadmin/user_upload/fao_ilo/pdf/SARD-RuralEnt-english-_electronic-version_.pdf  

4 The Munden Project, Patterns of Investing in Sustainable Landscapes:  Investors and investment vehicles in developing countries. November 
2014. 

http://www.fao-ilo.org/fileadmin/user_upload/fao_ilo/pdf/SARD-RuralEnt-english-_electronic-version_.pdf
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Public Funding 

Public institutions such as multilateral development banks, governments and overseas aid 
ministries make their investments in sustainable rural enterprise for political reasons.  Every 
funding decision is informed by ideological goals on economic, political and social development, 
and these goals vary between institutions.   

To give a concrete example, the World Bank is primarily concerned with alleviating poverty and 
inequality, and has quantified metrics for two goals to be achieved globally by 2030: 

1) End extreme poverty by decreasing the percentage of people living on less than $1.25 a day 
to no more than 3%; 

2) Promote shared prosperity by fostering the income growth of the bottom 40% for every 
country.5 

National aid organizations similarly seek to achieve quantifiable results as key parts of their overall 
strategy, which is subject to political and public scrutiny.  The UK’s Department for International 
Development (DFID), whose foremost aim is to end extreme poverty, included the following in 
their priorities: 

1) secure the right to land and property for more than 6 million people by 2015; and 
2) protect the world’s forests and the livelihoods of the 1.2 billion people who depend on 

them6 

In order to monitor the progress in achieving their priorities, the DFID is using its Results 
Framework7 as a tool to monitor and report progress in delivering the results commitments, 
providing evidence of the impact of UK aid and the improvements made to the lives of poor 
people in the countries where the UK works. 

                                                 

5 http://www.worldbank.org/en/about/what-we-do  

6 Department for International Development.  About us: https://www.gov.uk/government/organisations/department-for-
international-development/about. Accessed 18 December 2014 

 

7 The Results Framework is organized into 4 levels. It sets out the development outcomes DFID is seeking to contribute to (level 1), 
the actual results DFID will deliver (level 2), and the metrics DFID use to measure its organizational effectiveness and efficiency 
(level 3 and 4).  Available at https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/360906/DFID-
external-results-Sep_2014.pdf  

http://www.worldbank.org/en/about/what-we-do
https://www.gov.uk/government/organisations/department-for-international-development/about.%20Accessed%2018%20December%202014
https://www.gov.uk/government/organisations/department-for-international-development/about.%20Accessed%2018%20December%202014
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/360906/DFID-external-results-Sep_2014.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/360906/DFID-external-results-Sep_2014.pdf
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For organizations like the World Bank, it is more important to know that these investments are 
moving the ball downfield towards these goals than it is to make large financial profits.  Hence the 
kind of MRV required for public investors must include a lot of data that can reveal the 
environmental and social impacts of their investment as well as the financial mechanics.8   

Impact Investors 

Impact investors aim to bring about positive outcomes for people, communities and society as a 
whole, as well as investing for financial returns.  Impact investment has a significant role to play in 
supporting the early development of innovation in areas which have limited access to private 
finance.   

For example Community Capital Management9, a fixed income10 investor based in the United 
States, lends money to small businesses at rates that are lower than standard commercial loans, 
with the aim of encouraging job creation in poor communities.  Community Capital Management 
even makes investments in sustainable small-scale agriculture enterprises11 – although these are at 
present only directed at farms in the United States, where data on financial and operational 
performance are abundant. 

It is estimated that the market for impact investing will grow to US$500 billion in the coming 
decade.12  A significant portion of that money could be directed towards projects like ICRAF’s 
Secured Landscapes, if the right data were available.   

It is very important to note that impact investment firms are held to the same standards of 
reporting and accountability as other investment funds.  They must be able to provide detailed 

                                                 

8 For example, The International Finance Corporation’s Development Outcome Tracking System provides a rating which 
synthesizes four performance categories: financial performance, economic performance, environmental and social performance, and 
private sector development impact 
http://www.ifc.org/wps/wcm/connect/Topics_Ext_Content/IFC_External_Corporate_Site/IDG_Home/Monitoring_Tracking_R
esults/Tracking_System/ 

9 http://www.ccmfixedincome.com/  

10 Fixed Income is the term that describes debt investing – including bonds, loans and mortgage. 
http://www.investopedia.com/terms/f/fixedincome.asp  

11 Community Capital Management, Investing In Sustainable Agriculture, October 2014 
http://www.ccmfixedincome.com/files/CCM_SustainableAgriculture_2Col.pdf  

12 Monitor Institute.  “Investing for Social & Environmental Impact-A Design for Catalyzing An Emerging Industry”.  2009.  Jessica 
Freireich, Katherine Fulton.   

http://www.ifc.org/wps/wcm/connect/Topics_Ext_Content/IFC_External_Corporate_Site/IDG_Home/Monitoring_Tracking_Results/Tracking_System/
http://www.ifc.org/wps/wcm/connect/Topics_Ext_Content/IFC_External_Corporate_Site/IDG_Home/Monitoring_Tracking_Results/Tracking_System/
http://www.ccmfixedincome.com/
http://www.investopedia.com/terms/f/fixedincome.asp
http://www.ccmfixedincome.com/files/CCM_SustainableAgriculture_2Col.pdf
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operational and financial statements for both their own activities and their underlying portfolio – 
to both investors and regulators – on a regular basis. 

This means that they must have access to sufficient data not only on the financial aspects of the 
businesses in which they invest, but also thorough and transparent information to report on the 
social and environmental impacts they have committed their clients’ money to achieve.13 

Private Finance 

Mainstream investment practice is dependent on consensual estimations of risk and return.  The 
metrics used to judge risk vary over time and between different kinds of investment, but one 
essential factor is common to investment analysis: information provides an edge.  The better your 
information, the better you can account for, model, and predict risks and returns. 

Equations of risk and return dictate investor appetites in an asset.  The problem with investing in 
smallholders in emerging markets is that investors know next to nothing about what the returns 
may be, and this is largely because farmers cannot tell you how much produce they grew and what 
it was worth.  Neither do we know the risks of failure, because we don’t have data on the necessary 
inputs; in other words, because we don’t have data on how production varies and under what 
circumstances, we can’t produce reasonably accurate models, nor identify stress points within 
them.14 

Alternative and Non-traditional Sources of Finance 

Numerous alternative routes to financing have sprung up over the past couple of decades that put 
pressure on organizations to make contributions towards sustainable development goals.  One 
such approach is value chain finance, where buyers or traders provide short-term credit to 
producers that is linked to the subsequent sale of their produce.   

                                                 

13 For an example of the kind of reporting required, see Community Capital Management’s Annual Impact Report: 
http://www.ccmfixedincome.com/files/CCM2013AnnualImpactReport.pdf  

14 By “stress points” we refer to variable elements of the financial model that can have a significant impact upon income and 
expenditure (and hence, profitability).  Our paper for ICRAF on financial modelling for Secured Landscapes goes into some detail 
on the availability of metrics to input to the financial models, and the constraints on modelling in their absence. 

The point is that without concrete data on how variations in real inputs affect real income and expenditure, the best we can do in 
terms of modelling risk and return is a well-educated guess.  This would by no means be sufficiently robust to be of use in the 
investment process of a regulated financial entity like a bank or institutional fund manager. Nor, more importantly, would 
decisions based on such guesswork be compliant with legal and regulatory requirements for risk management. 

http://www.ccmfixedincome.com/files/CCM2013AnnualImpactReport.pdf
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Multinational agribusiness companies, such as those engaged in out-grower schemes with 
smallholders, provide financing on the basis of their individual contracts with producers.15  In this 
case, data on production volumes and timing of harvest of contracted producers, with respect to 
their own production requirements, will strongly influence investment decisions.  Specialized trade 
finance facilities offering export credit will have to consider market opportunities and risks, both 
domestic and foreign, as bases for providing loans. 

The role of MRV in ICRAF landscapes 

The use of MRV systems in the selected ICRAF landscapes will enable farmers to report the data 
that investors need in order to work out the value that they are getting for their money – whether 
the value they are seeking is environmental, social or financial.  The question, then, is how to 
gather the data that is currently lacking, so that we can start to build up the body of evidence 
necessary to bring Secured Landscapes into the investable universe. 

The next section of the report describes the Field Monitoring System (FMS), which is being 
developed specifically for the purpose of gathering MRV data in remote locations. This is followed 
by a suite of suggested indicators that could be gathered with the FMS, which is complemented in 
Appendix II by a suggestion of how this array of indicators can be tailored to ICRAF’s projects in 
Cameroon, Peru, Indonesia and Vietnam. 

  

                                                 

15 Carroll, T., A. Stern, D. Zook, R. Funes, A. Rastegar, and Y. Lien (2012), Catalyzing Smallholder Agricultural Finance, Dalberg 
Global Development Advisors. 
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2. The Field Monitoring System 
 

The Munden Project is developing a data capture, transmission and analysis solution to meet core 
challenges in measuring, reporting and verification head-on.  The Field Monitoring System (FMS) 
has been designed to deliver robust and standardized reporting that is cost effective and can be 
adapted to different local contexts and investor requirements. 

The FMS is explicitly designed to produce information that analysts can use immediately to track 
progress in real-time.  Much of this information, such as calculations of cash flows derived from 
financial data, can be investor-ready at the point of delivery.  The way in which the FMS gathers, 
stores, transmits and processes data is informed by the nature of the data required but is always 
designed to enable this near-instant reporting. 

In the following chapter we explore in more detail the requirements of different MRV systems, 
and the particular requirements for monitoring and evaluation of the Secured Landscapes project.  
First, however, it is necessary to understand how the FMS works, and the potential improvements 
that it offers in producing verified, comparable data at reasonable cost. 

How the FMS works 

The Field Monitoring System has four key elements which are essential to this task:  

(1) Sensors which record data autonomously, such as rainfall or energy usage;  
(2) Surveys which record data on handheld devices with the aid of people;  
(3) A data storage and transmission device; and  
(4) A suite of software which receives and processes raw field data into useable, analyzable 

information (in some cases, producing analyzed information).   

The first three elements, which require hardware operating in the field, are all designed to meet 
the requirements of remote locations – i.e. they have to be able to work anywhere, in any 
conditions.  This ruggedness is one way in which the FMS is designed to produce robust, reliable 
and cost-effective information – it also makes it highly scalable.  

Because the FMS hardware is designed to withstand exactly the kinds of conditions that make it 
difficult to get consultants out to remote locations, costs associated with delays in transporting 
people can be reduced or eliminated.  And because many results can be uploaded and analyzed 
almost as soon as they are obtained, and some can be taken regardless of weather, the data has 
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greater consistency, reliability, and predictability.  In fact, by providing a direct link to conditions 
in the field (for example, is there heavy rainfall?  Is there some kind of emergency?), FMS can allow 
better planning for the kinds of events that disrupt measurement. 

The design of FMS equipment also addresses the communications difficulties of remote, rural 
areas.  Depending on access to communications networks, FMS can be adjusted to transmit data 
via the cheapest available option, and can transmit data packages via satellite where no other 
communications networks exist. 

This connection to communications systems is also relevant to the ways that FMS gathers and 
verifies information in connection with geographic information systems (GIS).  Handheld devices 
like smartphones can be used to capture geographically (or “tag”) specific data like the locations of 
key infrastructure or natural resources, as well as the locations of survey respondents.  This 
information is accompanied by data on the location of remote sensing devices like weather stations 
or soil quality sensors. 

Certain changes across tagged locations can then be easily – and automatically – detected using 
remote sensing from satellites or even unmanned aerial vehicles.  As such, the FMS provides a 
direct, verifiable connection between landscape-level changes and conditions at the immediate, 
local level.   

Recording Data 

FMS also reduces the cost of reporting by automating certain measurements, as well as the transfer 
of data to end-users wherever possible.  Many environmental metrics, such as soil quality, can be 
measured without human input, and often the sensors can be adjusted remotely to adapt to local 
conditions.  This automation helps to meet some of the challenges faced by MRV systems in 
providing standardized information (see Appendix III). 

Once the metrics for the indicators are established, they do not require further resources for 
repeated measurements.  Local energy needs for these kinds of sensors are extremely low, and are 
especially efficient when compared to the costs of transport and accommodation for consultants 
and their kit. 

This is not to say that the FMS can or should operate entirely independently of human 
intervention.  There will be some methods of recording data that people will always be better at, 
and some biases that machines have that will always need to be monitored.   
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FMS is explicitly designed to allow money to be spent on the labor-intensive methods of MRV 
more effectively, for example to provide training to people who are best-placed to capture data with 
field inventories and surveys.16 

The technology itself is also designed to be appropriate to local needs and capacities.  The relevant 
hardware requires little to no maintenance, and FMS surveys are designed to be easily 
administered with minimal training, and in terms and languages that people in remote locations 
understand.  Furthermore, the use of smart devices makes it easier to integrate audio and visual 
resources which can help overcome language and literacy barriers. 

FMS allows for machines and people each to provide a counter to each other’s biases.  It does this 
by focusing resources on the training of local people, and building in failsafe mechanisms and 
incentive structures that promote good record-keeping and avoid perverse incentives or moral 
hazards.  

The FMS creates standardized data by automating the methods of data entry and transmission 
wherever possible – and it ensures that this data is robust and verified by connecting to human-
collected data to remotely monitored data.17 

By sending all data through the hardware hub and integrated data-handling facility, the FMS 
software can identify missing data and outliers that warrant verification or explanation.  It can do 
this much more quickly and easily (and, therefore, much more cheaply) than a person is able to do. 

Storage and Transmission 

Finally, the core hub of the FMS is a self-powered data storage, collection and dissemination device 
which uses open-source hardware.  This means that it is highly adaptable to different sources of 
data, and for use on a wide range of metrics and indicators.   

                                                 

16 Brofeldt S, Theilade I, Burgess ND, Danielsen F, Poulsen MK, Adrian T, Bang TN, Budiman A, Jensen J, Jensen AE, Kurniawan 
Y, Lægaard SBL, Mingxu Z, van Noordwijk M, Rahayu S, Rutishauser E, Schmidt-Vogt D, Warta Z, Widayati A. Community 
Monitoring of Carbon Stocks for REDD+: Does Accuracy and Cost Change over Time? Forests. 2014; 5(8):1834-1854. Available at: 
http://www.mdpi.com/1999-4907/5/8/1834 

17 By automating the process of data entry, FMS reduces transcription errors, and can help in identifying and reducing ‘coding’ 
errors.  For example, standardized surveys can be set up to give optional answer fields rather than free-text; this reduces or 
eliminates human errors such as accidentally adding a zero or other character, or filling in the answer for a question in the wrong 
place. 

http://www.mdpi.com/1999-4907/5/8/1834
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The production of the FMS hardware data storage and transmission device is explicitly geared 
towards being as flexible to local conditions as possible.  The nature and the substance of the data 
collecting can be tailored to any given context – it can be altered to use different sensors, languages 
and survey types.  Also adaptable are the ways that information is processed and analyzed at the 
end of the process (see the final section of this chapter).  

Once the FMS hub is in place, different measuring devices can be either hardwired to it or connect 
remotely.  For example, taking a constant measurement of electricity usage is relatively 
straightforward, and this data can be combined with survey data on the different types of energy 
that are used.  Meanwhile, surveys taking inventories of species diversity can be produced and 
standardized in partnership with local expertise, and recorded using the same devices which survey 
financial indicators or capture farmer social data. 

One of the chief advantages of the Field Monitoring System is that it connects data collection and 
entry directly to data analysis.  Aside from reducing errors in transcription, this aspect of the FMS 
offers further advantages in the efficiency and capability of data handling and analysis. 

Analysis 

Analysts a world away from the project site are provided with the potential for continuous, real-
time streams of data, which in turn can be presented instantaneously as useable information.  By 
automatically feeding, for example, raw financial data into software which calculates metrics of 
direct interest to investors, the FMS produces processed information from regular streams of data. 

To elaborate on this example, FMS survey questions relating to financial indicators will revolve 
around basic metrics which measure farmers’ income, expenses, assets, and debt/liabilities.  These 
indicators are under Set A of the financial indicators listed on page 34 (and detailed in Appendix 
I) of this document.   

The results in Set A will then be used to compute for Set B of financial indicators that will serve 
the purpose of informing potential investors:   

Indicator Metrics 
Profitability ROA 

Profit Margin 
Liquidity Current Ratio 
Efficiency Asset Turnover Ratio 
Debt Debt-to-Equity Ratio 

       Table 1.  Set B indicators and their corresponding metrics 
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Customization and the role of experts 

While FMS provides the option for near real-time transmission of certain data, the required 
frequency of reports will depend on local conditions.  So as well as the nature and content of what 
is recorded being customizable to landscape-specific conditions, the sample rate for certain 
indicators will be context specific and should be set by experts. 

For example, crop yields and soil quality can be used as indicators for land productivity, using a 
combination of farm data and laboratory testing (see Appendix I, p. 46).  The sample rate for both 
crop yields and soil quality will depend in part on the crop cycles, and the collection of key data 
can be adapted to fit these unique schedules.  With the harvest periods of the selected landscapes, 
reports are seen to be published on a quarterly or semi-annual basis.  Faster crop cycles however, 
might allow monthly reports.   

Faster reporting is expected with the landscapes that intercrop.18  Among the targeted ICRAF 
landscapes, Efoulan in Cameroon is a community where intercropping is proposed to intensify 
land use.  Cocoa, with a twice-a-year harvest season taking 4-5 months each19, will be intercropped 
with domesticated fruit trees whose harvest seasons alternate with that of cocoa.   

In the Bac Kan province of Vietnam, ICRAF is proposing to replace the maize mono-cropping 
system with the intercropping of maize crops with timber trees.  The latex-producing jelutong tree 
in the Indonesian landscape will allow quarterly reports at its most frequent because of the tree’s 
four month harvest period.20  In Peru, quarterly to annual reports are expected from the 
intensification of land use by the introduction of timber trees in cocoa, pasture, forest, and fallow 
land. 

FMS provides a tool for data collection, automated reporting and can also be used for “ground-
truthing” of verification. This makes it a highly adaptable data tool that can be used to stitch 
databases together, expand overall coverage directly and measure proxies reliably.  The hub serves 
as a gateway for data in a given landscape, making it is easy to network with other hubs and 
multiple source of data. 

                                                 

18 Intercropping, also known as interplanting, is the method of planting a fast-growing crop in spaces between slow growing crops.  
This is done to maximize space use of garden or farm space.   

19 International Cocoa Organization.  “What Time of the Year is Cocoa Harvested?”.  ICCO.org.  Available at: 
http://www.icco.org/faq/58-cocoa-harvesting/131-what-time-of-year-is-cocoa-harvested.html 

20 Praciak, Andrew.  “Dyera costulta (Miq.) Hook.  f.”.  The CABI Encyclopedia of Forest Trees.  CABI, 2013.  p. 160.  Print.   

http://www.icco.org/faq/58-cocoa-harvesting/131-what-time-of-year-is-cocoa-harvested.html


 

 

 

 

 

© The Munden Project Limited, 2014  18 

By understanding local populations and particular technologies as part of a single data collection 
system, the FMS promotes the efficient allocation of resources over a wide geographic area, while 
continuing to operate in conditions that prohibit regular use of expensive consultants.  The FMS 
enables better management of human resources, ensuring that experts have more time and 
resources to analyze those metrics which only they can properly measure and evaluate. 

We propose that ICRAF adopts FMS, in conjunction with expert and participatory data collection 
methods, to collect all raw environmental, financial and social data, both qualitative and 
quantitative, on its Secured Landscapes project.  Ground surveyors will use FMS units to obtain 
data from the farmers, and the FMS software will crunch these numbers to provide analysis for 
investors. 

While some combination of field-appropriate technology, consultants and local labor will always 
be necessary, the specifics of what information they collect will depend on the needs of the project 
and the local context.  In the next section, we look at a variety of approaches to the selection of 
indicators, to establish those which are most appropriate for the demands of landscape-level, 
sustainability-focused initiatives. 
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3. Developing Suitable Indicators to Evaluate Sustainable Land Use 
Practices 

 

Metrics, Indicators and Verification 

An indicator is a statistical measure that can be used to gauge the sustainability of social, 
environmental and economic development.21  Indicators are quantitative and qualitative measures 
that are selected to assess progress toward or away from a stated goal.22  For example, the 
Millennium Declaration uses the proportion of the world’s people whose income is less than one 
dollar a day as a basic indicator of extreme poverty.23 

Metrics, on the other hand, are measured values used to assess specific indicators.  They defines 
the units and how the indicator is being measured.24  For instance, a metric that can be used to 
measure an indicator of sustainable land use practice, changes in land productivity and quality, is 
crop productivity measured in tonnes/ha.  Ideally, sustainability metrics (for agriculture) should 
rely on data that exist at multiple scales, and that can be remotely sensed as far as possible and 
practical.25 

A United Nations description provides useful guidance on indicator selection: 

Indicators should fulfil the following criteria: 
 They should be relevant; 
 They should be simple and easily understandable; 
 They should be problem oriented; 
 They should be clearly defined; 

                                                 

21 United Nations, 2005.  Handbook of National Accounting: Integrated Environmental and Economic Accounting 2003, Studies in Methods, 
Series F, No.61, Rev.1. http://stats.oecd.org/glossary/detail.asp?ID=6586.  

22 Parris, T.M.  and Kates, R.W.  2003.  Characterizing and Measuring Sustainable Development. Annu. Rev. Environ. Resour. 2003.  
doi: 10.1146/annurev.energy.28.050302.105551 

23Millenium Development Goals Indicators. http://mdgs.un.org/unsd/mdg/host.aspx?Content=indicators/officiallist.htm  

24 Eason, T. (Ed). 2012. A Framework for Sustainability Indicators at EPA. Available at 
http://www.epa.gov/sustainability/docs/framework-for-sustainability-indicators-at-epa.pdf 

 

25 Fisher, J., Boucher, T., Attwood, S., and Kareiva, P. 2013.  How Do We Know an Agricultural System is Sustainable? Available at 
http://www.nature.org/science-in-action/science-features/ag-sustainability-metrics.pdf  

http://stats.oecd.org/glossary/detail.asp?ID=6586
http://mdgs.un.org/unsd/mdg/host.aspx?Content=indicators/officiallist.htm
http://www.epa.gov/sustainability/docs/framework-for-sustainability-indicators-at-epa.pdf
http://www.nature.org/science-in-action/science-features/ag-sustainability-metrics.pdf
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 They should be based on the same statistical units; 
 They should result in conclusions easily communicated to policymakers; 
 In the ideal case, they should react rapidly to changing situations. 26 

Three themes in this description are key to developing robust MRV for the Secured Landscapes 
project.  First, they must be appropriate (relevant, problem oriented, react rapidly to changing 
situations); second, they must not be too complex (simple, clearly defined, easily communicated to 
policy makers); third, they must be comparable (based on the same statistical units and 
methodologies). 

The same source highlights the crucial point of indicators being suitable for reporting at the local 
level, which often will not serve the needs of national and supra-national agencies: 

Priority is often given to indicators that are capable of assisting in the routine monitoring of 
policies. For example, policies addressing rural development for a whole country have to describe 
problems/targets common to all rural areas of that country. Indicators addressing specific 
problems for particular rural areas are less likely to be developed. 

There is a broad spectrum of issues to be assessed within the social, economic and environmental 
fields of rural development. It could be argued that any indicator at the national level could be 
developed for rural areas.27 

In other words, many existing indicators have been developed primarily to support decision-
making and reporting at the national policy level.  They must be adapted to be useful in decision-
making and reporting at the landscape and enterprise levels, which are the focus of this report and 
ICRAF’s work. 

This section of the report attempts to refine and expand on existing indicators of sustainable 
development to suit the purposes of the ICRAF Secured Landscapes project.  It sets out proposed 
metrics for social, environmental, and financial dimensions, through which it should be possible 
to gain a reasonable statistical basis for reporting on the progress and impact of the program. 

 

                                                 

26 Wye Group Handbook: Statistics On Rural Development And Agricultural Household Income.  

27 Ibid.  
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All of the indicators we describe below will need to be verified.  In each case, we will apply a 
stratified sampling method to determine where site audits are going to be conducted.28  The 
verification technique will be based on a stratified sampling technique using PPS (Probability 
Proportional to Size) sampling.29  This is a well-known, statistically proven and cost efficient 
sampling method which will inform a rigorous and reliable way of verifying the results that are 
recorded. 

Characterizing sustainable development 

Many attempts have been made to define “sustainable development”, but no scientific consensus 
has been reached.  Nonetheless, the aim of sustainable development is widely understood in 
normative terms:  

Sustainable development aims at shaping the socio-economic behavior towards nature in ways that 
guarantee the preservation of the life-supporting natural systems for future generations. Sustainable 
development also seeks to achieve some kind of global justice with respect to the distribution of 
natural resources.30 

The key to defining indicators for sustainable development programs is first and foremost a matter 
of understanding the result that a program seeks to achieve in any given context.  In this case the 
intended results are improvements in the social, economic and environmental fabric of rural 
landscapes.   

Figure 1 (overleaf) sums up a conventional approach to defining the concept of sustainable 
development.  It shows the inherent distinction between what advocates and analysts sought to 
sustain and what they sought to develop, the relationship between the two, and the time horizon 
of the future. 

                                                 

28 Where different from the original monitoring techniques, we have included a description of the methods of these audits in 
Appendix I.  The Munden Project has been working with CIFOR and Pöyry to develop a statistical verification system, designed for 
financing sustainable land use. 

29 PPS sampling is when the sampling is carried out in such a way that the probability of being included in the sample is 
proportional to the object’s size.   

30 Haberl, Helmut, Schandl, Heinz. “Indicators of Sustainable Land Use - Concepts for the Analysis of Society Nature Interrelations 
and Implications for Sustainable Development”. 38th Congress of the European Regional Science Association "Europe quo vadis? – Regional 
Questions at the Turn of the Century" 28 August – 1 September 1998, Vienna, Austria. Available at 
http://www.ntpu.edu.tw/library/lib/exam/urb/urb9313d-2.pdf  

http://www.ntpu.edu.tw/library/lib/exam/urb/urb9313d-2.pdf
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While this approach provides an informative point of reference, our view is that the MRV of the 
Secured Landscapes program requires something more comparable and easier to engage with, and 
thus a framework which is based on the more straightforward and well-understood categories of 
financial, environmental and social outcomes. 

Sustainability indicators 

The Compendium of Sustainable Development Indicator Initiatives31 lists over 895 sustainability 
indicator efforts.  These are highly varied, and range from very specific environmental health 
indicators to metrics that focus exclusively on economic sustainability. 

 

                                                 

31 The Compendium of Sustainable Development Indicator Initiatives is a worldwide directory of who is doing what in the field of 
sustainability indicators.  It provides information on initiatives carried out at international, national, provincial/territorial/state, 
regional, sectoral, ecosystem and local/community levels worldwide. 
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Figure 1.  Definitions of Sustainable Development 

Indicator sets in the Compendium range from the highly specialized Global Biodiversity Indicators 
Partnership, which uses carbon stock as an indicator32 of biodiversity and ecosystem services, to the 
European Commission, which uses growth rate of real GDP per capita as a proxy for socio-
economic development.33  In between are blended sets of indicators such as the World Economic 
Forum’s Environmental Sustainability Index.  This broad Index uses metrics of air quality, water 
quantity, water quality, biodiversity, land, basic human sustenance, environmental health, and 
private sector responsiveness.   

The key methodological choices in constructing indicators confront issues of data availability and 
use, spatial and temporal scale, the basis on which indicators are selected, and the way that 
indicators are aggregated.34 

An assessment35 of indicators of different sustainable development efforts concluded that there are 
no indicator sets that are: universally accepted; backed by compelling theory, rigorous data 
collection and analysis; and influential in policy.  Driving factors behind this paucity of offerings 
include the ambiguity of sustainable development, the plurality of purpose in characterizing and 
measuring sustainable development, and the confusion of terminology, data, and methods of 
measurement.   

A major step in reducing such confusion would be the acceptance of distinctions in terminology, 
data, and methods. This would lead to comparable datasets and would provide the basis for 
understanding how to make different MRV efforts more cost-effective, more accurate and provide 
more regular flows of data. 

A second observation is that few of the efforts are explicit about the time period in which 
sustainable development should be considered.36  In most indicator efforts there seems to be a 

                                                 

32 http://www.bipindicators.net/globalindicators 

33 http://epp.eurostat.ec.europa.eu/portal/page/portal/sdi/indicators 

34 Parris, T.M.  and  and Kates, R.W.  2003.  Characterizing and Measuring Sustainable Development.  Annu.  Rev.  Environ.  
Resour.  2003.  28:13.1–13.28.  doi: 10.1146/annurev.energy.28.050302.105551 

35 Parris, T.M.  and  and Kates, R.W.  2003.  Characterizing and Measuring Sustainable Development.  Annu.  Rev.  Environ.  
Resour.  2003.  28:13.1–13.28.  doi: 10.1146/annurev.energy.28.050302.105551 

36 Parris, T.M.  and  and Kates, R.W.  2003.  Characterizing and Measuring Sustainable Development.  Annu.  Rev.  Environ.  
Resour.  2003.  28:13.1–13.28.  doi: 10.1146/annurev.energy.28.050302.105551 

http://www.bipindicators.net/globalindicators
http://epp.eurostat.ec.europa.eu/portal/page/portal/sdi/indicators
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focus on the present or the very short term.  Overall, these diverse indicator efforts reflect the 
ambiguous time horizon of the standard definition —“now and in the future”.  

So, how should we go about defining indicators suitable for monitoring the Secured Landscapes 
project?  We begin by understanding what the program seeks to achieve.  The following extract 
from Norad’s website broadly outlines its intended outcomes (our emphasis): 

The project will contribute to the development and promotion of sustainable multifunctional 
landscapes that are climate smart (reduce emissions and human vulnerability by 
facilitating adaptation to climate change); are eco-efficient (deliver on ecosystem 
services) and development friendly (enhance peoples livelihoods) through action research on 
landscape approaches to emission reductions with sustainable benefits that are done in an 
effective, efficient and equitable manner.37 

Proper indicators must be defined to evaluate the effectiveness of the Secured Landscapes Project 
in achieving these goals, using environmental, financial and social factors to inform the evaluation.  
The rest of this section examines the various indicators that we could use. 

Three dimensions of sustainable land use indicators 

There are three dimensions to sustainable land use of the type pursued by ICRAF – 
environmental, financial and social (see Figure 2 below).  Changes to production practices must 
bring benefits in all three areas if they are to be genuinely sustainable and successful in the long-
term.   

There is a further dimension, relating to 
political or governance issues, that is 
interdependent with these factors and which 
can strongly affect the nature and extent of an 
activity’s impact.  In particular, this can 
influence the distribution of benefits from 
any given activity.  Because the Secured 
Landscapes project seeks to effect positive 
changes at a level involving multiple 

                                                 

37 http://www.norad.no/en/support/climate-and-forest-initiativ-support-scheme/grants-2013-2015/Projects/secured-landscapes-
sustaining-ecosystem-and-carbon-benefits-by-unlocking-reversal-of-emissions-drivers-in-landscapes  

Figure 2. The three dimensions of sustainable land 
use. 

http://www.norad.no/en/support/climate-and-forest-initiativ-support-scheme/grants-2013-2015/Projects/secured-landscapes-sustaining-ecosystem-and-carbon-benefits-by-unlocking-reversal-of-emissions-drivers-in-landscapes
http://www.norad.no/en/support/climate-and-forest-initiativ-support-scheme/grants-2013-2015/Projects/secured-landscapes-sustaining-ecosystem-and-carbon-benefits-by-unlocking-reversal-of-emissions-drivers-in-landscapes
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communities, various levels of authority and local power structures will be involved.   

For the sake of clarity, and because governance issues are typically mediated by social relationships, 
we deal with governance issues as part of the social dimension in the analysis that follows.  
However, where these governance issues clearly extend beyond the boundaries of the landscape, we 
believe they are beyond the scope of MRV efforts for the Secured Landscapes project.   

Financial, environmental and social sustainability are mutually dependent - a good lifestyle 
depends on sustainable financial returns from production, which in turn requires that production 
does not exhaust the natural resources of the local environment.  

Looking at it another way, if a new production practice is more environmentally sustainable than 
current operations, but results in a lower or more distant financial return for farmers, it is unlikely 
to be adopted. 

While it is certainly possible to make a quick buck pursuing production methods that are harmful 
to the environment, at some point they will alter the natural resources of the area under 
cultivation to the point where that production is no longer viable.   

Sustainable land use thus revolves on the relationship between people and nature.  A healthy 
environment for agroforestry is one that can offer the chance of a better livelihood.38  Land use 
activities, like farming and forestry, in turn have their own set of effects on the land and its 
environment.  

The environment is often able to recover from man-made changes, but the recovery might not be 
fast enough to keep up with demands from society: there is a limit on what the land can provide to 
a community in a given time-frame.   

Over-exploitation or unsustainable use of the land will not only hurt the environment, but also the 
people who rely on it.  For this reason it should be easier to incentivize local populations to adopt 
sustainable practices if the benefits of adoption and the risks of environmental degradation can be 
sufficiently explained.  This is especially true if the same data can be used to encourage public 
capital to plug the gap in aid of producing cost-effective public goods. 

                                                 

38 AIRCA. (2013). Transforming rural livelihoods and landscapes: sustainable improvements to incomes, food security and the environment. 
Nicholls, T., Elouafi, I., Borgemeister, C., Campos-Arce, J.J., Hermann, M., Hoogendoorn, J., Keatinge, J.D.H., Kelemu, S., 
Molden, D.J. and Roy, A. 
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This section of the report describes indicators that can be used to measure the three dimensions of 
sustainability, and thus track the effects of adopting sustainable land use practices.  Briefly, these 
are as follows:  

 

 

Environmental 

a. Water Use Efficiency 
b. Annual Changes in Landscape Use 
c. Biodiversity 
d. Change in Carbon Stock 

The environmental indicators will show the impact of land use activity on the targeted landscape’s 
ecosystem (e.g. water, soil, minerals, flora and fauna).  At the local level, this set of indicators will 
be intended to reveal the health of the environment and its capacity to provide the local 
population with a good and sustainable livelihood.  It can also include metrics that have relevance 
to the global environment but are not directly linked to local livelihoods, such as carbon emissions 
and storage. 

Environmental indicators will be measured via direct and indirect metrics.  Models may also be 
used to extrapolate and analyze quantitative data.  Technical knowledge is critical in measuring 
these indicators.  

Financial 

a. Raw Indicators 
i. Income 

ii. Expenses 
iii. Assets 
iv. Debt/Liabilities 

b. Summary Indicators for Investors and Financial Institutions 
i. Profitability 

ii. Liquidity 
iii. Efficiency 
iv. Debt 
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Financial indicators will describe the economic sustainability of land use practices and their ability 
to provide continuous adequate income for the people living in the landscape.  They will also help 
to identify the extent of economic inequality among the local population and between neighboring 
communities, which can be a strong indicator of poor social outcomes.  

Financial data will be collected primarily from the records of the SLU practitioners, and from 
surveys where these records are not kept.  This data will then be used to compute for financial 
metrics that will be used by investors to assess the potential risk and return of deploying capital 
into sustainable land use. 

Social 

a. Accessibility 
b. Employment 
c. Land Ownership  
d. Health 
e. Education 
f. Local Governance 

 
Social indicators will be used to demonstrate how sustainable land use activities influence the 
quality of people’s lives.  Good social conditions tend to coincide with positive financial 
circumstances for the people concerned, meaning that social and financial indicators are often 
closely related. 

Social indicators are difficult to quantify directly, meaning that it is often necessary to use proxies.  
In most cases, the availability and effectiveness of social services such as education and health care 
will be used as indicators of social conditions.  These may also reveal socio-economic inequalities 
related to land and the potential for upward economic mobility. 

Specific indicators and suggested methods for their collection and verification are described in 
detail in Appendix I.  The three categories are summarized below. 

Environmental Indicators 

We have identified several indicators of environmental and ecological integrity and biodiversity 
that are relevant to the Secured Landscapes project.  Traditionally, these indicators have been hard 
to quantify, and this has contributed to their neglect in conventional production models.  
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However, with increasing automation, this is starting to change. The indicators we have selected 
are briefly summarized below.39, 40 

Changes in land productivity and quality 

Land productivity indicates the capability of land to perform specific functions.41  It is defined as: 

The condition and capacity of land, including its soil, climate, topography and biological 
properties, for purpose of production, conservation, and environmental management.42   

Achieving and maintaining good land quality is essential for sustainable agricultural production in 
an economically viable and environmentally safe manner (Devi and Kumar, 2008).  The concept of 
soil and land quality is useful for modelling the effectiveness of agricultural systems, permitting 
objective comparison of practices in different locations and serving as a framework for ecological 
assessment.43 

Direct measurements can be made through laboratory testing to determine the chemical 
composition of the soil.  Indirect measurements can be made through modeling and GIS; in 
particular, hyperspectral imaging can be used to take vegetation indices from unmanned aerial 
vehicles or satellites.  Direct input from farmers will prove helpful in measuring land productivity 
and determining what (if any) chemicals they use on their land, while FMS can use sensors that 
can perform chemical testing of soil quality.  

                                                 

39 Environmental integrity is to be achieved through sound modalities, rules and guidelines for the mechanisms, sound and strong 
principles and rules governing land use, land use change and forestry activities, and a strong compliance regime.” 
(FCCC/KP/CMP/2005/8/Add.1).  http://www.iucnael.org/en/documents/doc_download/292-voigt-the-cdm-between 
sustainability-environmental-integrity-and-economic-efficiency-.html 

40 Ecological Integrity refers to the ability of an ecosystem to support and maintain ecological processes and a diverse community of 
organisms.  Ecological Integrity is measured as the degree to which a diverse community of native organisms is maintained, and is 
used as a proxy for ecological resilience, intended as the capacity of an ecosystem to adapt in the face of stressors, while maintaining 
the functions of interest.  http://www.oceanhealthindex.org/Components/Ecological_Integrity/  

41.  Devi, G.M.G., Kumar, K.S.A., 2008.  Remote Sensing and GIS Application for Land Quality Assessment for Coffee Growing 
Areas of Karnataka.  Journal of the Indian Society of Remote Sensing 36, 89-97.   

42 Dengiz, O.  and Sağlam, M.  2012.  Determination of land productivity index based on parametric approach using GIS 
technique.  Eurasian Journal of Science.  Eurasian Journal of Soil Science 1 (2012) 51 – 57.  Available at 
http://fesss.org/download/arsiv/XS6G84KL.pdf 

43 Dengiz, O.  and Sağlam, M.  2012.  Determination of land productivity index based on parametric approach using GIS 
technique.  Eurasian Journal of Science.  Eurasian Journal of Soil Science 1 (2012) 51 – 57.  Available at 
http://fesss.org/download/arsiv/XS6G84KL.pdf  

http://www.iucnael.org/en/documents/doc_download/292-voigt-the-cdm-between
http://www.oceanhealthindex.org/Components/Ecological_Integrity/
http://fesss.org/download/arsiv/XS6G84KL.pdf
http://fesss.org/download/arsiv/XS6G84KL.pdf
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Water Use Efficiency44 

Water use efficiency refers to production per unit of blue water withdrawn, with units such as 
kg/ha/mm or kg/m3 or US$/m3.  This can then be indexed to overall water availability. Inefficient 
water use can lead to the depletion of aquifers, which will eventually affect crop productivity if 
water sources are not naturally replenished as fast as they are being used, and will also undermine 
the wider biosphere45. 

Highly efficient use also safeguards the availability of water for farmers in different cropping 
seasons.  Decreasing water supply affects storage and availability of green water (soil moisture), 
which in turn reduces terrestrial ecosystems capacity to provide biomass and regulating services – 
such as carbon sequestration – as well as potentially damaging biodiversity. 
 
Ideally, this indicator would be measured using producers’ records on how much water they 
withdraw for cultivation.  However, since it is unlikely that exact water volumes are measured, 
proxies will be used.  Flow meters can be employed to calculate the volume of water passing 
through irrigation pipes where available.  Another (less reliable) method would be to count the 
number of pails used by a farm and then measure the volume of the pails. 

Annual changes in landscape use 

Tracking major changes in land use in terms of the amount and typology of vegetation growing is 
an important indicator of biodiversity.  As discussed below, biodiversity in turn can be an 
important indicator of the landscape’s ability to withstand climate change, and thus its ability to 
support livelihoods in the long term. 

Significant changes in forested areas can also impact the productivity of the landscape, particularly 
when they affect the ecosystem services derived from the forest.  A change in forest area could 
mean that the land under cultivation has increased, and with it the productivity of the landscape, 

                                                 

44 Sadras, V., Grassini, P.  and Steduto, P.  n.d.  Status of water use efficiency of main crops.  Available at 
http://www.fao.org/fileadmin/templates/solaw/files/thematic_reports/TR_07_web.pdf  

45 It is also possible to measure some metrics of water quality at reasonable cost using remote sensing and off-the-shelf sensors and 
testing kits.  However, while we recognise that water quality can be an important indicator of environmental wellbeing, we don’t 
think that it is necessary for the Secured Landscapes project.  Very few of communities or operations involved will have direct and 
major influence over local water quality, either positively or negatively.  And information on access to potable water is a social 
indicator for which information is already relatively abundant.  It is nevertheless possible to include certain metrics of water quality 
if local conditions suggest it may be a crucial indicator. 

http://www.fao.org/fileadmin/templates/solaw/files/thematic_reports/TR_07_web.pdf
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however the benefits of cultivating the land may not outweigh the benefits derived from the forest 
ecosystem. 

The key issue with this indicator is that the damage or benefit of land use change is highly context-
specific – in some cases the needs of people will be met by overall changes in land use but this may 
be at the cost of the environment, while in others the situation may be reversed.  It is thus 
important to have an overall sense of the changes, to identify correlations with changes in other 
indicators. 

This indicator will be measured first by identifying land use types at the initial point of 
monitoring.  Field surveys and remote sensing46 are then used to compare the change in coverage 
of areas over time.  

Biodiversity47 

High biodiversity is a desirable end in itself, but it also serves as an indicator of climate-resilient 
landscapes that are capable of delivering a suite of valuable and socially important ecosystem 
services.  Species richness will be measured by counting the different species present in the 
landscape.  Field inventory and surveys using the FMS will be used for recording.   

Technical knowledge in identifying species is critical for this indicator, but it should be possible to 
reduce the cost of monitoring through automation (for example by using camera traps) that can be 
relayed for analysis without recourse to sending experts out into the field.  It is also important to 
acknowledge that people who live in a particular landscape often already possess “technical” 
knowledge of their local ecosystems, including an in-depth understanding of different species 
types.   

The key to developing this resource lies in enhancing local capacity in measuring and verification, 
to align this technical knowledge with internationally-recognized standards.  For example, in 
working with local populations in developing surveying and field inventory tools, community-
based monitoring and evaluation can take advantage of the strengths of both indigenous and 
external knowledge. 

                                                 

46 The use of hyperspectral imaging in remote sensing – either from Unmanned Aerial Vehicles or satellites – offers the potential to 
record more subtle changes in landscape uses than commonly used methods, by giving the ability to measure the refraction levels of 
different stages and types of plant growth. 

47 Species richness is the number of different species represented in an ecological community, landscape or region. 
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Change in carbon stock 

Carbon stock refers to the amount of carbon stored in any system which has the capacity to release 
it.  For example, a forest’s carbon stock is stored primarily in its trees; it is considered to have 
released carbon if the wood in its trees is harvested and burned. 
 
If the carbon stock of a system rises over time (i.e. the amount of vegetation increases), this implies 
that the land use practice is sustainable and not destructive; loss of vegetation cover, on the other 
hand, causes carbon emissions.  Metrics for carbon stock, although by no means a straightforward 
science, have been comparatively well researched, as have methods for involving local populations 
in monitoring alongside management of community agroforestry projects.48 
 
Carbon stock is calculated by measuring the amount of biomass in an area.  In this case, it will be 
measured by the ton.  Field inventories, allometric equations49, and remote sensing are the primary 
methods of measuring carbon stock. 

Financial Indicators 

Financial accounting is at the heart of monitoring commercial performance, and there are well-
established international processes and standards for reporting accounts that apply to large and 
medium sized businesses in most countries50.  Moving down the scale to smaller enterprises, 
financial reporting is not so rigorously regulated, although the practice of recording income and 
expenditure is fairly consistent across all kinds of business. 

The indicators of income and expenditure are by their nature quantitative, which makes it simpler 
to analyze results and measure progress than may be the case for environmental and social 
indicators.  In theory at least, financial indicators should be the easiest to quantify among the three 
indicators in this section.   

                                                 

48 Murdiyaso D and Skutsch M (Eds).  2006.  Community forest management as a carbon mitigation option: Case studies.  Bogor, 
Indonesia: Center for International Forestry Research (CIFOR), 2006. 

49 Basuki, T.M., Van Laake P.E., Skidmore, A.K., Y.A. Hussin. “Allometric equations for estimating the above-ground biomass in 
tropical lowland Dipterocarp forests”. Forest Ecology and Management. 257 (2009). 1684–1694. Print. 

50 The International Financial Reporting Standards set a common framework for company accounting that is mandatory in 
developed economies and is gradually being adopted throughout the world. To assess progress toward that goal, the IASB is 
developing and posting profiles about the use of IFRS in individual jurisdictions, reports on which can be seen here: 
http://www.ifrs.org/Use-around-the-world/Pages/Jurisdiction-profiles.aspx  

http://www.ifrs.org/Use-around-the-world/Pages/Jurisdiction-profiles.aspx
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However, measuring financial performance in the context of smallholder agroforestry practices 
presents certain formidable challenges.  As evidenced by our exercise in creating financial models 
for ICRAF’s Efoulan, Tanjabar and Bac Kan projects, the rural communities targeted by the 
Secured Landscapes Project usually have little or no understanding of financial reporting.51   

In many cases produce is harvested for personal consumption, and consequently has no practical 
sale value.  In such instances there is no market price, and thus no reference point for calculating 
income.  Similarly, cost of labor is a major component of most businesses’ expenditure, but in our 
case studies few or none of the farmers interviewed had a concrete idea of the monetary value of 
the work that goes into producing their crops.   

It is in this context that we propose two sets of indicators for financial MRV.  Group A was 
developed to collect raw data from the communities by primarily using the FMS.  Group B 
indicators will be extrapolated from calculations using the data collected in Group A.  The 
indicators for Group B are aimed at investors who would want to gauge an enterprise’s financial 
health and stability, and for public donors who want to know when they can reduce their 
commitment responsibility.  It is expected that these indicators would encourage investments in 
this project.   

Group A: Raw Indicators 

These are a common, minimum set of financial data, which can be gathered directly, based on the 
practical abilities of the farmers to record such metrics.  Information like crop production volume 
and sales price are usually roughly known by farmers, although our research has shown that many 
are not able to put precise monetary value on their products.  

Technical assistance and training for farmers to keep record of input costs and income would 
benefit communities over time.  This is because it facilitates improved financial and operational 
decisions that can lead to improved farm productivity, as well as providing evidence to support 
credit extension by commercial lenders. 

                                                 

51 The Munden Project, Secured Landscape: Financial modeling for sustainable land use, November 2014. 
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Data will be collected by ground surveyors using FMS units.  They will collect quantitative data 
that can be easily reported and analyzed by the FMS.  It is recommended that data collection and 
questions be in the vernacular of the farmers.52 

In cases when farmers are not able to put monetary value on a certain metric, proxies must be 
used.  For example, a simple proxy to indicate fertilizer efficiency could be the number of bags 
used in a growing season.  From there, it is possible to extrapolate the cost of fertilizer using 
prevailing market prices, and create a ratio of fertilizer cost per unit of harvested produce. 

Group B: Summary Indicators for Investors and Financial Institutions 

Group B metrics are calculated using the Group A data; these indicators are primarily geared 
towards providing investors with data on the financial situation of the farmers, their operations 
and the community at large.  The intention is to replicate the kinds of metrics that are familiar to 
investors as the basis for making lending decisions.   
 
It is expected that financial transparency will encourage additional investment into the sustainable 
land use practices in the targeted landscapes.  It is also seen as a way for lenders to gauge the 
capability of a farmer to pay back debt.  This is important for farmers who lack access to credit 
because potential lenders have very little idea about their ability to pay a loan. 

Group B indicators have been chosen based on their computability from the data collected in 
Group A53: 

Indicator Profitability Liquidity Efficiency Debt 

Metrics ROA Profit Margin 
Current 

Ratio 

Asset 
Turnover 

Ratio 

Debt-to-
Equity Ratio 

Monitoring Data collected from Set A indicators will be computed by the FMS 

                                                 

52 Meanwhile, FMS software will do the legwork of ensuring that all the data is added to the system in a common language or range 
of values. 

53 Glakas, Sara.  “15 Financial Ratios Every Investor Should Use”.  Investinganswers.com.  Available at: 
http://www.investinganswers.com/education/ratio-analysis/15-financial-ratios-every-investor-should-use-3011 

http://www.investinganswers.com/education/ratio-analysis/15-financial-ratios-every-investor-should-use-3011
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Costs of 
Monitoring 

FMS Operation Cost 

Verification Compare with baseline records taken before land use intervention 

Verification 
Support 

FMS data collection, FMS data storage 

Table 2.  Group A indicators. 

Return on Assets (ROA) 

This is a profitability ratio that demonstrates how efficiently a farm or community uses its assets in 
earning income.  A higher ROA will show farm or community which is more efficient in earning 
money given the assets that they have.  A lower ROA shows that an enterprise is less efficient when 
it comes to using their assets.  ROA is calculated as follows:                       

𝑅𝑂𝐴 =
𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 

Profit Margin 

Profit margin is a profitability ratio that shows how much the owners earn from their activities.  A 
higher profit margin shows a more profitable enterprise that is able to minimize costs.  The 
equation for finding profit margin is: 

𝑃𝑟𝑜𝑓𝑖𝑡 𝑀𝑎𝑟𝑔𝑖𝑛 =
𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒

𝑆𝑎𝑙𝑒𝑠
 

Current Ratio 

Current ratio is a liquidity54 ratio that measures the ability to pay short-term liabilities.  A higher 
value shows that a farmer is more capable of paying debts through the sale of current assets owned.  
Current ratios are the ratio of total of current assets to total current liabilities: 

                                                 

54 Liquidity is the degree to which an asset can be sold without affecting the asset’s price.  A more liquid asset can be turned into its 
current value in the form of money.  For example, if farmers may sell land or equipment in order to pay off debt or other personal 
expenses, the sale of the more liquid asset will provide the farmer with money whose value is close to that of the asset’s actual value. 
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𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑅𝑎𝑡𝑖𝑜 =
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴𝑠𝑠𝑒𝑡𝑠

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
 

Asset Turnover Ratio 

This is an efficiency ratio that shows how well the assets are being used to generate sales.  This is 
similar to ROA, but Asset Turnover Ratio deals with an enterprise’s sales or revenue.  A higher 
value shows an enterprise which is more efficient in using its assets in generating and selling its 
product.  The asset turnover ratio is found by dividing the total volume of sales by the total value 
of assets: 

𝐴𝑠𝑠𝑒𝑡 𝑇𝑢𝑟𝑛𝑜𝑣𝑒𝑟 𝑅𝑎𝑡𝑖𝑜 =
𝑆𝑎𝑙𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 

Debt-to-Equity Ratio 

This ratio shows the relationship between the amount of capital borrowed (debt/liabilities) and 
the amount of equity. Equity is defined as the value of assets owned after subtraction of the value 
of all liabilities:  
 

𝑇𝑜𝑡𝑎𝑙 𝐸𝑞𝑢𝑖𝑡𝑦 = 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠 − 𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠 

The ratio of debt to equity is then calculated by dividing the value of all liabilities (or debts) by the 
total amount of equity: 

𝐷𝑒𝑏𝑡 − 𝑡𝑜 − 𝐸𝑞𝑢𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜 =
𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝐸𝑞𝑢𝑖𝑡𝑦
 

A higher ratio shows the enterprise has been financing much of its growth by debt borrowing. This 
can be beneficial for investors if the enterprise earns more than the cost of financing (interest on 
the debt). But if the earnings are less than the interest being paid, the enterprise can become 
unstable and go bankrupt.55  

Social Indicators 

Social indicators describe the state of human welfare, and give us an idea of human interactions on 
a general scale.  Most literature on social indicators developed were made to measure the 

                                                 

55 Investopedia. “Debt/Equity Ratio Definition”.  Available at http://www.investopedia.com/terms/d/debtequityratio.asp  

http://www.investopedia.com/terms/d/debtequityratio.asp
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effectiveness of welfare programs.56  Consequently, most of the recognized social indicators for land 
use planning have been developed with urban populations in mind. 

Social indicators for land use planning in rural situations have been the subject of more rigorous 
development in the context of the United Nations’ effort to Reduce Emissions from Deforestation 
and forest Degradation (REDD+).57   

It is important to measure social indicators in sustainable land use planning interventions because 
they show the intervention’s effect on the community’s welfare.  In a review of social indicators for 
land use planning in British Columbia, Canada, the authors concluded that: 

The greatest challenge in assessing the social impacts of land use planning is the ability to 
attribute observed social changes to the intervention of land use planning.  Given that there 
are many factors that influence social conditions in a given plan area, the ability to 
confidently link social change to land use planning is limited.58 

Another difficulty is that most links between social change and land use planning cannot be 
isolated.  The impacts of land use intervention on a society cannot be taken in isolation; there are 
a number of factors at work which must be accounted for. 

Broader changes in taxation or other forms of regulation, for example, form part of 
macroeconomic factors which can have major effects on whole sections of a society. Similarly, 
cultural changes such as intergenerational change in which languages spoken or religious practices 
observed can have profound effects on the social fabric of a community. 

The indicators below were specifically developed to account for the multi-faceted nature of social 
indicators for land use interventions.  Several metrics constitute most of the indicators.59  
Monitoring and verification relies heavily on statistics, surveys, and interviews. 

                                                 

56 For example, the Taiwanese statistical bureau notes that social statistics are inherently connected with welfare. National Statistics 
Republic of China (Taiwan).  “What are social indicators? How is relevant data queried?”. Available at 
http://eng.stat.gov.tw/ct.asp?xItem=31030&ctNode=5718&mp=5  

57 REDD+ Social & Environmental Standards Version 2 10th September 2012 http://www.redd-
standards.org/files/REDDSES_Version_2/REDDSES_Version_2_-_10_September_2012.pdf  

58 Mawford, Shawn, Benchmark Consulting.  A Review of Social Indicators for Land Use Planning in British Columbia.  August 
2007. 

59 There are typical and useful indicators of the social wellbeing of communities which are cross-cutting, and these are access to 
basic services such as electricity, communications infrastructure, clean water and sanitation, and health and education services.  We 
deal with each of these separately, although electricity metrics can be derived directly from FMS data; similarly clean water and 

http://eng.stat.gov.tw/ct.asp?xItem=31030&ctNode=5718&mp=5
http://www.redd-standards.org/files/REDDSES_Version_2/REDDSES_Version_2_-_10_September_2012.pdf
http://www.redd-standards.org/files/REDDSES_Version_2/REDDSES_Version_2_-_10_September_2012.pdf
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Local Governance 

The ways in which local power and authority networks are structured have strong effects on 
commerce, social relationships and relationships with the local environment.  They can therefore 
have strong effects on all other project outcomes, as well as on the ability of local people to 
implement sustainable land use changes, and the impacts those changes have. 

We will measure this by mapping out local authority networks and resource distribution, to 
provide a sense of how local changes are governed, and affected by changes in governance patterns. 

This indicator can be, by its very nature, elusive, as people may not feel comfortable talking about 
local authority figures, and there may be incentives to misrepresent power structures and resource 
flows.  These risks can be mitigated with confidential interviews and surveys, and corroborated as 
part of a broader survey strategy. Verification can be provided by concomitant mapping of resource 
flows and independent accounting of funds and activities. 

Accessibility 

This is a measure of the ease of physical access into a certain community, although the ‘virtual’ 
accessibility provided by communications networks is similarly important as a social indicator.  
More accessible communities make it easier to provide basic services like health, education, energy 
and communications in the community, and also allow for easier monitoring in the area.  

This will be measured by counting all paved and unpaved roads leading into a community; 
waterways that allow the passage of boats will also be counted.  GIS and maps will be used, and the 
number transit routes that pass through or end in the community will also be counted by referring 
to maps and information from nearby transit stations. 

The extent and nature of communications networks can strongly affect the ability of an enterprise 
to do business, as well as the ability of entire communities to access essential services and maintain 
social and business relations with wider communities at the regional and landscape level. It also 
serves as a good proxy measure and verifier of how well social services like health and education 
are able to interact with regional and national support, and thus of the quality of those services.  

                                                 

sanitation are not currently given their own metrics, although we do recognize their importance and believe it should be possible to 
add metrics to these surveys on health and local infrastructure. 
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Indeed communications relies on access to some kind of electricity.  Another reason to include 
access to electricity as a metric is that it is a proxy for living standards. 

Accessibility of energy and communications networks can be measured directly by the FMS – 
indeed the method by which data is transmitted forms part of the data itself, and can be verified by 
additional sensors and survey questions as needed. 
 
Employment 
 

Employment is a form of socio-economic security because it guarantees income for person or a 
family.  Unemployment is undesirable because it can contribute to health and social problems.60 

Measuring absolute levels of employment, and quality of employment (e.g. part-time or full-time, 
wage rates) in the context of sustainable land use indicates the socio-economic reach of the 
intervention.  This will show how land use is related to employment in the community. 

Measurement will be done through surveys, government, and NGO statistics.  Analysis will also be 
done using statistical methods. 
 

Land Ownership 

The land owners and users are major stakeholders in the sustainable land use.  Measuring 
community land ownership can help show how many people will be directly affected by the new 
production practices.  This indicator also shows the haves and the have-nots of the community, 
and suggests levels of inequality.  Countries with a more egalitarian distribution of land ownership 
have been found to have greater economic growth and better social conditions.61 

At the same time, information about how many land claims are in an area, whether those claims 
are made by individuals, smaller family units or larger communities, and whether those land rights 
are overlapping or recognized, is very important.  This information will also indicate how 
vulnerable a population is to conflict or loss of land and therefore livelihoods.  For example, 

                                                 

60 SSPSI. “The Psychological Consequences of Unemployment.” Available at 
http://www.spssi.org/index.cfm?fuseaction=page.viewpage&pageid=1457  

61 European Parliament Directorate-General for External Policies. (2011). “An Assessment of the Effect of Land Ownership and 
Land Grab on Development-With a Particular Focus on Small Holdings and Rural Areas”. Brussels: European Parliament. 
Available at http://www.ecologic.eu/sites/files/project/2013/lot5_13_land_grabbing_en.pdf  

http://www.spssi.org/index.cfm?fuseaction=page.viewpage&pageid=1457
http://www.ecologic.eu/sites/files/project/2013/lot5_13_land_grabbing_en.pdf
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people who lack formal title to the land they work are more likely to have their use of land and 
resources challenged by outsiders. 

Government data such as land registrations or land titles will be used to measure land ownership.  
In addition, surveys will collect the necessary data, taking into account traditional and overlapping 
land tenure claims.  Statistical methods based on stratified sampling techniques (similar to those 
used for verification) will also be applied to determine the distribution of land among 
communities. 
 

Health 

Sustainable land use must also contribute to the health of the population, which is a key factor in 
quality of life.  Indicators will be used to determine how effective the intervention is in improving 
community health.  Low rates of illness and disability contribute to productivity.  They also 
indicate a healthy environment, given negative impacts on health of factors such as poor water 
quality (which can also impact crop health) and nutrition (which indicates poor harvests and 
limited diversity of diet). 

As well as measures of proxies for health, such as the availability of or proximity to care facilities, 
or the number of health workers in an area, direct indicators of health such as infant mortality and 
life expectancy will be incorporated through a combination of surveying and integration of existing 
data sources. 

Incidences of malnutrition, water-borne sicknesses, infant mortality and distances to care facilities 
will be measured.  Raw data will be sourced from government and NGO records, along with 
surveys.  GIS and remote sensing will also be used for identifying the proximity of healthcare 
services.  In addition we will use extant data in combination with surveys to establish access to 
clean water and sanitation. 
 
Education 
 

Education is an avenue for upward economic mobility and skills adoption.  It will measure the 
effectiveness of land use practices in providing adequate income to send children to school.  For 
communities who are dependent on the land, their land use practices can have a considerable 
effect on residents’ ability to school their children.   

This is not only because schooling is expensive: children often provide labor that is necessarily not 
available when they are at school.  Education is also strongly correlated with civic and social 
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engagement, meaning an educated person is more likely to participate in matters regarding the 
community than someone who is not.62 

Education indicators will incorporate government and NGO data for school statistics.  School 
attendance and correlation of number of children in school with land owned will be used to 
quantify education rates.  The accessibility of schools will be sourced using GIS and maps, and 
verified against the government and NGO data.63 

Actors involved in data collection 

The MRV system for the Secured Landscape project will involve the collection of data for the 
identified indicators through: (i) direct data input by farmers and land users themselves using 
deployed FMS devices; (ii) surveys facilitated by ICRAF local offices or third parties designated by 
ICRAF; (iii) secondary data provided by NGOs and government sources consolidated at the 
landscape level; and (iv) data gathered through remote sensing and GIS mapping technology.  

Developing the sensors and surveys for data collection will be done by TMP, ICRAF Central 
Office, and trusted experts of ICRAF's choice.  Additional costs will be incurred should ICRAF 
choose to hire consultants for this development.  These sensors and surveys will be inputted into 
the FMS.   

A large proportion of data collection cost will be used to operate and maintain the FMS.  This 
includes the costs for the team who will operate the handheld devices and install the sensors 
connected to the FMS in the targeted landscape.  The team may be from the TMP, the ICRAF 
local office, or be composed of third party surveyors.  But it is very likely that the local population 
will be tapped to operate the devices: this will incur additional up-front-costs for building technical 
capacity but will reduce the operating cost of FMS. 

  

                                                 

62 Campbell, David E. “What is education’s impact on civic and social engagement?” Available at: 
http://www.oecd.org/edu/innovation-education/37425694.pdf  

63 The verification of education and health indicators share common challenges.  Recording, for example, how many in a given 
population can read or write, or how many school days per child, is relatively easy to do with survey questions that can be added 
easily to surveys we have.  However, verifying these results with school attendance records may not be straightforward and will 
increase survey costs. 

http://www.oecd.org/edu/innovation-education/37425694.pdf
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4. Conclusions 
 

There is no real consensus on the best way to monitor, measure, verify and evaluate the impact of 
rural land use projects.  But much work has already been done by international development 
practitioners and agencies to establish which indicator are useful.   

In fact, there is now a bewildering array of ways to measure progress towards the particular goals of 
ICRAF’s Secured Landscapes program, in terms of both what to measure and how to measure it.  
Below we cut through this confusion by providing a relatively straightforward and easily 
understood indicators.  In concert we outline a plan to develop the infrastructure required to 
measure, report and verify the metrics. 

Overall this system is designed to allow ICRAF to allocate its scarce human resources more 
efficiently and ultimately at a larger scale. As such, further development of these proposal should 
be pursued in close collaboration with ICRAF’s experts, who can provide technical advice as well 
as feedback from the eventual users of this data. 

Indicators for Secured Landscapes 

MRV of progress towards ICRAF’s goals must include indicators of environmental, financial and 
social sustainability.  To recap, these are: 

 Environmental 
a. Water Use Efficiency 
b. Annual Changes in Landscape Use 
c. Biodiversity 
d. Change in Carbon Stock 

 Financial 
a. Raw Indicators 

v. Income 
vi. Expenses 

vii. Assets 
viii. Debt/Liabilities 
b. Summary Indicators for Investors and Financial Institutions 

v. Profitability 
vi. Liquidity 

vii. Efficiency 
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viii. Debt 
 Social 

a. Accessibility 
b. Employment 
c. Land Ownership  
d. Health 
e. Education 
f. Local Governance 

 

Implementing FMS 

Our primary operational recommendation is that ICRAF adopt a robust, scalable and repeatable 
MRV system for its Secured Landscapes Project.  The Field Monitoring System described in 
Section 4 of this paper is being developed to address the problems faced by both ICRAF and the 
rural enterprises it seeks to support. 

Specifically, FMS provides the standardized and verified information that investors and rural 
communities require.  By automating the measurements which do not require human input, the 
FMS allows precious financial and human resources to be directed where they are most needed.  
This automation and ability to remotely sense and monitor changes at the landscape level provide 
a consistency and continuity of data which represents a real advantage over existing methods of 
data collection. 

FMS is flexible and scalable by design.  It aims to facilitate efficient and cost-effective MRV by 
combining locally appropriate communications and data transfer technologies, and remote 
statistical software and analysis, with local expertise and data collection capacity.  The data 
transmission system uses hardware that can be readily adapted to local circumstances. 

Furthermore, the vast majority of the technology that is required for FMS is proven, pre-existing 
(i.e. available “off-the-shelf”), and only requires smart integration and systems design.  This 
integration will also provide a software platform which can flag anomalies in data which need to be 
verified, or problems at ground level that require project-level attention, as well as the remote 
analysis of results using data aggregation and algorithmic programs. 

FMS can be implemented at different spatial and temporal scales, according to local need and 
circumstance.  Spatially, data hubs can link together to provide adjustable coverage, from village to 
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valley level, and can therefore provide highly localized information but also link together with 
landscape-level measurements. 

The system is highly adaptable to different volumes and frequencies of data flow, from near real-
time flows of information to periodic reports at intervals such as monthly or quarterly.  As such, it 
can easily be customized to communications networks, the (human) capacity for non-automated 
monitoring, and the requirements of particular landscape uses or crop types. 

Field-testing the FMS: actors and timelines 

The Munden Project aims to field-test FMS equipment and software on the ground over the next 
9-12 months.  There are four elements to this testing, with different actors involved at each stage: 

1. Development of the required sensors and surveys, and integration of these with 
transmission, storage and analysis hardware and software.  This requires The Munden 
Project staff, ICRAF central office, and trusted experts selected by ICRAF.  
Combinations of these actors will have a key role in delivering training on using FMS 
software and hardware; however, the provision of the training may require particular 
technical expertise, and this could be best provided, in some locations by specialist third 
party training / education organizations. 

2. Baseline data collection.  This will primarily require The Munden Project staff, ICRAF 
local offices, and some third party experts in MRV.  Third parties such as local NGOs 
and government officials will also be extremely important in sourcing preexisting data 
sources where available. 

3. Ongoing operation of data collection.  The most important actors for ongoing data 
collection are those directly involved in implementing Secured Landscape initiatives – 
the farmers (including laborers and land owners) and other land users first and foremost.  
ICRAF local office staff will also likely have a key role. 

4. Data management.  The ongoing handling of the data will largely be managed by local 
offices and the ICRAF central office – the intention is that FMS provides a platform 
which can be managed by the users as they see fit, and without requiring input from The 
Munden Project (although this will, of course, be available if necessary). 

5. For verification, local offices are best placed to coordinate the necessary use of surveyors 
and interrogation of sensors. 
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5. Appendix I: Developing Measurable and Verifiable Indicators for 
Evaluating Sustainable Land Use Practices 

 

1. Environmental 

Indicator Metrics Monitoring Verification Cost drivers 

Change in Carbon 

Stock 

Tonnes of biomass/ha Field inventory.  

Use allometric 

equations to 

calculate carbon 

stocks.  Use remote 

sensing 

Verification can be 

done either through 

field inventory and 

use of allometric 

equations by third 

party verification, 

or by remote 

sensing-data 

Field labor cost.  

Use of remote 

sensors 

Tonnes of biomass/ 

vegetation type 
 

Annual change in 

forest area and land 

under cultivation 

Change in forest area 

per year (ha and 

percentage) 

 

Field inventory, 

remote sensing 

Change in area 

compared to 

baseline.  

Verification can be 

done through field 

inventory and 

remote sensing 

Field labor cost, 

cost of remote 

sensors 

Water use 

Efficiency 

 

 

 

Production per unit 

water used (kg grain/ha 

per mm or kg/m3) 

Farmers’ data 
Compare baseline 

data  

Costs of farmers 

doing recording 
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Indicator Metrics Monitoring Verification Costs drivers 

Changes in land 

productivity and 

quality 

Crop Productivity 

(tonnes/ha)64 Farm data.  Direct 

evaluations (field, 

lab, greenhouses) 

and Indirect 

(models of varying 

complexity to 

estimate land).  GIS 

to monitor land 

quality through soil 

and climate 

variables 

Use farm data, 

laboratory analysis 

and experiments, 

and computer 

models 

Cost of laboratory 

analysis, cost of 

farms collecting 

data 

Factors determining 

land productivity:  

Moisture, Drainage, Soil 

Depth, Texture/ 

Structure, Base 

Saturation, Soluble Salt 

Concentration, Organic 

Matter, Mineral 

Exchange Capacity, 

Mineral Reserve 

Field sensors, 

remote sensing 

Amount of 

fertilizers/  

pesticides used per 

unit of cropped 

land 

Fertilizer/pesticide 

consumption (kg per 

hectare of arable land) 

Farmers’ data 

Farmers’ data, 

agricultural input 

traders records 

Capturing  

Species Richness 
Number of different 

types of crops/trees 

Field monitoring 

using sampling 

method 

Field inventory and 

compare to baseline 

data 

Field inventory  

 

 

2. Social 

Indicator Metrics Monitoring Verification Cost drivers 

                                                 

64 Farm-level indicators are recorded in a number of different mediums, ranging from paper and pen notebooks to excel 
spreadsheets.  Notebooks are most commonly used, though researchers noted that it is often a notebook different from the one 
commonly supplied by the cooperative or certifying organization.   
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Local Governance 

Change in 
connections of 
authority and 
distribution of 
local funding 

Mapping authority 
networks and 
resource flows  

Confidential interviews and 
surveys, tracking of funding 
flows 

Cost of mapping 
exercises 

Accessibility 

Number of paved 
and unpaved 
roads. Number of 
waterways 
accessible by boat. 

Available maps, 
Google Maps, Open 
Street Maps, remote 
sensing, GIS, UAVs 

Interview or survey residents 
about common routes they 
use 

Internet 
connectivity, UAV 
operations 

Number of regular 
transit routes 
through the 
community 

Transit route info 
from nearby 
terminals 

Internet 
connectivity, 
Visiting 
transportation 
terminals for 
route info (if 
necessary) 

Access to 
electricity 

FMS status, 
household surveys 

Field surveys Surveying costs 

Employment 

Change in 
unemployed 
population 
percentage Government 

Statistics, NGO 
statistics, surveys 

Surveys, interviews, focus 
group discussions with 
residents regarding their 
employment conditions 

Cost of surveys/ 
interviews/ 
discussions. Cost 
of obtaining 
statistics (if 
necessary) 

Change in unused 
land vs 
unemployed 
adults 
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Variation in 
employment by 
season 

 

Land Ownership 

Ratio of land 
owners vs those 
without land. 

 
Government data 
(land registrations 
and titles), asset 
declarations, surveys 
(needed if owners 
do not have official 
titles but lay claim 
to the land) 

Statistical sampling / site 
audits 

Transaction costs 
in obtaining, 
converting and 
standardizing 
government data 
and 

Distribution of 
land size among 
owners 

Correlation of 
hectares of land 
owned to income 

Number of land 
claims vs number 
of official land 
titles 

Health 

Community 
fertilizer and 
insecticide 
(kg/month) use 
vs.  incidences of 
water-borne 
sicknesses 

Sales of fertilizer or 
insecticide from 
local sellers, health 
data (government or 
NGO) 

Statistical sampling 

 

Hectares of 

unused land vs 

incidences of 

malnutrition Government and/or 

NGO data (health, 

land), aerial 

surveys 

Statistical sampling of third 

party data sets 

Transaction costs 

in accessing third 

party data, cost of 

aerial surveying 

Distance of 

nearest health 

centers or 

hospitals to the 

community 
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Access to clean 

water 

Field surveys, field 

water testing kits 

Statistical sampling of 

survey and test results 

Costs of 

surveying and 

testing kits 

Access to 

sanitation 
Field surveys Surveying costs 

 

Indicator Metrics Monitoring Verification Cost drivers 

Education 

Correlation of 

owned land and 

percentage of a 

family’s children 

in school 

 

Government data 

(census, 

registered land, 

school records) 

School registry, survey with 

family.  Land use efficiency if 

more students can be sent 

given same land 

Cost of surveys, 

discussions, and 

interviews 

Harvest rates and 

percentage of 

community’s 

children in 

school: children 

sent to school per 

kilogram of crops 

harvested 

 

Government 

(farms, schools) 

or NGO data 

School registry and reported 

harvest.  Did a larger harvest 

send more children to school? 

Possible costs of 

obtaining data 

from government 

agencies or 

NGOs (travel, 

food, etc.) 

Days absent from 

class to work the 

field.   

 

School 

attendance 

records 

Survey with schools and 

families.  Find change in 

school attendance with change 

in land use practices 

Cost of surveys, 

discussions, and 

interviews 
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Number of 

school-age 

children that work 

the land 

Surveys, School 

Records 

Surveys with schools and 

families 
Cost of Surveys 

Distance of 

schools nearest to 

the community 

Maps, GIS 

Focus group discussions to ask 

residents about schooling 

options 

Possible costs of 

obtaining maps, 

GIS 

 

 

 

 

 

 

 

3. Financial 

Indicator Metrics Monitoring 
Monitoring 

Costs 
Verification 

Support for 

Verification 

Income 

Total Crop Sales 

Farmers records 

through the FMS 

Ground 

surveyors, FMS 

operational costs 

Comparison with 

baseline figures 

(records taken 

before land use 

intervention) 

FMS data storage 

Total Crop Yield Sold 

Other Income 

(remittances, 

supplementary activities, 

etc.) 

Crop price per unit weight 

(g, kg, tonnes) 

Expenses Total Cost of Production FMS data storage 



 

 

 

 

 

© The Munden Project Limited, 2014  50 

Total Crop Production 

Farmers records 

through the FMS 

Ground 

surveyors, FMS 

operational costs 

Comparison with 

baseline figures 

(records taken 

before land use 

intervention) 

Equipment Costs65 

Land Costs66 

Pesticide Costs 

Processing Costs67 

Labor Costs68 

Seedling Cost 

Fertilizer Costs 

Water Costs 

Energy Costs69 

Transport Costs70 

 

 

Indicator Metrics Monitoring 
Monitoring 

Costs 
Verification 

Support for 

Verification 

Assets Asset value71 

                                                 

65 Maintenance costs. Also includes equipment rental, lease, and amortization. 

66 Land rental, lease, amortization 

67 Processing costs include use of chemicals, fuel for vehicles, facilities rental, cooperative fees if facilities used belong to a 
cooperative 

68 Salary of farm employees, if any.  

69 Electric bills if connected to the grid. If there are on-site power sources: cost of maintenance, rentals/lease/ammortization 

70 Cost of delivering products from farm to market/distributor, transport costs when going out to purchase farm equipment 

71 When acquired or total construction cost.  
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Date of asset acquisition/ 

construction 

Farmers records 

through FMS, 

with adjusted 

values for 

inflation 

Ground 

surveyors, FMS 

operational costs 

To be adjusted 

for inflation by 

FMS 

Availability of 

inflation rates, 

FMS data storage 
expected lifespan 

Asset production 

capability72  

Farmers records 

through the FMS 

Comparison with 

baseline figures 
FMS data storage 

Debt/ 

Liabilities 

Total debt/liabilities 
Farmers records 

through the FMS 

Ground 

surveyors, FMS 

operational costs 

Comparison with 

baseline figures 
FMS data storage 

Debt on assets73 

 

 

 

6. Appendix II: Case Studies of Sustainable Land Use Practices in 
Developing Countries  

 

This section provides an overview of the proposed projects in the four country case studies: 
Cameroon, Indonesia, Peru, and Vietnam.  It details the proposed interventions, ICRAF’s 
expected outcomes, and our suggested indicators to be used in evaluation.  

At the end of this section, we detail our thoughts on how the FMS can address the lack of effective 
MRV systems in the four countries.  At this point, it is worth noting that these expected outcomes 
and targets are based on ICRAF’s goals and not our recommendation. 

 
CAMEROON 

Background 

                                                 

72 All assets used to produce and process the crops.  This includes producing assets such as trees or bearing plants. 

73 Amount of money owed on an asset. 
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In Cameroon, ICRAF is proposing an intensification of cocoa agroforestry systems in the 
municipality of Efoulan.  This will be done by intercropping domesticated fruit producing trees in 
the farmers’ cocoa trees and by using inputs such as fertilizers, pesticides and fungicides.74  In a 
given hectare of a cocoa agroforestry system, cocoa farmers will integrate 20 trees of safou 
(Dacryodes edulis), 20 trees of mango (Mangifera indica), and 20 trees of ndjansang (Ricinodendron 
heudelotii).  There is also the potential to intercrop with timber producing trees. 
 
The average size of cocoa agroforestry system in Efoulan is about 2.71ha, with each hectare 
containing about 180 tons of carbon.  Therefore, an average cocoa agroforestry system in the 
landscape contains around 487.8 tons of carbon which is equivalent to a reduction emission of 
1788.8 tons of CO2.75  If the agroforestry system is intensified by integrating more trees (around 20 
trees per hectare), the reduction emission potential would be around 499.8 - 507.8 tons of carbon.76 
The intensified agroforestry system can now sequester around 1829 - 1858 tons of CO2.77 
 
Expected Outcomes 

Currently, farmers in Efoulan are getting between 100kg/ha and 700kgha with an average of 
400kg/ha from their cocoa agroforestry system.78  The government wants to increase the 
productivity of cocoa agroforestry systems per ha by at least 1000kg/ha which represents a 150% 
increase.  This intensification can lead also to reductions in emissions by carbon stock 
enhancement and improved farming system.  These two possible outcomes contribute to the pillars 
of REALU79 which are: a) Reducing emissions from deforestation and forest degradation (REDD); 

                                                 

74 Although fungicides are the most widely used input in cocoa agroforestry systems in Efoulan, most users declare that although 
they were efficient, they were quite expensive (Alemagi et al 2013). 

75 To convert carbon to carbon dioxide equivalent, multiply 487.8 tons by 3.66 which is the conversion factor.  NB: these values 
differ from the metrics we use in that ours are based on tonnes (i.e. 1000kilograms) 

76 In general a mature tree contains about 0.6-1 ton of carbon. 

 

77 Alemagi, D.  and Feudjio, M.  Incentives for Intensification of Cocoa Agroforestry Systems in Efoulan Municipality of 
Cameroon.  Final Report.   

78 Data collected from farmers during our field survey under Phase 1. 

79 Reduced Emission from All Land Use.  The REALU project goal was to develop through action research, a set of approaches,  
methodologies and national capacities to implement effective landscape-based strategies for  REDD+ within a context of rural 
sustainable development, national sovereignty, respect for indigenous rights, and the integrity of a global greenhouse gas (GHG) 
accounting system. 
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b) Reducing emissions by carbon-stock enhancement (REStock); and c) Reducing emission from 
greenhouse gases owing to agricultural activities (REAgg). 

In terms of promoting REDD+, the potential of intensification of cocoa agroforestry systems has 
multiple dimensions.  First, the inclusion of tree species into the farms will reduce the pressure on 
the forest from the community as such planted trees could be important sources of fuel wood, 
construction wood, and farm tools.   

Second, the integration of, for example, timber producing trees into these systems generates 
additional livelihood and income if an appropriate market is created and the market access is 
guaranteed.  This may play a crucial role in reducing the engagement of households in artisanal 
logging which is one of the major drivers of deforestation and forest degradation in Cameroon.   

Third, intensification of cocoa agroforestry systems with shade trees can also increase productivity 
thereby reducing the need for exploiting nearby forestlands for generating additional income.80  

Fourth, intensification with diverse tree species can also be a risk aversion approach.  For example, 
if cocoa specific disease wipes out the cocoa plants which are the basic sources of income, cocoa 
agroforestry systems which are intensified with various species still have other alternative outputs 
that can help the farm households, e.g.  timber, fruits, or other products for consumption or sale.81 

Indicators 

In order to monitor and verify if the outcomes are achieved, there is a need to identify measurable 
and verifiable indicators for such outcomes.  From our research in Part 1, the indicators we 
deemed necessary to monitor and verify the sustainability of the proposed sustainable land use 
intervention in Efoulan are as follows: 

Outcome 1: Enhanced carbon stock enhancement by improved farming systems 

                                                 

80 In Yemefack, M.  et al.  (Ed).  2012.REALU Feasibility Study Document for Emission Reduction for the Efoulan Council, South 
Region, Cameroon.  Nairobi, Kenya.  World Agroforestry Centre (ICRAF), however, it was concluded that “cocoa yields increase with 
lower trees density values.  To define a REDD strategy, it is necessary to take into account this tradeoff and the possibility of orienting interventions 
towards conservation/enrichment of systems with appropriate timber species in a suitable density.” 

81 Alemagi, D.  and Feudjio, M.  Incentives for Intensification of Cocoa Agroforestry Systems in Efoulan Municipality of 
Cameroon.  Final Report.  
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Indicators: Environmental - change in carbon stock, annual change in forest area and land under cultivations, 
species richness, amount of fertilizers/pesticides used per unit of cropped land, changes in land productivity 
and quality 

Outcome 2: Reduced emissions from deforestation 

Indicators: Environmental - annual change in forest area and land under cultivations, change in carbon stock 

Outcome 3: Increased productivity and income  

Indicators: Social - employment, land ownership, health, and education, social structure 

Financial: income, expenses, assets, debt/liabilities, profitability, liquidity, efficiency, debt 

 

INDONESIA 

Background 

The Land Use Planning for Low Emission Development Strategy (LUWES)82 analysis conducted in 
Tanjung Jabung Barat district revealed that conversion of peat protection forest into palm oil 
plantation by the community emits about 1.9 tons CO2e per hectare per year. Furthermore, a 
plausible scenario for REALU approach using spatially explicit model simulation of FALLOW83 
showed that peat protection forest has a large potential for emission reduction activities in 
Tanjabar.  As such, ICRAF chose this area to implement its agroforestry strategy. 

In designing emission reduction activities, it is vital to consider their economic, social, and 
environmental impacts.  With this in mind, ICRAF is proposing Jelutong trees as alternative 
species for oil palm as part of an agroforestry strategy.  The rising demands for latex and timber of 
Jelutong reflect more opportunities for smallholder farmers living in peatland84 areas to ensure 

                                                 

82 LUWES is a framework to create development plans that can minimize greenhouse gas emissions while maintaining sustainability 
of economic growth. 

83 More information about FALLOW can be found in this link: 
http://www.worldagroforestry.org/regions/southeast_asia/resources/fallow-forest-agroforest-low-value-landscape-or-wasteland 

84 Peatlands are wetland ecosystems characterized by the accumulation of organic matter under cold and/or anaerobic conditions.  
These ecosystems are the largest terrestrial long-term sink of atmospheric carbon accounting for twice as much carbon as the 
biomass of the world’s forests.  They contain very high carbon stocks under natural conditions.  However, the carbon stored is 
readily emitted when the vegetation is cleared and the soil is drained.   

http://www.worldagroforestry.org/regions/southeast_asia/resources/fallow-forest-agroforest-low-value-landscape-or-wasteland
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income sustainability. Jelutong productivity can span up to 20 years and the timber can provide 
good cash when rejuvenation takes place.  The proposed Jelutong species is also effective in the 
rehabilitation of the peatland soil for carbon enhancement. 

The Jelutong species is a natural tree in the peatland forest but was almost extinct due to 
mismanagement and exploitation.  There have been some forest rehabilitation activities in 
Tanjabar since 2009 using Jelutong.85  There have been claims of replanting success as indicated by 
70% survival rate of the Jelutong trees planted. Despite these claims, there are still challenges that 
could impede success in farmers’ adoption of Jelutong trees, these are:86 

1) land conflict in the area of peat protection status where farmers have already managed and 
planted lands; 

2) where oil palm has grown, the intercrop with Jelutong showed low survival; 
3) no market and value chain established for the latex; 
4) lack of clarity on benefit sharing between farmers and district forestry office; 
5) lack of information and extension programs on farm management to the farmers. 

Expected Outcomes 

The overarching goal of the study in Tanjabar is the implementation of effective landscape-based 
strategies for REDD+/REALU in the context of sustainable rural development and respect of local 
people’s rights.87  Specifically, the introduction of Jelutong as an alternative species for 
rehabilitation of peat forest and as agroforestry commodities of smallholder farmers is expected to 
result in reduced emissions through avoided deforestation and carbon enhancement. 

Furthermore, the intervention also hopes to improve farmers’ understanding on the importance of 
forest rehabilitation to revive forest function which may provide economic benefits for them.  
There has been indication that farmer groups are eager to produce Jelutong latex as part of their 
livelihood portfolio.88 

                                                 

85 Atiek Widayati and Suyanto. 2013. Towards Nested Emission Reduction in Jambi  Substantive Report of REALU II- Indonesia. 
World Agroforestry Centre, Bogor, Indonesia. 

86 Ibid.   
87 Atiek Widayati, Suyanto and Meine van Noordwijk.  (Eds).  2011.  REALU Project Design for Tanjung Jabung Barat (Tanjabar), 
Jambi, Indonesia.  Bogor, Indonesia.  World Agroforestry Centre (ICRAF)-Southeast Asia. 

88 Incentive Mechanism in Peat Protection Forest Management Unit (KPHLG) in Tanjabar through Formalization of Community-
Managed Forest and Strengthening Dyera polyphylla (Jelutong) Value Chain.  Indonesia.   
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Indicators 

Outcome 1: Reduced emissions through avoided deforestation and carbon stock enhancement 

Indicators: Social - employment  
Environmental - change in carbon stock, annual change in forest area and land under cultivations, species 
richness, changes in land productivity and quality 

Outcome 2: Improved livelihood, increased income 

Indicators: Social- employment, land ownership, health, and education, social structure 
Financial – income, expenses, assets, debt/liabilities, profitability, liquidity, efficiency, debt 

PERU 

Background 

In Peru, a study was conducted to identify key elements of a strategy for the enhancement of 
carbon stock over by smallholder cocoa farmers that are members of ACATPA (Asociacion de 
Cacaoteros Tecnificados del Padre Abad).  The study aimed to characterize their livelihood assets, 
in particular landholdings and their land use composition in order to assess their potential for 
mitigation intervention.   

Producer associations such as ACATPA have become important players in local development and 
natural resources management.  Besides connecting farmers to the market and providing services 
and technical assistance, associations are important in promoting land allocation and titling, 
lobbying for production infrastructures and services, and ultimately in determining land-use 
trajectories, including deforestation and forest degradation.89 

Cocoa producers’ associations have also played an important role in promoting the certification 
process and, more recently, access to the voluntary carbon market.  Even though these associations 
are no more than fifteen years old, the growing rate in members is high and with a good potential 
to get higher.  For all these reasons, such associations are a suitable entry-point for interventions 
affecting land-use at the landscape-level. 

                                                 

89Incentives for carbon stock enhancement a study of cocoa producers and cooperatives in Padre Abad, Peru 
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For the reasons mentioned above, ICRAF is proposing an intensification of cocoa agroforestry 
system in smallholder farmers that are members of ACATPA in the province of Padre Abad, 
department of Ucayali, Peru. 

The farmers were presented with a series of management options where low carbon land use 
systems are converted to high carbon production systems. Table 9 shows the current land uses of 
the farms, the carbon enriched land uses, and the requisites90 for their conversion or adoption. 
The farmers have the option to decide how much of their land they want to convert to systems 
with more carbon and how much of their forest they are willing to preserve. 

   Table 3. Current land uses, alternative land uses and requisites for conversion  

Expected Outcomes 

With the help of smallholder cocoa farmers, further land use change could be avoided by 
implementing this proposed carbon rich production system resulting to reduced carbon emission 
and enhanced carbon stock.  

Avoiding land use change would generate an opportunity cost. For instance, shifting cultivation 
with fallow periods does not maximize the economic benefits from the land as there is no income 
that will be earned during fallow periods. In addition to this, as there are no trees planted during 
fallow periods, there is no carbon stock in the land use. As such, a change from a long fallow 
shifting cultivation to cocoa systems represents the potential benefit both economically and 
environmentally.  

                                                 

90 Refer to the minimum number of trees that will be integrated in the current land use system for agroforestry intensification. 

 Land use  Carbon rich land use  Requisites 
 Cocoa  Carbon enriched cocoa  Minimum of 200 trees per ha with a 50% 

composition of timber trees 
 Pastures  Silvopastures  Minimum of 300 trees per ha with a 50% 

composition of timber trees 
 Forest  Conservation  forest  No deforestation nor degradation of the 

forest (increase of stock) 
 Fallow  Enriched  fallow  Fallow enriched with high density timber 

trees, minimum 200 trees per ha 
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Farmers will also have some direct benefits from the additional products of the cocoa trees added 
to the farming systems such as improved livelihood and increased income.  Farmers earning below 
poverty line can potentially double their earning and graduate from poverty.91  In addition, there 
are some indirect benefits such as improved fertility, soil conservation, increase environmental 
resilience and decrease vulnerability the farmers can experience. 

Besides these direct and indirect benefits, sustainable intensification of cocoa could also decrease 
deforestation caused by expansion of the agricultural frontier, the substitution of forest by illicit 
crops (e.g.  coca), unsustainable logging, conversion of secondary forests to pastures, etc.92 

Indicators 

Outcome 1: Reduced emissions through avoided deforestation and carbon stock enhancement 

Indicators: Social - employment 
Environmental - change in carbon stock, annual change in forest area and land under cultivations, species 
richness, changes in land productivity and quality 

Outcome 2: Increased environmental integrity 

Indicators: Environmental - changes in land productivity and quality, water use efficiency, species richness 

Outcome 3: Improved livelihood, increased income 

Indicators: Social- employment, land ownership, health, and education, social structure 
Financial: income, expenses, assets, debt/liabilities, profitability, liquidity, efficiency, debt 

 

VIETNAM 

Background 

                                                 

91 We feel it is also extremely important to measure how (increased) earnings are distributed beyond the household level – i.e. 
between genders, and amongst landless labourers.  However, these factors are beyond the scope of the project as currently defined.  

92 Velarde, S.J., Ugarte-Guerra J., Tito, M.R., Capella, J.L., Sandoval, M., Hyman, G., Castro, A., Marín, J.A.  and Barona, E.  2010.  
Reducing Emissions from All Land Uses in Peru.  Final National Report.  ASB Partnership for the Tropical Forest Margins.  
Nairobi, Kenya.  142 p. 
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In Vietnam, the high carbon stock land uses that adhere to the principles of REALU include the 
following:  

1) community forest management for protecting and assisting natural forest regeneration;  
2) production forest plantation;  
3) agroforestry systems that combine maize crops with timber species such as Acacia 

mangium, Mangletica glauca or Melia azedarach; and  
4) sustainable sloping land agriculture such as alley cropping of maize and stylo grass.   

These land uses were identified through field surveys, opportunity cost analysis and value chain 
analysis.  Under the Secured Landscape project, ICRAF is proposing agroforestry systems that 
combine maize crops with timber tress to replace maize mono-cropping on sloping land in Bac Kan 
province.   

Acacia mangium + maize and Melia azeradach + maize will be good agroforestry systems options due 
to relatively low opportunity cost and diversity of products.  Although the opportunity cost of 
Acacia mangium is higher than that of Melia azeradach, its market is much larger.  Currently, only 
the timber from Acacia mangium can be processed in the province, while maize and timber from 
Manglita glauca and Melia azeradach can only be exported as raw materials.   

The combination of sloping land agriculture (mostly maize) with trees, i.e Acacia spp, Melia spp.  
Maize+Acacia mangium or Maize + Mangletia glauca are found in Cho Moi and Na Ri districts, 
while maize + Melia azedarach is more popular in Pac Nam district.  Field measurement shows that 
converting private upland maize fields to agroforestry where maize will be intercropped with Xoan 
trees (Melia spp.) increases carbon stock from zero to 10.70 tC/ha above ground. 

In this agroforestry system, maize is intercropped with Melia azedarach for 10 years before 
harvesting since the tree density is low (200 trees/ha).  The investment for Melia azedarach 
plantation is low if seedlings are prepared at the household level.  This agroforestry system is 
considered sustainable and economically beneficial. 

In the case of Mangletia glauca, maize is intercropped in the first three years.  When the tresses are 
harvested after seven years, the cycle starts again.  This intercropping option is not as popular as 
the with Melia azedarach and is only found in some areas with climatic conditions favorable to 
Acacia mangium, e.g Cho Moi district.   

Expected Outcomes 
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The expected outcomes from the identified sustainable land use which are also part of the REALU 
strategy are as follows:  

 REStock - enhancement of forest carbon stock from planting of timber tree species and  
 REAgg - maintenance and enhancement of carbon rich land uses from incorporation of 

timber tree species with maize through agroforestry systems.93 

In terms of socio-economic development, the government is targeting to increase income of small-
holders from forestry and agriculture, and at the same time effectively protect forest (thus conserve 
and enhance forest carbon of the landscape) by 2020.94 

Indicators 

Choice of indicators and metrics depend on the expected outcomes of the proposed intervention.  
Hence, it is imperative to have definitive project outcomes to develop measurable and verifiable 
indicators.  In selecting indicators, it is essential to have baseline data for each indicator that will 
be used in evaluating the performance of the intervention. This is important to distinguish the 
impacts of intervention on several expected outcomes using similar indicators. 

From our research in Part 1, the indicators we considered to monitor and verify the sustainability 
of the proposed sustainable land use intervention in Bac Kan province are the following: 

Outcome 1: Enhanced forest carbon stock from planting of timber tree species 

Indicators: Environmental - change in carbon stock, annual change in forest area and land under cultivations, 
species richness 

Outcome 2: Maintained and enhanced carbon rich land uses from incorporation of timber tree 
species with maize through agroforestry systems 

Indicators: Environmental - change in carbon stock, annual change in forest area and land under cultivations, 
species richness 

Outcome 3: Increased income of smallholders from forestry and agriculture 

Indicators: Social - employment, land ownership, health, and education, social structure;  

                                                 

93 Hoan, D.T., Jindal, R., Hoang, M.H., Catacutan, D.  2012.  Feasibility notes for reducing emissions from all land uses in Bac Kan 
province, Vietnam.  Hanoi: World Agroforestry Centre (ICRAF) Vietnam. 

94 REALU Report on Incentives.  World Agroforestry Centre (ICRAF) Vietnam.   
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Financial: income, expenses, assets, debt/liabilities, profitability, liquidity, efficiency, debt 

Level Implementation of 
REDD+ 
interventions 

Financial 
transaction 

Independent monitoring/Recourse 

Province level Department of Forest 
Protection, State 
Forest Mangement 
Boards, State Forestry 
Enterprises 

REDD+ Fund 
or Forest 
Protection and 
Development 
Fund, Banks 

National Audit (NA), Auditing 
firms (AF),Vietnam Fatherland 
Front (VFF), Mass organizations 
(MOs), Juridical agencies (JAs), 
NGOs and CSOs, Province People’s 
Council, Forestry Consulting Firms 
(FCFs), Province Inspectorate (PI) 

District level 
(optional) 

Department of Forest 
Protection, State 
Forest Mangement 
Boards, State Forestry 
Enterprises 

 AF, VFF, MOs, JAs, NGOs and 
CSOs, District People’s Council, 
FCFs, District Inspectorate (DI) 

Community 
level 

Legally community 
organizations, 
households, State 
Forest Mangement 
Boards, State Forestry 
Enterprises 

Banks AF, VFF, MOs, JAs, NGOs and 
CSOs, Commune People’s Council, 
FCFs, PI/DI 

Table 4. Organizations involving in REDD+/REALU  BDS in Bac Kan province95 

Country-specific MRV and the FMS 

The FMS being developed by The Munden Project, in combination with careful deployment of 
local resources, is well positioned to compensate for the lack of effective MRV system in the four 
countries.   

Since most parts of the existing MRV systems that we found have been designed for national scale 
monitoring, the challenge lies in systematically and accurately defining and monitoring the metrics 

                                                 

95 REALU Report on Incentives.  World Agroforestry Centre (ICRAF) Vietnam. 
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required to evaluate sustainable land use projects at the landscape level in each country, in ways 
which are consistent with wider and more local systems. 

The deployment of the FMS versus sending (usually costly) experts to conduct monitoring and 
verification presents many benefits in many ways.  For instance, the rugged design of the FMS 
meets some of the challenges posed by some infrastructure difficulties in Efoulan.  Currentlt, 
transportation is a major hurdle in the area: although numerous pathways exist, there are only two 
roads that are suitable for motor vehicles, and they are unpaved. 

Instead of sending experts on multiple occasions, FMS can be deployed once, and repeat 
measurements are not impeded by bad weather or failures in local transportation.  Once in place, 
the maintenance costs for FMS in the field are relatively small. 

Central to effective designing of the MRV system is the consideration for methods, techniques and 
protocols that are easily understood by the parties involved in the implementation of intervention 
activities.  A related consideration is that the system should not bring large transaction costs, 
which can be substantial.96   

These requirements have been central to our field testing of the field-surveying components of 
FMS, but these have also revealed the importance and potential savings of training local experts in 
measurement activities.  

In Indonesia, human capacity for implementing monitoring and evaluation system both at 
national and local levels is still weak, so an intensive series of training courses is required to 
address this deficiency.97  Trainings will be provided as well for farmers on how to use the FMS.  
The interface and form of FMS surveys is explicitly designed to enable farmers to use the system 
easily.  

A combination of remote sensing, participatory monitoring, and an effective field monitoring 
system is necessary to accurately monitor and verify the changes in each identified indicators.  The 
combination will also help in triangulation of carbon data as well as regular feedback to and from 

                                                 

96 One study found that on average 20% of total transaction costs in REDD+ projects were due to monitoring.  Thompson, O.R.R.; 
Paavola, J.; Healey, J.R.; Jones, J.P.G.; Baker, T.R.; Torres, J. Reducing emissions from deforestation and forest degradation 
(REDD+): Transaction costs of six Peruvian projects. Ecol. Soc. 2010, 18, 17. Available at: http://dx.doi.org/10.575/ES-05239-
180117. 

97 Atiek Atiek Widayati and Suyanto.  2013. Towards Nested Emission Reduction in Jambi Substantive Report of REALU II- 
Indonesia.  World Agroforestry Centre –  ICRAF Southeast Asia Indonesia. 

http://dx.doi.org/10.575/ES-05239-180117
http://dx.doi.org/10.575/ES-05239-180117
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community members on the impact of their conservation effort. All of this can be implemented by 
the FMS at reasonable cost.   

  



 

 

 

 

 

© The Munden Project Limited, 2014  64 

7. Appendix III: An Overview of Measurement, Reporting and 
Verification Systems 

 

Developing a reliable and comprehensive data gathering and reporting of performance requires an 
understanding of existing MRV systems, how these evolved, and successes as well as challenges to 
their implementation.  As such, the assessment of these MRV systems provided a starting point for 
our thoughts on how MRV can be employed to enhance the effectiveness of sustainable land use 
practices being developed by ICRAF’s Secured Landscapes program.  

What is MRV and why do we need it? 

Table 5. Elements of MRV98 

Two major but very different global events have influenced the formalization of MRV.  First, the 
Bali Action Plan, adopted at the United Nations Framework Convention on Climate Change’s 
Conference of Parties 13,99 introduced the combined concept of Measurement, Reporting and 
Verification (MRV for short) as a condition for mitigation activities.   

The second major influence has been the financial crisis.  Since 2008, reporting and risk 
management in general have become the focus of regulatory reform for both financial and 
government entities.  The pressure to measure performance and account for public aid spending 

                                                 

98 Adapted from Anderson, Simon.  Measuring, reporting and verification (MRV): Implications for national climate information 
and M&E systems? Available at http://www.gcca.eu/sites/default/files/u330/measuring_reporting_and_verification_mrv_-
_anderson.pdf  

99 United Nations Framework Convention on Climate Change (hereafter UNFCCC) Conference of the Parties hereafter (COP). 
The COP is the supreme decision-making body of the Convention. All States that are Parties to the Convention are represented at 
the COP, at which they review the implementation of the Convention and any other legal instruments that the COP adopts and 
take decisions necessary to promote the effective implementation of the Convention, including institutional and administrative 
arrangements. 

Measuring Quantitative estimates of indicators of environmental, financial and social factors. 

Reporting  
Communicating progress towards objectives, meeting obligations and implementing 
activities. 

Verification  
Procedures to ensure that the reported information is prepared in accordance with the 
agreed methodologies and can be audited and verified as accurate. 

http://www.gcca.eu/sites/default/files/u330/measuring_reporting_and_verification_mrv_-_anderson.pdf
http://www.gcca.eu/sites/default/files/u330/measuring_reporting_and_verification_mrv_-_anderson.pdf
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has ratcheted up considerably, as has the burden on financial institutions to beef up their risk 
management. 

The specific goals of MRV can also be thought of in the way the German government recently 
summarized them, as key elements in: 

• ensuring greater transparency, accuracy and comparability of information with regard to climate 
change in order to identify good practice, foster a learning process, and allow an international 
benchmarking, 

• recognition and visibility of mitigation achievements to raise ambitions of other countries, 
• attribution of quantified impacts to policies, 
• accounting national and international progress, 
• identifying gaps and international support needs, 
• creating access to international public and private finance, for robust MRV can attract additional 

finance100 

It is from this point of departure that we begin to think about how such a system might be 
developed and applied to the Secured Landscapes projects and other programs to promote 
sustainable development.   

What types of MRVs are out there? 

Our research has revealed several common types of MRV systems.  These can be broadly 
categorized into four groups, covering: 

 Emissions of greenhouse gases 
 Mitigation impacts (e.g. Nationally Appropriate Mitigation Actions and REDD+) 
 Sustainable development 
 Impacts of support programs 

We provide a brief description of each category below.  Although the development of comparable 
MRV systems is most clearly defined with regard to emissions and mitigation, below we explore 
why it is the fields of sustainable development and support program impacts that we feel are most 
relevant to the Sustainable Landscapes project. 

 

                                                 

100 Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH MRV Measurement, Reporting, Verification: How To Set up 
National MRV Systems.  Available at http://mitigationpartnership.net/sites/default/files/u1585/mrv-tool-20-10-2014.pdf  

http://mitigationpartnership.net/sites/default/files/u1585/mrv-tool-20-10-2014.pdf
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Emissions and Greenhouse Gas Inventories 

What is measured 

 Emissions of greenhouse gases from emission sources on national, regional, sector 
levels.  

 Measurements are based on IPCC Guidelines.  
 Metrics reported are generally based on estimates rather than direct 

measurement.101   
 Change in measurements over time shows progress towards committed targets. 

What is reported 

 Emissions are reported at national, regional, sector levels based on UNFCCC 
intended contributions. 

 In Cancun 2010 Parties agreed to submit National Communications every 4 years 
 In between, less comprehensive biennial reports from Annex 1 countries and 

biennial update reports from Non Annex 1 countries. 

What is verified 

 Emissions from emission sources on national, regional, sector levels based on 
national emission targets, indicators compared to baselines102.   

 Verification can be done either through data checking, third party verification103, 
or by remote sensing-data.   

Table 6. MRV for greenhouse gas emissions 

Emissions and emission reductions of greenhouse gases (CO2, CH4, N2O and F-gases) from 
emission sources on national, regional, sector levels are measured based on IPCC Guidelines.  The 
2006 IPCC Guidelines for National Greenhouse Gas Inventories104 include sectors in energy, 
industrial processes and product use, agriculture, forestry and other land use, and waste.  

Estimating emissions requires establishing baselines as reference point for setting future mitigation 
targets which would involve a range of organizations e.g. companies, industrial operators, trade 

                                                 

101 For instance, multiply activity data, e.g. energy statistics, with country-specific emission factors to achieve an estimation of 
national emissions.  According to the IPCC’s Good Practice Guidance for Land Use, Land Use Change and Forestry (GPG 
LULUCF) (IPCC, 2003), AD is defined as data on the magnitude of human activity resulting in emissions or removals taking place 
during a given period of time. 

102 Greenhouse gas inventories for Annex 1 Countries are reviewed annually by the UNFCCC, whereas BURs are subjected to 
international consultation and analysis (ICA) within 6 months after submission.  Verification entities can be UNFCCC reviewers, a 
team of technical experts under the UNFCCC who conducts ICA, or independent auditors for CDM projects. 

103 The UNFCCC has a team of technical experts who conduct international consultation and analysis verifiers. 

104 2006 IPCC Guidelines for National Greenhouse Gas Inventories.  Available at http://www.ipcc-
nggip.iges.or.jp/public/2006gl/index.html 

http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
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associations, government departments and research institutes.  Implementation of approaches in 
estimating emissions requires considerable additional support – both financial and technical.   

There is a lack of data, data management and quality procedures and lack of consistency in 
methodologies for estimating future emissions105.  There are likewise differences in the reporting 
formats used by developed and developing countries and a common measurement framework is 
currently lacking.  It is not possible at the moment to consolidate data on emissions, mitigation 
actions and their expected results at a global level.106  

Mitigation Impact – NAMAs and REDD+ 

What is measured 

 Emission reductions according to baseline scenario 
 Progress of achieving sustainable development goals/co-benefits.   
 Measurements are taken by local organizations that are responsible for measuring 

similar indicators, or a central organization responsible for measuring data.107   

What is reported 
 Qualitative and quantitative information on actions to mitigate climate change, 

which address anthropogenic emissions of greenhouse gases.   
 Quantitative measures include emission mitigation savings and methodologies 

What is verified 

 All quantitative and qualitative information reported for the mitigation action.   
 Data may be verified through national procedures, International consultation and 

Analysis and should apply Transparency, Completeness, Consistency, 
Comparability, Accuracy (TCCCA) criteria.   

Table 7. MRV for NAMAs 

                                                 

105 http://www.adbi.org/working-
paper/2012/05/08/5057.narrowing.gaps.regional.cooperation.gov.systems/analysis.to.determine.the.potential.options.and.challeng
es.associated.with.regionallevel.monitoring.reporting.and.verification.mrv.systems/ 

106 Global Climate Change Alliance.  2013.  Monitoring, reporting, and verification (MRV): What implications for strengthening 
climate information and national monitoring systems? 

107 For instance, in Mexicothe national housing commission, CONAVI will develop an electronic database to record and manage all 
relevant and baseline and monitoring information. Designing a Monitoring System for a Housing NAMA in Mexico.  Available at 
http://www.nama-database.org/index.php/Supported_NAMA_for_sustainable_housing_in_Mexico.  [Accessed November 29, 
2014].   

http://www.adbi.org/working-paper/2012/05/08/5057.narrowing.gaps.regional.cooperation.gov.systems/analysis.to.determine.the.potential.options.and.challenges.associated.with.regionallevel.monitoring.reporting.and.verification.mrv.systems/
http://www.adbi.org/working-paper/2012/05/08/5057.narrowing.gaps.regional.cooperation.gov.systems/analysis.to.determine.the.potential.options.and.challenges.associated.with.regionallevel.monitoring.reporting.and.verification.mrv.systems/
http://www.adbi.org/working-paper/2012/05/08/5057.narrowing.gaps.regional.cooperation.gov.systems/analysis.to.determine.the.potential.options.and.challenges.associated.with.regionallevel.monitoring.reporting.and.verification.mrv.systems/
http://www.nama-database.org/index.php/Supported_NAMA_for_sustainable_housing_in_Mexico
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Nationally Appropriate Mitigation Action (NAMA) refers to a set of policies and actions that 
countries undertake as part of a commitment to reduce greenhouse gas emissions.108  MRV of 
NAMAs is a concept to measure, report and verify the impacts of mitigation policies and actions. 

While the main objective of REDD+ is to mitigate global climate change, it has also been expressly 
developed to deliver other benefits – or co-benefits.  Some of the co-benefits that may arise from 
implementing REDD+ strategies include safeguarding ecosystem services such as water and 
biodiversity hat benefit people, social benefits such as improved livelihoods, and cultural services.109   

In the context of NAMA, co-benefits can be decisive factors for investors and political partners in 
supporting appropriate mitigation strategies.  The additional sustainable development benefits that 
may arise from implementing NAMA can strongly influence the support of donors and financial 
institutions.110  

Individual activities of the NAMA are assigned their own indicators, whether they seek to measure 
greenhouse gas reductions or other benefits.  The indicators assigned thus determine what gets 
measured, reported and verified.111  Measurement can be done by different organizations that are 
responsible for measuring similar indicators or central organization responsible for measuring 
data.  For instance, in Mexico112 the national housing commission, CONAVI will develop an 
electronic database to record and manage all relevant and baseline and monitoring information. 

MRV of NAMAs are general, voluntary, pragmatic, non-prescriptive, non-intrusive and country 
driven, take into account national circumstances and national priorities, respect the diversity of 
NAMAs, build on existing domestic systems and capacities, and should help countries to set up 
their national MRV systems based on existing domestic processes, arrangements, methodologies 

                                                 

108 http://www.nama-database.org/index.php/NAMAs.  According to NAMA-database, currently there is only one NAMA being 
implemented in agriculture sector which is the Reduction of greenhouse gas emissions of the agricultural sector by up to 15% 
through the implementation of greenhouse gas mitigation technologies in coffee production and processing in Costa Rica. 

109 Minang, P. and White, Douglas. 2010. Co-Benefits of REDD+ and Opportunity Costs of REDD. Available at  
http://www.forestcarbonpartnership.org/sites/fcp/files/Documents/tagged/8-%20Co-
Benefits%20of%20REDD%2B%20-%20Minang%20%26%20White.pdf 

110 Becker, C. (Ed). 2013. Module 10: Co-Benefits for the NAMA Country. Available at 
http://www.giz.de/expertise/downloads/Fachexpertise/giz2013-en-NAMAs-Modul10-web.pdf 

111 GIZ.  MRV Measurement, Reporting, Verification.  How To Set up National MRV Systems.  Available at 
http://mitigationpartnership.net/sites/default/files/mrv_tool_4.1.pdf 

112 Designing a Monitoring System for a Housing NAMA in Mexico.  Available at http://www.nama-
database.org/index.php/Supported_NAMA_for_sustainable_housing_in_Mexico.  [Accessed November 29, 2014].   

http://www.nama-database.org/index.php/NAMAs
http://www.forestcarbonpartnership.org/sites/fcp/files/Documents/tagged/8-%20Co-Benefits%20of%20REDD%2B%20-%20Minang%20%26%20White.pdf
http://www.forestcarbonpartnership.org/sites/fcp/files/Documents/tagged/8-%20Co-Benefits%20of%20REDD%2B%20-%20Minang%20%26%20White.pdf
http://www.giz.de/expertise/downloads/Fachexpertise/giz2013-en-NAMAs-Modul10-web.pdf
http://mitigationpartnership.net/sites/default/files/mrv_tool_4.1.pdf
http://www.nama-database.org/index.php/Supported_NAMA_for_sustainable_housing_in_Mexico
http://www.nama-database.org/index.php/Supported_NAMA_for_sustainable_housing_in_Mexico
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and experts.  Many of these features are at odds with the requirements for MRV of the Secured 
Landscapes fund, which should be specific, mandatory, and locally driven. 

Furthermore, the lack and poor quality of data, and inefficiencies in data collection, database 
development and management are major constraints in the accurate measurement of the 
mitigation potential (and co-benefits).113 

 

What is measured 

 Anthropogenic forest-related greenhouse gas emissions by source, and removals by 
sinks, forest carbon stocks and forest area changes 

 Measurement combines remote sensing and ground-based forest carbon inventory 
approaches for estimating stocks114. 

 Local or state entities often participate in ground-based data collection and 
monitoring when a driver of forest change is difficult to detect by satellite imagery. 

What is reported 
 Data on forest land area, carbon stocks and carbon stock changes. 
 Land use changes and changes in forest uses are integrated with their respective 

emission factors to establish the greenhouse gas inventory.   

What is verified 

 The verification process concerns all the variables that were reported under 
REDD+.  Verification can be done by several institutions including civil society.   

 All data, including the satellite and national forest inventory, must be made 
available in order to allow the verification of the greenhouse gas inventory.   

 Verification is sought through interviews with key government officials and 
national NGOs, reports, media reports, training materials, etc. 

Table 8.  MRV for REDD+ 

Under the UN-REDD Programme approach, a National Forest Monitoring System (NFMS) can 
serve simultaneous functions: a ‘monitoring’ function and a ‘Measurement, Reporting and 
Verification (MRV)’ function.  The MRV function for REDD+, refers to the estimation and 
international reporting of national-scale forest emissions and removals.  It is based on three main 
components, or ‘pillars’:  

                                                 

113 Dalkmann, H.  2010.  Case study of a transport MRV NAMA: TDM Measures in Jakarta, Indonesia.  Applicability of Post 2012 
Climate Instruments to the Transport Sector (CITS) Project.  Available at http://www.slocat.net/wp-
content/uploads/2009/11/TRL-Jakarta-final-report.pdf.  [Accessed November 29, 2014]. 

114 FAO UN-REDD Programme.  2013.  National Forest Monitoring Systems: Monitoring and Measurement, Reporting and 
Verification (M & MRV) in the context of REDD+ Activities.http://www.un-
redd.org/UNREDDProgramme/InternationalSupport/MeasurementReportingandVerification/tabid/1050/language/en-
US/Default.aspx 

http://www.slocat.net/wp-content/uploads/2009/11/TRL-Jakarta-final-report.pdf
http://www.slocat.net/wp-content/uploads/2009/11/TRL-Jakarta-final-report.pdf
http://www.un-redd.org/UNREDDProgramme/InternationalSupport/MeasurementReportingandVerification/tabid/1050/language/en-US/Default.aspx
http://www.un-redd.org/UNREDDProgramme/InternationalSupport/MeasurementReportingandVerification/tabid/1050/language/en-US/Default.aspx
http://www.un-redd.org/UNREDDProgramme/InternationalSupport/MeasurementReportingandVerification/tabid/1050/language/en-US/Default.aspx
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1) Collection of national area change through a satellite land monitoring system;  
2) Implementation of a national forest inventory; and  
3) Compilation of relevant data and estimation of emissions and removals through a national 

greenhouse gas inventory for the forest sector.115  

Sustainable Development 

What is measured 

 Indicators of local environmental health, social and economic progress 
determined by the specific targets and outputs set. 

 Methodology selection involves issues of data availability and use, spatial and 
temporal scale, selection of indicators, and the aggregation of indicators.116 

What is reported 

 Changes in each indicator over time. 
 Main findings are usually contained in executive summaries of reports intended 

to address policy-makers.   
 Most reports go beyond the values of the chosen indicators and include 

analytical information, often of direct policy relevance.117  

What is verified  Changes in each indicator compared to the baseline data.118   

Table 9.  MRV for Sustainable Development 

MRV for sustainable development goals is harder to define than it is for emissions and mitigation.  
The concept has been discussed and characterized in various ways.  The most widely used 
definition of sustainable development is that of the Brundtland Commission, which specified it as: 

                                                 

115 FAO UN-REDD Programme.  2013.  National Forest Monitoring Systems: Monitoring and Measurement, Reporting and 
Verification (M & MRV) in the context of REDD+ Activities. 

116 Parris, T.M.  and  and Kates, R.W.  2003.  Characterizing and Measuring Sustainable Development.  Annu.  Rev.  Environ.  
Resour.  2003.  28:13.1–13.28.  doi: 10.1146/annurev.energy.28.050302.105551 

117 Extent, methods and format of the analysis differ according to the audience.  Short brochures using indicators to demonstrate 
strategy implementation are an effective and user-friendly means of addressing the public-at-large.  Simple symbols, such as arrows 
or traffic-lights, indicating progress or regress by indicator can be used to communicate progress on sustainable development in a 
country.  In many countries, the internet can be an effective means of reporting on updated indicator values.  For many developing 
countries, the existence of multiple project-specific reporting requirements attached to different externally funded development 
projects often poses additional organizational and institutional challenges. 

118 It is important to note, however, that not all data points will be verified, due to the impracticality of verifying large numbers of 
entries.  Instead, a representative sample must be taken for verification, so the challenge lies in getting the best representation from 
the lowest number of data points. 
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“Development that meets the needs of the present without compromising the ability of future generations 
to meet their own needs”119 

In the words of Parris and Kates (2003), sustainable development is defined as development that 
has 

“…broad political appeal and little specificity, but some combination of development and environment 
as well as equity is found in many attempts to describe it.”120 

Many global climate and economic initiatives consider sustainable development in their agendas, 
but the concept has little specificity.  It does not articulate what needs to be sustained, developed, 
or how, and is consequently subjective and open to culturally-specific interpretations.121   

This has created an environment in which a number of groups leverage political appeal by 
producing indices that define sustainable development in ways that advance their agendas.122  To 
our knowledge, there are no indicator sets that are universally accepted.  One way to avoid such 
confusion is to have sets of indicators that are relevant, easy to understand, reliable and based on 
accessible and comparable data.  These indicators must also be cheap to collect, as savings in this 
area allow greater coverage of the data overall, and better focus on the most difficult aspects. 

The Shared Impact Assessment Measurement Toolbox123 of the Finance Alliance for Sustainable 
Trade (FAST)124 is an example of one of the relatively effective tools out there. The tool is used by 
investors, financial institutions and small and medium enterprise to monitor and report the social, 
                                                 

119 World Commission on Environment and Development (WCED), Our Common Future (New York: Oxford University Press, 
1987) 

120 Parris, T.M.  and  and Kates, R.W.  2003.  Characterizing and Measuring Sustainable Development.  Annu.  Rev.  Environ.  
Resour.  2003.  28:13.1–13.28.  doi: 10.1146/annurev.energy.28.050302.105551 

121 Hedlund-de Witt, A. 2014. Rethinking Sustainable Development: Considering How Different Worldviews Envision 
“Development” and “Quality of Life”. Sustainability 2014, 6. Available at http://www.mdpi.com/2071-1050/6/11/8310/pdf  

122 Parris, T.M.  and  and Kates, R.W.  2003.  Characterizing and Measuring Sustainable Development.  Annu.  Rev.  Environ.  
Resour.  2003.  28:13.1–13.28.  doi: 10.1146/annurev.energy.28.050302.105551 

123 The tool has a common and standard set of 112 indicators for assessing the impact of investments in sustainable agriculture 
SMEs in the developing markets. It includes a core list of 43 social, economic and environmental indicators applicable to the SME 
(21 metrics) and farmer/household (22 metrics) level. The tool can be used by financial institutions, investors, SMEs and field 
intermediaries interested in contributing impact data related to investments in sustainable SMEs.  

124 FAST is an international non-profit association representing financial institutions, producers and others dedicated to bringing 
sustainably produced products to market. It connects lenders and producers, especially Small Medium Enterprise (SME) engaged in 
agricultural commodities to improve the delivery of finance to producers in the sustainable trade sector. 
[https://www.fastinternational.org] 

http://www.mdpi.com/2071-1050/6/11/8310/pdf
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financial, and environmental performance generated from financing activities in sustainable value 
chains.   

A key strength of the tool is that it considers a number of major sustainability issues125 related to 
social, economic and environmental sustainability of agricultural SMEs, agricultural producers and 
their communities. It also takes into account core issues focused on the measurement of the 
sustainability of the financial relationship.126 The strength of the tool is its applicability to both the 
SME and farm level operations. 

Some factors related to sustainable development are inherently quantifiable, while others are 
notoriously elusive.  Carbon, for example, is a physical substance that can be directly measured 
and empirically verified.  Improvements in livelihoods or impacts on ecosystem integrity are 
generally harder to measure but that does not mean they should get lost in the complexity.   

Impact of Support Programs 

What is measured 

 Impact assessments aim to evaluate the effects of policies, strategies, plans or 
programs in economic, social and environmental terms. 

 Program impacts are measured at the level of target beneficiaries, households, and 
communities. 

 Impacts are represented by changes in a situation, whether positive or negative, 
that are attributed to the intervention.  

What is reported 

 Impact assessment reports127 are disclosed to the public, often to comply with the 
requirements of funders.  

 Reporting may be managed online, for example using data portals to systematize 
and compare results 

 Reports may also be delivered in locally appropriate ways (eg. reports translated to 
national languages, or through stakeholder workshops/consultations). 

                                                 

125 These are agricultural productivity, generation of value added, reliable and equitable supply chains and market access, 
organization capacity, financial sustainability of the SME, risk mitigation and adaptation, producer livelihoods, food security, access 
to finance, access to social services, employment creation; safe, fair and equitable employment; community involvement, ecosystems 
integrity, and natural resources management. 

126 These are outreach, inclusiveness of vulnerable population, responsibility to clients, portfolio health, and principles of 
responsible investments. 

127 Impact assessment reports normally contain: applicable national policies, regulations and requirements which the project must 
comply, baseline conditions in the project site, identification of populations to be impacted directly or indirectly by project 
activities, analysis of project impacts, and measures to mitigate negative impacts, where necessary. 
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What is verified 

 Social, environmental and economic co-benefits of land use projects128. 
 Verification can be done either through data checking, third party verification, or 

by comparison with remote sensing-data. 
 Verification of results with stakeholders through stakeholder meetings and 

feedback workshops. 
Table 10.   MRV for Impact of Support Programs 

Impact assessment is the process of analyzing, monitoring, and managing the intended and 
unintended consequences, both positive and negative, of planned interventions.129   

Different MRV systems and indicators are adopted depending on the intended impacts of the 
program, which usually include one or more of environmental, economic and social factors.  The 
assessment tools and methodologies also vary according to what is to be reported and to whom, for 
example cost-benefit analysis, modelling and forecasting. 

For example, SENSOR130 developed science-based forecasting instruments to allow the assessment 
of impacts of land use policy on social, environmental and economic sustainability issues at a 
regional scale in Europe.131   

Qualitative and quantitative analyses132 are performed to simulate impacts of land use change 
across the sectors agriculture, forestry, tourism, nature conservation, transport and energy 
infrastructure.  The assessment covers environmental functions (abiotic and biotic resources 

                                                 

128 Co-benefits can be validated and verified against standards such as the CCB Standards by the Climate, Community and 
Biodiversity Alliance. 

129 International Association for Impact Assessment (http://www.iaia.org) 

130 Sustainability Impact Assessment Tools for Environmental, Social and Economic Effects of Multifunctional Land Use in 
European Regions (http://www.sensor-ip.org) 

131 Almost all SENSOR approaches and components have also been tested in China and South America, and the methodologies 
were found to be useful for sustainability assessment of multifunctional land use in a non-European context. 

132 The Framework for Participatory Impact Assessment (FoPIA) is a fully qualitative participatory approach used to ensure 
stakeholder-inclusive sustainability impact assessment of land use policies. The quantitative modeling approach uses a suite of 
Sustainability Impact Assessment Tools (SIAT) that include policy scenarios, land use simulation models computing for more than 
80 impact indicators, sensitivity analysis, and GIS-based data and indicator management systems. 

http://www.iaia.org/
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including soil, water, air, biodiversity), societal functions (welfare, migration, cultural heritage, 
recreation, aesthetics) and economic functions (employment, growth).133 

Many support programs aim simultaneously to deliver social, environmental and economic 
benefits as the Secured Landscapes project does.  Impact assessments provide a basis upon which 
to develop credible documentation of how these programs affect populations and their 
livelihoods134. 

The main challenge in any impact evaluation is attribution: it is difficult to prove incontrovertibly 
that impacts documented are a direct consequence of a project or program, where the intervention 
could be one of several contributory factors to change or simply coincidental.  Although there have 
been a number of attempts to replicate controlled trials in the impact assessment of international 
development projects, the difficulties in identifying causes and adequately controlling conditions 
make it extremely difficult to do well. 

To truly understand the impact of a program on a given indicator, information must be available 
on project beneficiaries or the ‘treatment group’, and a counterfactual or ‘control group’.   

Creating a counterfactual by identifying a reasonable control group is always a challenge.135  A way 
to work around this is by using experimental or quasi-experimental approaches, involving the 
statistical comparison of treatment and control groups to tackle attribution.  However, these 
methods are expensive and difficult to implement.   

There are usually significant financial limitations that influence the choice of impact assessment 
methods.  In addition, there are some impacts that are subtle, indirect, and are not as easily 
measured, like social impacts such as empowerment.   

What are the challenges to developing and implementing MRV systems? 

Our review of relevant MRV systems sheds light on several common challenges that face both 
existing and future MRV systems.  These include (among others) poor data quality and significant 

                                                 

133 Tscherning K et al. 2008. Scientific curricula development: Impact assessment of Land Use. In: Helming K, Wiggering H (eds.): 
SENSOR Report Series 2008/02, www.sensor-ip.eu, ZALF, Germany. 

134 Richards, M. & Panfil, S.N. 2010. Manual for Social Impact Assessment of Land-Based Carbon Projects, Version 1. Forest Trends, 
Climate, Community & Biodiversity Alliance, Rainforest Alliance and Fauna & Flora International. Washington, DC. 

135 Winters, P., L. Salazar, & A. Maffioli. 2010. Designing Impact Evaluations for Agriculture Projects. Impact-Evaluation Guidelines 
Technical Notes No. IDB-TN-198. Office of Strategic Planning and Development Effectiveness, Inter-American Development Bank. 
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data gaps, insufficient technical capacity, high transaction costs, lack of common measurement and 
reporting frameworks, unclear definition, and lack of consistency in methodologies for 
measurement.  

Inconsistencies in reporting methodologies and frameworks 

No existing system, as currently set up, adequately meets MRV needs for assessing mitigation 
impacts as well as broader MRV requirements.  For example, with respect to climate finance flows, 
there is no integrated or comprehensive international system for storing and accessing data on 
climate financial flows, although individual components of such a system reside in several UN and 
non-UN sources.136   

Many flows are not systematically measured, reported or verified and the granularity in which the 
details are tracked varies across systems.  This situation renders a proper evaluation of the 
effectiveness and productivity of climate support programs difficult.137  

An analysis by WRI also found out that the information reported by developed countries on the 
financial support they provide to developing countries has lacked transparency, comparability, and 
completeness.  This has made it hard for recipient countries to trust the information.138  

No existing system adequately provides all of the information necessary to evaluate the impacts of 
any one project in full.  Moreover, there is no central repository of data gathered by existing MRV 
efforts, which makes it extremely difficult to compare the effectiveness of different programs.  For 
example (as reported above) there is no integrated or comprehensive international system for 
storing and accessing data on climate financial flows, despite its global relevance.139  

Regardless of the system needed for ongoing monitoring, a baseline of data is essential to setting 
targets and verifying progress. To establish this baseline there is a need for agreed indicators of 
environmental, financial and economic factors that are measured in a consistent and comparable 
way on a global scale.   

                                                 

136 Including the UNFCCC, UNCTAD, the Organisation for Economic Co-operation and Development’s System, Multilateral 
Development Banks, research bodies and the private sector 

137 Buchner, B., Brown, J., and Corfee-Morlot, J.  2011.  Monitoring and Tracking Long-Term Finance to Support Climate Action.  
Climate Change Expert Group Paper No.  2011 (3). 

138 http://www.wri.org/publication/guidelines-reporting-information-public-climate-finance 

139 Atteridge, A.  2012.  Monitoring, Reporting and Verifying Climate Finance: A Framework for Transparency of Support Provided 
to Developing Countries.  A Policy Brief.  Stockholm Environment Institute. 

http://www.wri.org/publication/guidelines-reporting-information-public-climate-finance
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Insufficient technical capacity 

Technical expertise and access to appropriate data is an essential part of successfully establishing an 
MRV system.  For example, the ability to compile and compare accurate data at local, national and 
international levels is crucial in integrating forest monitoring systems under REDD+.  However, 
some studies conclude that that most REDD+ countries lack the technical institutional capacity to 
do so.140  Countries will therefore need to focus on training personnel and supplying adequate 
equipment to enable accurate data collection and adherence to a common monitoring standard 
and protocol.141 

For the case of NAMAs, capacity building in the area of data collection, database development and 
management is seen as a key priority in ensuring MRV of mitigation actions in the future.  Such 
types of capacity building could be provided as part of supported NAMA, or through other 
channels such as development aid.  However, this capacity building is so far poorly directed: it 
does not make the best use of modern information and communications technologies, and its 
infancy means there is too little focus on cost-effectiveness and implementation. 

High cost 

In order to ensure transparency and accountability, the MRV verification process is usually 
outsourced to private consultants or third sector organizations.  Verification usually combines 
physical audits (site visits), statistical techniques and consultations.   

This is necessary to confirm the accuracy of the data and ensure that progress is reported correctly, 
however it has a downside – it is eye-wateringly expensive.  Even if the audits were carried out by 
non-profit organizations, the cost of sending a consultant from Amsterdam or Tokyo out into the 
field in Cameroon or Vietnam to gather data is too high for it to be affordable with the regularity 
expected by investors. 

While the majority of MRV systems – particularly those initiated under the UNFCCC – are still in 
their infancy, there are some signs that a well-designed and implemented system can succeed in 
producing genuinely transparent and verifiable information. 

                                                 

140 https://www.wageningenur.nl/en/show/Measuring-REDD-Impacts-Analysis-of-Institutional-Capacity-for-MRV-and-Practices-of-
Forest-Monitoring-in-Developing-Countries.htm 

141 http://www.wri.org/blog/2011/11/building-foundation-redd-recommendations-durban-forest-monitoring  

https://www.wageningenur.nl/en/show/Measuring-REDD-Impacts-Analysis-of-Institutional-Capacity-for-MRV-and-Practices-of-Forest-Monitoring-in-Developing-Countries.htm
https://www.wageningenur.nl/en/show/Measuring-REDD-Impacts-Analysis-of-Institutional-Capacity-for-MRV-and-Practices-of-Forest-Monitoring-in-Developing-Countries.htm
http://www.wri.org/blog/2011/11/building-foundation-redd-recommendations-durban-forest-monitoring
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MRV Successes 

We have found examples of REDD-related MRV schemes that are successfully up and running, 
including the National Forestry Management System (NFMS) in Costa Rica and Forest 
COMPASS, a program that has established community-based forest monitoring schemes in North 
Rupununi, Guyana. 

Of particular importance in achieving the goals of both programs has been coordinating efforts 
between different stakeholders.  The International Partnership on Mitigation and MRV 
characterizes the NFMS collaboration to improve data collection thus: 

A coordination mechanism is in place where a group of specialists have come together to identify and 
solve technical and information gaps, in order to complete and adjust this new overarching MRV system 
that caters to various different requirements and needs.  A series of completed, on-going and planned 
actions are developed under this process.142 

Meanwhile, the program in Guyana brings together a number of communities to work alongside 
the public and civil society institutions in collecting data for MRV:  

Since 2011, the project has been working with sixteen Amerindian communities of North Rupununi to 
build local capacity to develop and run a community measuring, reporting and verification (C-MRV) 
system.  The project is carried out in collaboration with the North Rupununi District Development 
Board (NRDDB), the Iwokrama International Centre for Rainforest Conservation and Development 
(IIC), and the Global Canopy Programme (GCP).143 

 

Developing MRV systems for Secured Landscapes 

Clearly, the applications for MRV are much broader than tracking climate initiatives, and they 
include reporting on sustainable land use.  We have written in the past about the difficulty of 
accessing data about the efficacy of initiatives to promote sustainable development144: systematic 
records that quantify the performance of such initiatives is scarce and rarely comparable.  For 
example, we have frequently been forced to rely upon inaccurate proxies for core elements of our 
                                                 

142 International Partnership on Mitigation and MRV: Costa Rica: Developing an integrated forestry sector MRV system. Available at 
http://mitigationpartnership.net/sites/default/files/costarica_gpa_long_0.pdf  

143 http://www.globalcanopy.org/projects/Forest-COMPASS  

144 The Munden Project, How to improve the data collection process for financing sustainable practices in agriculture, agroforestry and forestry? 
April 2014 

http://mitigationpartnership.net/sites/default/files/costarica_gpa_long_0.pdf
http://www.globalcanopy.org/projects/Forest-COMPASS


 

 

 

 

 

© The Munden Project Limited, 2014  78 

financial model such as productivity, prices and the cost of labor in our research for the Secured 
Landscapes project. 

One of the greatest challenges faced by advocates of sustainable land use is attracting the funds 
necessary to establish and build capacity for sustainable practices.  This challenge is much more 
easily overcome with evidence that those funds have a measurable effect on environmental, social 
and financial outcomes.  Establishing robust MRV will help to increase donors’ and financiers’ 
confidence that their money will be well spent.145 

At the same time, MRV can actually help to lower the risks inherent in adopting new production 
practices.  A continuous, real-time data stream of the type we are proposing can help to nip 
problems in the bud because they will become apparent much earlier than might otherwise be the 
case.   

For example, the process of developing the capacity to measure and check an enterprises 
expenditure can help in identifying which practices are cost-effective over different time frames, 
and for this can help in increasing efficiency and productivity.  The correct use of MRV will allow 
both technical and financial programs to improve heuristically along the way, and lessons learned 
can be shared immediately across multiple projects. 

                                                 

145 Sharmat, et al.  2014.  Linkages between LEDS – NAMA- MRV.  Available at: 
http://mitigationpartnership.net/sites/default/files/linkages-leds-namas-mrv.pdf  and Low Emission Capacity Building Programme.  
MRV Fact Sheet.  Available at: http://www.lowemissiondevelopment.org/docs/LECB_Thematic_Fact_Sheet_MRV_FNL.pdf 

http://mitigationpartnership.net/sites/default/files/linkages-leds-namas-mrv.pdf
http://www.lowemissiondevelopment.org/docs/LECB_Thematic_Fact_Sheet_MRV_FNL.pdf

