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Disclaimer  
The UN-REDD Programme MRV Working Paper Series is designed to reflect the activities and progress related to the Programme. 
These MRV Working Papers are not authoritative information sources – they do not reflect the official position of FAO, UNDP or 
UNEP and should not be used for official purposes.  
 
The MRV Working Paper Series provides an important forum for the rapid release of information related to the UN-REDD 
Programme. Should readers find any errors in the documents or would like to provide comments for improving their quality, they are 
encouraged to get in touch with one of the above contacts. 
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MEETING BACKGROUND  

In February 2011, twelve prominent experts in forest inventory wrote to FAO and suggested holding a 

scientific meeting on forest inventory in relation to the requirements of REDD+. The concern expressed is 

that current approaches to REDD+ monitoring of forest carbon do not appear to take statistical analysis 

aspects sufficiently into consideration. Given the long experience of the developments in the science and 

application of national forest inventories, it may be valuable to the UNFCCC process to review this 

knowledge and its application for REDD+ monitoring.  

On 31 May and 1 June 2011, the Expert meeting on assessment of forest inventory approaches for REDD+ 

was held at FAO headquarters in Rome, Italy. The meeting objectives were to develop preliminary criteria for 

evaluating the design of national forest inventory systems with respect to C and delta-C estimates; assess 

the needs and opportunities to contribute to the methodological guidance to be prepared by UNFCCC and 

IPCC; define how a science forum, facilitated by FAO, can be organized to advise countries on national forest 

inventories/monitoring for REDD+ and prepare key preliminary messages for the above. We involved IPCC in 

this meeting, noting that the 2006 IPCC guidance on preparing greenhouse gas inventories promote the use 

of national forest inventories1, and will continue the discussion as to what is the appropriate ways to work 

together to serve our member countries with knowledge, advise and technical assistance. 

While the focus of the meeting was on C and delta-C estimates, it is also acknowledged that national forest 

inventories provide a wider range of information, related e.g. to REDD+ safeguards. National forest 

inventories therefore have a potential to support broader reporting requirements, as well as policy analyses 

in relation to REDD+ and broader forest/natural resources management. 

16 visiting specialists and 17 FAO staff members attended (see the List of Participants in Annex 1).  

 

                                                            
1 Note that the word ”inventory” is used is different ways. In the case of “greenhouse gas inventory”, it refers to a report (tabulated 
data) of emission fluxes (sources and removals). In the case of “national forest inventory”, it refers also to the process of data 
collection and analysis, in addition to the resulting tabulated data (see also Annex 4 on the definition of a national forest inventory). 
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MEETING PROCESS AND RESULTS  

The meeting was conducted in three parts, following the Agenda in Annex 2.  

The first part was an exchange of experiences and knowledge between the visiting specialists and FAO staff. 

Presentations are available through the FAO Climate Change website, under past events: 

http://www.fao.org/climatechange/53685/en/.  

The discussion revolved around the following topics: 

General 

 Does the IPCC GPG model of activity emission factor work In a forest/REDD+ context, eg what is 
an activity?) (esp. valid when following all carbon) (are the tier1+2 requirements good enough?) 

 What are the actual accuracy requirements? 
o what is good enough? 

 How to achieve practical, believable and credible/trusted results? 
o trusted without additional costly reviews (this may be as important as error levels) 
o how to communicate error estimates and how use this information 
o what is simple enough? 

 Wider objectives of nfi (definition of nfi)  
o Is C-MRV a subset of nfi (with necessary modifications to meet needs of REDD+ and GHG 

inventory)? 
 similarly, nfi data used for GHG inventory development 

o nfi includes field measurements and remote sensing approaches? 

 How to develop systems over time, from scratch, phased improvements? (as seen in Annex-1 
country reports) 

 Capacity (international and national) 

 Legal and institutional investments 

 Replicability between countries (efficiency and capacity gains) 

 Countries need to start developing nfi’s now, for future performance-based payments 
 

Specific for C and delta-C estimations 

 Statistical design, sampling, stratification 
o how incorporate GHG inventory requirements? 

 How to avoid basic bias? 
o for example how can we extrapolate emission factors? 

 Estimates and error estimate methods, especially with respect to change 

 Role of remote sensing  
o use beyond stratification? 

 Cost-effectiveness 
o including plot design, which needs to be part of the overall design, pilots (but don’t 

spend too much efforts on this, “optimal” design does not exist) 
o does small plot size require better info on forest/non-forest/land uses? 

 Allometric functions 
o how to get funding in a trendy research finance situation (approach finance institutions 

that want to invest in REDD+) 
 

http://www.fao.org/climatechange/53685/en/
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In part two of the meeting, the visiting specialists discussed internally and formulated a set of guidelines, 

which are presented in Annex 4. These guidelines constitute the main and direct result of the meeting. 

Part three of the meeting included both visiting specialists and FAO staff and considered optional ways 

forward. It was concluded that: 

 Formalization of national forest monitoring (or national forest inventory) guidelines that include 
considerations for REDD+ monitoring and reporting requirements should be a priority for FAO; 

 The recommendations of this meeting should be made available to the UNFCCC process through 
side events and/or submissions before COP-17 in Durban; 

 Possibilities to include an expert meeting in the IPCC work plan for 2012 that addresses national 
forest inventories; 

 The visiting specialists expressed their willingness to continue to contribute to this important 
work area. 
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ANNEX 1. PARTICIPANTS  

Visiting Specialists 

Ms/Mr First name Last name Affiliation Email 

Mr Piermaria Corona University of Tuscia, Italy piermaria.corona@unitus.it 

Mr Simon  Eggleston IPCC eggleston@iges.or.jp 

Mr Lorenzo Fattorini University of Siena, Italy fattorini@unisi.it 

Mr Lutz Fehrmann Georg-August-University, Germany lfehrma@gwdg.de 

Mr Timothy G.Gregoire Yale University, USA timothy.gregoire@yale.edu 

Mr Terje Gobakken Norwegian University of Life 

Sciences 

terje.gobakken@umb.no 

Mr Christoph Kleinn Georg-August-University, Germany Ckleinn@gwdg.de 

Mr Steffen Lackmann Coalition for Rainforest Nations steffen.lackmann@gmx.de 

Mr Aleksi Lehtonen Finnish Forest Research Institute aleksi.lehtonen@metla.fi 

Mr Erik Naesset Norwegian University of Life 

Sciences 

erik.naesset@umb.no 

Mr Ross Nelson NASA, USA Ross.F.Nelson@nasa.gov 

Mr Goran Stahl Swedish University of Agricultural 

Sciences 

goran.stahl@srh.slu.se 

Mr Stephen Stehman State University of New York, USA svstehma@syr.edu 

Mr Tomas Thuresson Norskog Tomas.Thuresson@norskog.no 

Mr Erkki Tomppo METLA, Finland erkki.tomppo@metla.fi 

Mr Andreas Tveteraas Norwegian Climate and Forest 

Initiative (by phone) 

andreas.tveteraas@md.dep.no 
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FAO participants  

Ms/Mr First name Last name Affiliation Country 

Mr Peter Holmgren FAO, Director, Climate, Energy and 

Tenure Division (NRC) 

Peter.Holmgren@fao.org 

Mr Jose 

Antonio 

Prado FAO, Director, Forest Assessment, 

Management and Conservation 

Division (FOM) 

JoseAntonio.Prado@fao.org 

Mr Jim Carle FAO, Chief, Forest Resources 

Development Service (FOMR) 

Jim.Carle@fao.org 

Mr Alberto  Sandoval FAO, UN-REDD Programme 

Coordinator (NRC) 

Alberto.Sandoval@fao.org 

Mr Dan Altrell FAO, FOM  Dan.Altrell@fao.org 

Ms Anne  Branthomme FAO, FOM Anne.Branthomme@fao.org 

Mr Adam  Gerrand FAO, FOM Adam.Gerrand@fao.org 

Mr Mathieu Henry FAO, FOM Mathieu.Henry@fao.org 

Ms Inge  Jonckheere FAO, FOM Inge.Jonckheere@fao.org 

Mr Hideki Kanamaru FAO, NRC Hideki.Kanamaru@fao.org 

Mr Mikko Leppänen FAO, FOM Mikko.Leppänen@fao.org 

Mr Ken MacDicken FAO, FOM Kenneth.MacDicken@fao.org 

Mr Danilo  Mollicone FAO, FOM Danilo.Mollicone@fao.org 

Mr David Morales FAO, FOM David.Morales@fao.org 

Mr Anssi Pekkarinen FAO, FOM Anssi.Pekkarinen@fao.org 

Mr Marco Piazza FAO, FOM Marco.Piazza@fao.org 

Ms Rebecca Tavani FAO, FOM Rebecca.Tavani@fao.org 
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ANNEX 2: AGENDA 

31 May 

8.30 – 9.00 Registration, Coffee  

9.00 – 9.30 Opening 

Introductions 

Objectives 

Peter Holmgren 

Jose Antonio Prado 

9.30 – 12.30 Framing the issue – What is the problem?  

 Recap of REDD+ status and key activities to help 

prepare countries for REDD+ 

Peter Holmgren 

 Issues raised in the scientist’s letter Tim Gregoire 

 Real-world example – Guyana (after 11.00) Andreas Tveteraas 

 Erik Naesset 

 What does IPCC say? Specifically about estimation 

errors?  

Simon Eggleston  

 Examples of design experiences of national forest 

inventories in REDD+ countries  

(eg Tanzania, Ecuador, Vietnam, DRC, Indonesia, 

PNG, Zambia) One-pagers to be prepared by 

presenters before meeting 

Erkki Tomppo,  

Danilo Mollicone 

Anssi Pekkarinen 

Danae Maniatis 

 Comparison of issues between REDD+ and Lulucf Lead discussant tbd 

 Discussion 

Expected outcome: Clarification of concerns 

 

12.30 – 14.00 Lunch  

14.00 – 15.30 Progress report on the Systematic review on “Comparison 

of methods for the measurement and assessment of 

carbon stocks and carbon stock changes in terrestrial 

carbon pools” 

Discussion  

Expected outcome: Possible implications of findings of 

the systematic review for nfi research and 

implementation 

Hideki Kanamaru 
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15.30 – 17.00 Preliminary identification of key issues/properties of a nfi 

to serve needs of national (large scale) estimates of 

carbon and delta-carbon including error estimates 

First part of discussion to focus on C and delta-C 

estimates, including sampling, use of remote sensing, 

allometry, change estimations 

facilitator tbd 

1 June 

9.00 – 12.30 Continued identification of key issues/properties 

Second part of discussion to include wider information 

needs/synergies and institutional considerations 

Expected outcome: “Checklist” of key considerations for 

nfi design/approach including carbon and delta-carbon 

estimates, and also broader concerns (wider information 

needs, institutional issues) 

facilitator tbd 

12.30 – 13.30 Lunch  

13.30 – 15.00 Opportunities for continued engagement 

Opportunities for contributing to IPCC 

Opportunities for on-request scientific advise to 

countries 

Science (or science publication) gaps that could be 

filled 

Relevance and practicalities of a science forum on 

nfi design (for REDD+) 

Reporting from this meeting 

Next steps 

Expected outcome: Recommendations on actions  

facilitated by Holmgren 

15.00 Closing  
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ANNEX 3. BIOGRAPHICAL SKETCHES OF VISITING SPECIALISTS 
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ANNEX 4. GUIDELINES FOR MULTI-OBJECTIVE NATIONAL FOREST 

INVENTORY TO SUPPORT REDD+ MRV 

Background 

The purpose of this document is to present general and good practice principles (guidelines) for planning 

and implementing a multi-objective national forest inventory as one of the crucial objectives to provide 

forest and land use and land use change information for REDD+ MRV. Note that IPCC guidelines give only 

recommendations, not binding instructions. The document has been written by a group of forest inventory 

and forest biometrics experts with the support of FAO. The goal is to help decision makers and inventory 

experts to establish long-term forest inventory systems which are grounded in sound practice and defensible 

scientific rigor.  

The term NFI is used repeatedly in this document as an abbreviation for National Forest Inventory. A working 

definition of forest inventory has been provided in (2010) National Forest Inventories (DOI 10.1007/978-

90481-3233-1_1): “forest inventory refers to both the tabulated forest information and to the process of 

measuring and analyzing the data on which the tabulated information is based.” The adjective National in 

NFI implicitly defines the geographic and political scope of the inventory. By the “design” of an NFI we mean 

the entire suite of functions needed to implement the inventory and to assess the results it yield. These 

include the data collection methods, data processing methods, the inferential methods to draw scientifically 

credible results from the data. The NFI design is a function of the available resources and given accuracy 

requirements. As the term implies, a multi-objective NFI is designed to provide quantitative information to 

multiple stakeholder groups who depend on the resources of the forest. 

Information/reporting requirements for REDD+ are currently defined in the Cancún agreement under the 

two categories mitigation activities and safeguards.  

The REDD+ mitigation activities are specified in para 70 of the long-term cooperative action (LCA) text as 

follows: 

“70. Encourages developing country Parties to contribute to mitigation actions in the forest sector by 

undertaking the following activities, as deemed appropriate by each Party and in accordance with 

their respective capabilities and national circumstances:  

(a) Reducing emissions from deforestation;  

(b) Reducing emissions from forest degradation;  

(c) Conservation of forest carbon stocks;  

(d) Sustainable management of forest;  

(e) Enhancement of forest carbon stocks;” 

Potentially, these mitigation activities extend to all forest areas, and they include both positive and negative 

changes of the carbon stock. They also include rapid as well as gradual changes of the carbon stock. Para 71 

of the same document identifies the requirements of a robust and transparent forest monitoring system for 

the monitoring and reporting of the mitigation activities. Clearly, the monitoring of forest carbon and hence 
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the result of mitigation activities have many commonalities with general forest inventory and monitoring, 

and the long experiences of conducting national forest inventories should be used to find cost-effective 

solutions. 

Para 71d in the LCA text further specifies that there should be a system for providing information of how 

safeguards are being addressed. These safeguards are listed in an annex to the text as follows: 

(a) Actions complement or are consistent with the objectives of national forest programmes and 
relevant international conventions and agreements;  

(b) Transparent and effective national forest governance structures, taking into account national 
legislation and sovereignty;  

(c) Respect for the knowledge and rights of indigenous peoples and members of local communities, 
by taking into account relevant international obligations, national circumstances and laws, and 
noting that the United Nations General Assembly has adopted the United Nations Declaration on 
the Rights of Indigenous Peoples;  

(d) The full and effective participation of relevant stakeholders, in particular, indigenous peoples 
and local communities, in actions referred to in paragraphs 70 and 72 of this decision;  

(e) Actions are consistent with the conservation of natural forests and biological diversity, ensuring 
that actions referred to in paragraph 70 of this decision are not used for the conversion of 
natural forests, but are instead used to incentivize the protection and conservation of natural 
forests and their ecosystem services, and to enhance other social and environmental benefits; 

(f) Actions to address the risks of reversals;  
(g) Actions to reduce displacement of emissions. 
 

The safeguards indicate that REDD+ mitigation activities are to be performed within the context or broader 

forest management objectives, and also stipulates stakeholder engagement. They also consider the risk of 

reversals or displacements of emissions. Taken together, the information requirements for addressing 

safeguards are consistent with information requirements for other/wider forest management objectives, 

and, consequently, and again, the experiences from national forest inventories should be well considered. 

From this background and the discussions at the meeting on 31 May – 1 June in Rome, the following draft 

guidelines have been formulated, for using multi-objective national forest inventories for REDD+ monitoring. 

While national forest inventories can provide a wider range of information, e.g. related also to the REDD+ 

safeguards, these guidelines focus primarily on the requirements to monitor forest carbon. 

General Guidelines  

Inventory must reflect institutional capacity 

- Create a vision and establish objectives for a long-term inventory  
- Create a permanent institutional setting for a long-term inventory requires  
- Build in-country forest inventory capacity and infrastructure 

 

Inventory must satisfy information needs 

- National and local level forestry and land use planning needs, and therefore the inventory should 
cover all land classes 

- International monitoring and reporting needs including REDD+ MRV, both strategic and operational 
needs as much as possible 

- Varying spatial and temporal resolution needs 
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- Accuracy requirements have to be determined for the most relevant attributes to be assessed when 
designing the inventory 

 

Inventory should exploit remote sensing (RS) data as auxiliary to field data. 

Design should be pre-evaluated by experts, including forest statisticians, to assure that it is feasible and will 

yield credible results. 

Analysis should consider how to produce annual estimates of C and ∆C, possibly as early as the first year 

following implementation. 

Inventory should be able to assess biomass ∆C from fellings. 

Inventory must be designed to achieve the desired allowable error estimates for the current state and 

change estimates, including change estimates for each carbon pool (aboveground biomass, belowground 

biomass, litter, soil, deadwood) at the national level.  

Analysis must permit statistically defensible assessment of uncertainty including all sources of variability, see 

section Recommendations (details follow). 

Inventory must permit assessment of quality assurance and control (verification). 

Recommendations  

Design should target repeated inventories, e.g., including permanent field plots from the start. 

Design should encompass a systematic layout of plot clusters (aligned or unaligned). 

Stratification is recommended to increase the efficiency of an inventory and to capture the estimates for the 

rare events. Two options for stratification are suggested, notably: 

- uniform systematic grid across the landscape followed by post-stratification, or 
- pre-stratification with varying systematic intensity 

 

There are trade-offs between these two options. Both pre- and post-strata boundaries will change over time. 

The statistical implications for analysis and inference differ between the two approaches, and at the 

planning stage it is crucial that these implications be understood so that inventory objectives with respect to 

∆C can be satisfied. 

The criteria that may be used for stratification (examples: accessibility; biogeographic region; landscape 

variability, etc.) will vary in importance by country and therefore it is expected that the selection of criteria 

will also vary by country. 

Inventory should appropriately consider the plot size & shape & geolocation 

- Geolocation is of utmost importance, mainly if linked to RS data for estimation 
- Single plot cluster can be measured in one day, on average (some difficult to access plot clusters may 

require more time) 
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- The choice of plot size and shape should take into account all practicality, statistical validity and 
efficiency  

- Empirical pilot study is recommended for the definition of size and shape also as training and 
capacity building 

 

Estimation of uncertainty in estimates of C and ΔC should take into account all the sources of variability.  

In this regard is the crucial matter of the basis for statistical inference, because the basis for inference 

may fundamentally affect how variance is assessed. The two most widely appreciated inferential bases 

are known as Design-based and Model-based. For purposes of REDD+ MRV we do NOT recommend a 

Bayesian framework for inference. Between the two choices – one based on the probability design of 

the inventory, the other based on a presumed model for the collected data – there lay substantial 

differences 

The assessment of the uncertainty of estimates resulting from the NFI may be further complicated 

because estimation may be model-based, or model-assisted, and estimation may encompass a 

combination of model- and design-based approaches. 

Nonetheless, estimation should take into account all the sources of variability, an abbreviated list of 

which include: 

- Design 
- Models, e.g. 

o Biomass models  

o Volume models 

o Link to RS data (see description of example, below) 

o Measurement and assessment error 

o Nonresponse (accessibility) 

 - RS for area estimation when applying the IPCC tier 1 and 2 approach. 

Example 

In general, all kinds of RS data providing auxiliary information could be used, i.e. optical satellite data, RADAR 

or LiDAR data. Suitable RS will vary over time and that is no problem as long as the accuracy of the final 

estimate can be calculated. Several examples linking inventory field data and optical satellite data exist. Also 

airborne LiDAR has been employed when linking LiDAR to field data, and accounting for sampling model 

variation in the process. Norwegian NFI plots were overflown to obtain height profiles of forest canopy on 

the plots as well the canopy between plots. Regression relationships using functions of the laser height data 

as the covariates were established for the various land cover categories. In Gregoire et al (2011, Model-

assisted estimation of biomass in a LiDAR sample survey in Hedmark county, Norway. Canadian Journal of 

Forest Research 41:83-95) a model-assisted design-based approach to estimate the variance of aboveground 

forest biomass was developed. In contrast, in Ståhl et al (2011, Model-based inference for biomass 

estimation in a LiDAR sample survey in Hedmark County, Norway. Canadian Journal of Forest Research 

41:96-107.) a model-based approach was developed. In a different setting, Baffetta et al (2011, Canadian 

Journal of Forest Research 41: 59-72) have used digital numbers from multispectral imagery for k-NN 

nonparametric design-based framework. The methods described in these articles illustrate the potential for 

lining RS data to NFI data for purposes of achieving REDD+ MRV mandates. 
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