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Foreword

The International Workshop on Sustainable Forest Management: Monitoring and
Verification of Greenhouse Gases was held in San Jose, Costa Rica, July 29-31,
1996. The main objectives of the workshop were to: (1) assemble key practitioners
of forestry greenhouse gas (GHG) or carbon offset projects, remote sensing of land
cover change, guidelines development, and the forest products certification
movement, to offer presentations and small group discussions on findings relevant
to the crucial need for the development of guidelines for monitoring and verifying
offset projects, and (2) disseminate the findings to interested carbon offset project
developers and forestry and climate change policy makers, who need guidance and
consistency of methods to reduce project transaction costs and increase probable
reliability of carbon benefits, at appropriate venues.

The workshop brought together about 45 participants from developed,
developing, and transition countries. The participants included researchers,
government officials, project developers, and staff from regional and international
agencies. Each shared his or her perspectives based on experience in the
development and use of methods for monitoring and verifying carbon flows from
forest areas and projects.

A shared sense among the participants was that methods for monitoring forestry
projects are well established, and the techniques are known and used extensively,
particularly in production forestry. Introducing climate change with its long-term
perspective is often in conflict with the shorter-term perspective of most forestry
projects and standard accounting principles. The resolution of these conflicts may
require national and international agreements among the affected parties. The
establishment of guidelines and protocols for better methods that are sensitive to
regional issues will be an important first step to increase the credibility of forestry
projects as viable mitigation options.

The workshop deliberations led to three primary outputs: (1) a Workshop
Statement in the JI Quarterly, September, 1996; (2) the publication of a series of
selected peer-reviewed technical papers from the workshop in a report of the
Lawrence Berkeley National Laboratory (LBNL 40501); and (3) a special issue of
the journal Mitigation and Adaptation Strategies for Global Change, Kluwer
Academic Publishers. The outputs will be distributed to practitioners in this field
and to negotiators attending the Framework Convention on Climate Change
(FCCC) deliberations leading up to the Third Conference of Parties in Kyoto, in
December 1997.
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EDITORIAL

Jayant Sathaye, Kenneth Andrasko,
Willy Makundi, Arturo Sanchez-Azofeifa and Beth Goidberg

With the increased recognition of the potentially beneficial role of forests in climate
change, there is growing interest in ensuring that forestry mitigation activities lead
to carbon sequestration, or reduced emissions, that are sustainable over the long
term. Traditional forestry has long required accounting of forest inventories, timber
management plans, and harvest off-take for timber production in silvicultural
systems, and of environmental benefits, such as reduced soil erosion. Climate
change mitigation imposes new demands on existing institutions to monitor the
associated carbon and other greenhouse gas (GHG) flows to ensure that these global
benefits are sustained.

Forestry mitigation activities may be classified into three categories; (1)
slowing deforestation and assisting regeneration, (2) forestation, including
plantations and agroforestry, and (3) fossil fuel substitution. Implementation of
these options requires many transactions, incurs administrative burdens, and
requires policy changes or implementation that have slowed the introduction and
penetration rate of earlier forestry projects. These barriers have raised concems
about the credibility of claims regarding the long-term sustainability of forestry
projects. Sathaye and Ravindranath discuss the types of monitoring that are
needed for each category of mitigation option.

The set of papers in this volume reflects two major scales of assessment: (1)
project-level methods as described in the comprehensive review paper by
MacDicken, and in papers by Ravindranath and Bhat, De Jong et al., and
Pinard and Putz, and (2) top-down remote sensing of land cover change at
national or regional scales, usually done using stratified sampling, such as that
described in the paper by Sanchez-Azofeifa, Skole and Chomentowsky. The
former include simple least-cost/least-precision methods, remote sensing, periodic
carbon inventories, and traditional research methods. MacDicken suggests that
carbon inventories are to be preferred since they are cost-effective, provide
measurements with known levels of precision, and allow monitoring of other
values such as biodiversity and commercial timber volumes.

The two types of methods can have very different applications. National or
regional scale monitoring is important to determine the base-year inventory of
forest stock, but it is also essential to check for leakage from a project (i.e., the
shifting of activities with GHG implications outside the project boundaries).
Project-level methods, on the other hand, are important for assessing the carbon
and other benefits of climate change projects, particularly those whose activities are
being jointly implemented under the Activities Implemented Jointly (AL)) pilot
phase of the FCCC. During the pilot phase, participating countries are not
exchanging credits for the carbon benefits of a project. However, a full-scale joint
implementation program may require the transfer of GHG benefits from developing
or transition countries to industrialized countries providing funding in return for
credits. Adequate and verifiable monitoring of this exchange will be necessary to
ensure that each government receives its fair share of the claimed benefit.



Forestry projects store carbon in soil, above- and below-ground vegetation, and
wood products, whose fate is difficult to track and may cross national boundaries.
This was one of the key topics of the discussions at the workshop. The working
groups noted that the current Intergovernmental Panel on Climate Change (IPCC)
methodology does not account for the movement of carbon in wood products
across countries. As Marland, Schlamadinger, and Canella point out, it is not
easy to track the fate of products across national boundaries, particularly if one is to
track the amount and type of fossil fuel that would be displaced through their use.
Tracking of fossil fuel displacement is important since the indirect carbon benefits
from such substitution can be two or three times the direct benefits of carbon
sequestration of a project.

The ecological and socio-economic benefits of forest management projects are
likely to be the primary reason for many developers or governments to pursue
them. Sustenance of joint or multiple benefits may become an essential feature of
such projects. This raises an important issue as to what should be monitored in
projects to sequester carbon or reduce emissions. Should the monitoring be
confined to carbon flows, and perhaps other greenhouse gases, or should it be
broader and cover ecological and socio-economic aspects critical to the
sustainability of these projects? Makundi describes the efforts to create sustainable
forestry projects, which requires adherence to criteria that include all these aspects.
Providing a single definition of sustainability, however, has proven difficult, and
each proponent appears to have a different notion depending on the discipline or
group he/she represents. Makundi cites several examples of guidelines/protocols
that have been developed for sustainable forestry. None of these appears to satisfy
the demands of a protocol for forestry and climate change. One of the protocols has
been set forth by the International Tropical Timber Organization (ITTO), which
calls for a distinction to be made between certified timber that is harvested from
forests/plantations, where sustainable practices are employed, and other types. Van
Soest and Jepma explore the relationship between the timber certification market
and climate change. They suggest that merely monitoring timber production at the
micro- or project-scale is not sufficient to maintain tropical forests if no macro-
conditions or guidelines are attached to the certification process to detect and avoid
leakage. In a similar vein, Fearnside points to the fickleness of government policy
in sustaining project benefits. Citing the example of Brazil, he argues that
government policies ought to be the primary target for monitoring rather than
project-specific activities.

Several papers provide excellent examples of specific methods that are being
used to monitor carbon flows in forestry projects. In this regard, the paper by
Pinard and Putz is particularly instructive. It describes the research approach to
monitoring carbon sequestration benefits from reduced-impact logging in Malaysia,
based on a project that is being financed by New England Electric Systems (NEES)
and a consortium of US-based utility companies, Utilitree. Ravindranath and
Bhat describe the approach they are using for monitoring a forestry project in the
Western Ghat region in India. The paper points out that the costs of monitoring
the project’s performance, including carbon flows, are about 10% of the total costs
of the project. Despite the small share of the cost, there is little documented
evidence of monitoring efforts in forestry projects to date in India. De Jong,
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Tipper and Taylor present a self-reporting system with on-the-spot checks for
monitoring and evaluation of a widely dispersed, small plot farm forestry project in
Chiapas, Mexico. The system is expected to be inexpensive, but more
importantly, it will give farmers an understanding of the carbon service they will
be providing.

To what extent can project-, stand-, or site-specific data be extrapolated to
represent regional or national values for the amount of carbon stored in forests?
This issue is pertinent to the climate change debate since each country is required
by the FCCC to prepare an inventory of its GHG flows for a base year. To date,
most countries have produced inventories for 1990. Hamburg et al. point out that
their analysis of forest-stand-specific data on carbon storage for Russia yields
allometric equations which provide reasonably accurate estimates of forest carbon,
potentially allowing the use of allometric methods with known accuracies when
local project data are scarce. Greenough, Apps and Kurz’s evaluation of carbon
inventory for Canada using seven alternative procedures yields results that make
Canadian forests a substantial sink or a significant source of emissions, depending
on the procedure used. The authors suggest that the IPCC procedure provides
inadequate coverage by focusing only on emissions associated with human
activities, and that the monitoring of natural fluxes, including forest fires, which
vary considerably by region and year, particularly in the unmanaged areas of
Canadian forests, is critical to providing a more accurate estimate of carbon flux
from forests.

In summary, the workshop participants suggested that monitoring activities are
routinely carried out by forestry-project implementers, and that including the
monitoring of carbon flows is not by itself a difficult or expensive task. Well-
known techniques for monitoring are available and have been used in production
forestry. Having said this, the participants emphasized that there are many issues
particular to climate change which need better resolution:

(1)  The determination of project and national baselines and whether the project
ones should be revisited on a regular basis after the start of the project;

(2)  Who, the nation or the developer, should assume responsibility for carbon
benefits over the long term, if a developer’s abandonment of a project results
in the stored carbon being emitted? Agreements between the developer and
the national government, and among Parties to the FCCC are needed to
resolve these issues;

(3)  The establishment of adequate verification systems to ensure that carbon
benefits are sustained; and

(4) The establishment of a protocol for monitoring and verification, which
would ensure that the regional differences in regulatory, institutional, and
other concerns are adequately addressed.

The following Workshop Summary Statement and the articles contained in this
report provide a more detailed discussion of these issues.
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INTERNATIONAL WORKSHOP ON SUSTAINABLE FORESTRY
MANAGEMENT: MONITORING AND VERIFICATION OF
GREENHOUSE GASES

SUMMARY STATEMENT
Edited by

Jayant Sathaye, Willy Makundi, and Beth Goldberg
Lawrence Berkeley National Laboratory, Berkeley, California, USA

Kenneth Andrasko
U.S. Initiative on Joint Implementation, Secretariat
U.S. Environmental Protection Agency, Washington, D.C., USA

Arturo Sanchez
University of Costa Rica, San Jose, Costa Rica

In addition to presenting their papers, workshop attendees shared experiences
concerning the development and monitoring of regional and national forestry
projects, through their participation in one of two working group sessions. The
discussions focused on institutional, economic, methodological, and data
availability problems. Group 1 concentrated on data collection and methods for
monitoring and verifying GHG flows, while Group 2 discussed the key
institutional issues associated with monitoring and verification. Within their focus
areas, both groups addressed the questions of what should be monitored, how
should monitoring and verification be done, and how can leakages be managed.

The main findings of the working groups were

1. Proven methods exist for the monitoring of GHG flows and carbon stocks in
forestry. Monitoring programs can be designed to provide credibility to
forestry carbon offset projects. The effectiveness, cost, and reliability of
methods vary by type of project, scale, and the fluxes being monitored.

2. Monitoring should focus on all significant carbon pools or GHG fluxes that are
vulnerable to significant change. This should apply to leakages and secondary
benefits as well.

3. All forestry sector GHG mitigation projects must ensure that they meet
accepted standards for sustainable forest management.

4. As a mitigation option, forest sector activities serve primarily to delay the
release of carbon stocks to the atmosphere. Wood harvested from sustainable
forests, when used to substitute for fossil fuels and fuel-intensive products,
may significantly multiply carbon benefits.

5. Project developers expect carbon credits for limited duration forestry projects,
in which the fate of carbon after the project is over is unknown. This
expectation conflicts with the need to maintain carbon stock in perpetuity.



Resolution of the conflict is an important challenge for project participants,
national governments, and the international community.

6. A without-project baseline (reference case) must be established for estimating
future C benefits from a project. Due to the long duration of forestry projects
(in comparison to most energy and other projects), the estimated baseline may
be amenable to periodic revision on the basis of new data and information
monitored from control plots or gathered from other sources.

7. Monitoring is the primary responsibility of the project implementers, and
should satisfy appropriate professional standards. Verification should be carried
out by external third-party auditors.

The working group summary statements provide additional detail on these and
other issues that were discussed at the workshop.

GROUP 1 — DATA AND METHODS”

The discussion of Working Group 1 focused on data collection and monitoring and
verification methods for mitigating greenhouse gas emissions through individual
and national forestry projects and policies.

INDIVIDUAL PROJECT-LEVEL MONITORING AND VERIFICATION PROGRAMS

Monitoring programs should be designed to measure all significant carbon flows
associated with a project. A verification program should be aimed at evaluating the
accuracy and reliability of the monitoring program. Project participants should
decide who will monitor, what will be monitored, and how the flows will be
monitored based on their best understanding of the implications of the project and
appropriate professional standards; verification should be done by professionals that
are independent of the project.

To ensure that forestry projects used for GHG mitigation are of high quality and
are effective at sequestering carbon, guidelines are needed that provide structure and
direction to project developers. These guidelines need to be flexible so that they
are broadly applicable and do not discourage innovative approaches.

* Co-chairs for Working Group | arc Steve Hamburg, Brown University, Providence, Rhode Island,
United States; Michcllc Pinard, University of Aberdeen, Aberdeen, United Kingdom. Participants
included Mike Apps, Forestry Canada, Northern Forestry Center, Edmonton, Alberta, Canada; Xavicr
Baulics, Cartographic Institute of Catalonia, Barcelona, Spain; Salvadurai Dayanandan, University of
Massachusetts, Boston, Massachusetts, United States; Arturo Sanchcz, Central American Project on
Climate Change, San Jose, Costa Rica; Ben De Jong, ECOSUR, San Cristobal, Mexico; David Skole,
University of New Hampshire, IGBP-LUCC, United States; Philip Fearnside, Institute Jfor Research in
the Amazon, Manaus, Brazil; Willic Makundi, Lawrence Berkeley National Laboratory, Berkeley,
California, USA.



WHAT SHOULD BE MONITORED?

All significant carbon pools that are vulnerable to significant change should be
monitored. A three-dimensional matrix illustrates a procedure for ranking carbon
pools according to their significance (size of pool), vulnerability (rate of change),
and direction of change (Figure 1). Changes that are directly related to project
activities should be the focus of monitoring efforts, but changes in all potentially
important carbon pools need to be evaluated. For example, a pool that is relatively
small and unlikely to change would not be important to monitor. Alternately, a
pool that is relatively large and likely to change would be important to monitor.
For potentially important pools (i.c., large pools that change slowly or small
pools that change quickly), the direction of the change should be determined. If the
change is expected to be positive, the project should not be required to monitor the
pool. However, if the change is expected to be negative, the pool should be
monitored. Only pools that are monitored can be included in any claim for carbon
credits. All decisions about what pools to monitor should be conservative. If there
is any doubt about the direction of change of a pool it needs to be monitored. The
scientific literature provides good evidence for the direction of change associated
with many pools and project types, but not all. If reliable data are not available the
pool needs to be monitored.

Figure 1. A matrix for identifying the carbon pools that arc important to monitor in forestry projects
developed to mitigate climate change. Pools that arc important to monitor, or not important to monitor,
can be identificd based on their significance (sizc of pool) and vulncrability (ratc of changc). Pools
that arc possibly important to monitor, bascd on significancc and vulnerability, can be further
cvaluated bascd on the anticipated dircction of change in the carbon pool. If, bascd on credible
evidence, the pool is cxpected to gain carbon over time (+), monitoring is discrctionary. If the pool is
expected to losc carbon over time (-), monitoring is important.
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The carbon pools listed in Table 1 represent those pools most likely to be
affected by a forestry project. Forestry projects that involve a harvest of products
should evaluate the fate of the carbon in the products for its potential influence on
the overall carbon balance of the project. Furthermore, for projects that include use
of biomass burning as an energy source, there needs tc be a complete energy
balance for the project, to ensure that any crediting for fossil fuel displacement is
valid. The calculations need to be made during the development phase of a project.
In any given project, only a subset of the pools listed may require monitoring
(based on scheme outlined above, Figure 1). However, during project proposal
development, every project should consider all of the pools and present a
justification for their proposed monitoring program that includes an evaluation of
each of the pools.

Table 1. Carbon pools to be cvaluated for their significance (i.c., pool size) and vulncrability (i.c.,
ratc of change) in rclation to proposcd forestry projects.

Phytomass: abovc- and below-ground biomass

Neccromass: woody dcbris, standing dcad trecs, litter

Soil carbon: organic, mincral

Forcst products: timber and/or non-timber products

Encrgy: particularly if biomass burning is part of thc proposcd project

How SHOULD THE POOLS BE MONITORED?

Monitoring protocols should be set at the professional standards that are
appropriate for the region. Decisions about appropriate methodology should be
based on the relative importance of the individual pools (i.e., their significance,
vulnerability to change, and direction of change). The intensity of the monitoring
should relate to a scale appropriate for the project, appropriate both in time and
space, with consideration of the rate of change in important carbon pools.
Therefore, for any given project, not all variables would be measured at the same
level of precision, nor on the same temporal scale. Financial investment in
monitoring will generally reflect the relative importance of the pools.

LEAKAGE

Leakage or secondary effects that influence the project's overall carbon balance
should be addressed at the project level. Some leakage issues, however, are beyond
the scope of any individual project. For example, complex social issues may be
addressed at the national level. Definition of project boundaries is important for
determining which carbon fluxes are the responsibility of the project and which fall
outside the project.

Individual forestry projects need to be set in the national context. The linkage
between projects and national reporting is essential, not only for addressing leakage
issues but also for evaluating the relative importance of individual projects and, in
some cases in defining the project baseline. By referencing individual projects to



the national carbon balance, perspective may be gained for evaluating the
credibility of individual projects.

COUNTRY-LEVEL MONITORING AND VERIFICATION PROGRAMS .

The discussion of data collection and monitoring and verification methods
appropriate for national programs identified the following components of any
program: area stratification, area change, stocks of carbon, and changes in stocks
over time. Accuracy assessment was identified as important but was not discussed
due to lack of time.

Area stratification provides the baseline condition or land-use classification. For
establishing the baseline, the data may be geo-referenced or aggregated. It was
recognized that the availability of data is highly variable across the globe, as is the
reliability of these data.

Area change refers to an area per unit time that is changing either in its
classification or changing within its class in terms of carbon stocks. Again, the
data available for establishing area change may be static or geo-referenced. Land-use
classes or types of disturbance that are potentially important are agricultural land
(considering crop types and intensity), forestry lands (by type of activity and
intensity), natural disturbances (e.g., fire, blowdowns, floods), afforestation and
reclamation of degraded lands, and urbanization (permanent loss of biotic cover).
Because transitions between land-use classes or categories are not necessarily
equivalent, in terms of changes in carbon stocks, the monitoring of area change
requires not only total area changing but also the rate of change between different
categories.

Types of data available for indicating cover or area change include remote
sensing with high resolution data, archival data, and fire detection data. Remote-
sensing data (e.g., LANDSAT and SPOT) may be useful for estimates of
deforestation rates. Limitations of remote sensing data include: (1) the quality of
the data varies spatially (e.g., cloud cover in the tropics); (2) although these data
may be useful for identifying general land-use classes, the subclassifications within
the general need to be verified regionally, and often cannot be differentiated; and,
(3) the variation within land use classes or categories may be as great or greater
than among classes. Archival data may be useful for estimating change in
agricultural or forest cover but often these data are inaccurate and are not
standardized. Also, some countries have access to remote sensing data specifically
developed for detecting fires.

Stocks of carbon that are significant to monitor should be evaluated on a
hierarchical scheme as was considered appropriate at the project level. The pools
that may be relevant to monitor may be the same as were identified in Table I.
Forestry inventory data, country studies sponsored by the EPA, and data sets
compiled by the FAO, are potentially useful for estimating biomass. For
agricultural areas, some universal data are available for biomass. For non-tree
crops, soil carbon may be the most significant pool. Several soil pedon data sets
are currently available and potentially useful (e.g., ISRIC, USDA, FAO, ZINKE).
Because land-use change may influence soil-bulk density, a standard mass, rather
than a standard depth, may be preferable for estimates of soil carbon.



Within land-use classes or categories, estimates are needed of changes in carbon
stocks over time (e.g., carbon sequestration rates in secondary forests). Measuring
change as an increment may be preferable to measuring change as the difference
between estimates of stores at two points in time. The advantage of using
increments would be more apparent when large errors are associated with the
estimates of stocks.

Methodologies for estimating land- use change and associated changes in
carbon stores over time are not yet well-integrated. National assessments are
dependent on temporal data. Technologies for collecting the data vary over time
and the utility of any particular methodology varies regionally. Because the
available data sets for countries will range from very good to extremely poor, it
was suggested that if minimum data requirements could be established, individual
countries whose existing data sets fall below the minimum requirement may be
assisted by GEF money in order to raise their standard to the minimum

GROUP 2 — INSTITUTIONAL ISSUES"

GENERAL OBSERVATIONS

Considerable skepticism surrounds AlJ-forestry projects. Some fear these projects
may harm the interests of local populations, while others suspect they may be
based on non-sustainable forest-management practices, or that the causes of
emissions (e.g., due to deforestation) are shifted rather than reduced. These fears
reinforce the need for a monitoring and verification system that addresses these
concems.

Until now, reporting on AlJ pilot projects has shown that the monitoring
process still needs improvement beyond developing a common format of reporting.
Such an improvement is required before the system can be considered ready for a
full-blown crediting regime.

Given the desire to keep AlJ project transaction costs under control, however,
the impression emerges that the methods needed for baseline determination and
monitoring have been largely developed in order to (if properly combined) allow
for an acceptable monitoring process. This is not withstanding the fact that the

* Chair for Working Group 2 is Catrinus Jepma, Department of General Economics, University of
Groningen Groningen, The Netherlands. Participants included Jayant Sathaye, Lawrence Berkeley
National Laboratory, Berkeley, California, United States; Daan Van Socst, Department of General
Economics, University of Groningen, Groningen, The Netherlands; Gregg Marland, Oak Ridge
National Laboratory, Oak Ridge, Tennessee, United States; Nocl Cutright, Wisconsin Electric, United
States; Ken MacDicken, Winrock International, Snohomish, Washington, United States; Tom Sullivan,
New England Power Service, United States: Lisa Carter, Climate Policy And Programs Division,
USEPA; K.D. Singh, United Nations Food and Agriculture Organization:  Mariclos Alfaro,
FUNDECOR, San Jose, Costa Rica, Stcve Petriconc and Franz Tattenbach, OCIC, San Jose, Costu
Rica



methodologies will undoubtedly continue to improve as the establishment of the
AlJ regime progresses.

WHAT SHOULD BE MONITORED?

Monitoring requirements will depend on the type of forestry project. If the project
is based on a nationwide sustainable forest-management program aimed at slowing
the overall deforestation/forest degradation process — rather than a small and
overseeable forestry project — a much wider assessment framework, based on
sectoral and even multi-sectoral analysis, will be required.

Monitoring should take into account the direct carbon changes in the above-
and below-ground vegetation, soil, and litter, according to standardized assessment
procedures. Monitoring should also address the project's implications with regard
to other GHGs. In all cases, leakages have to be taken into account, both in
designing the baseline and in the subsequent monitoring activities, to determine
the complete carbon impact of the project.

Leakages can be either negative (e.g., encroachment shifting to an area outside
the project area) or positive (e.g., employment created for people outside the
project area, who otherwise would have destroyed the forest). If the AlJ project has
aregional or even a national scope, leakages should be taken into account during
the planning phase and incorporated in the baseline and mitigation scenarios, if
possible. If such leakages were unforeseen and are significant, they should be
considered within the project evaluation and revision mechanism.

Monitoring should be periodic during the lifetime of a project. The monitoring
process should include not only direct measurements, but also check that the
agreed upon procedures are properly followed.

In the case of broad or even nationwide AlJ programs, monitoring should focus
on the overall impact of the program. In such cases, clear rules with regard to
monitoring cannot be specified beforehand, but should be worked out on a case-by-
case basis.

There is a need to integrate nationwide forest resources-monitoring techniques
with those for national forest products inventories so that sources and sinks can be
related on a reliable basis. Past experience indicates that the two types of
accounting (viz., resources and products) often cannot be balanced.

If the ALJ project involves forest exploitation such as harvesting of timber, the
assignment of credit or responsibility for the carbon in products remains complex.
The group suggests that the carbon in products should be handled in a manner that
is consistent with how the IPCC addresses forest products in the national
inventories methodology.

HOw TO MONITOR?

The number of credits attached annually to the carbon performance of a project
for a given year depends on (a) the specification of the baseline preceding the
project, and (b) the actual project performance.

Similar methodologies should be used to develop baselines for similar types of
projects.



For instance, the projection of the deforestation rate without the project should
employ a similar method across similar projects. Many of the relevant
methodologies have already been applied in the various pilot projects, but
consensus is needed regarding how advanced the required methodology should be.
In deciding on this, a proper balance has to be found between scientifically sound
and relatively cost-effective methods.

If investor and host have agreed upon the project baseline, and it has been
formally approved via the project approval procedure, the parties should be
confident that the baseline, and particularly the baseline's fundamental
assumptions, cannot easily be altered. A lack of such confidence might hamper
investment. Therefore a procedure needs to be designed which describes exactly
how often (for example, every 10 years) and through what process, one can
conclude that the project baseline needs adjustment. How often the baseline is
reviewed for adjustment might depend on the type and lifetime of the project. An
adjustment can be either increase or decrease the amount of credits vis-a-vis the
earlier stage.

The baseline will be established in the year of the investment decision. If a
project is expanded after several years, the new element of the project will be based
on an updated baseline projection.

If the monitoring process shows that the project is performing below
expectations, there will be correspondingly fewer credits, even if the under-
performance was the result of factors beyond the parties’ control. In the latter case it
is up to the parties involved to determine how they take measures to carry and
distribute the risks. If the project performance is less than the baseline, credits need
to be reimbursed.

THE ASSESSMENT OF LEAKAGES

Leakage assessment is crucial to any credible baseline establishment and
monitoring/verification system. Without involving leakages All may well be
criticized as creating biased outcomes. The measurement of leakages will, for
instance, need to involve the analysis of economic and mobility characteristics of
people living in and around the project area.

DURATION OF THE FORESTRY PROJECTS

Most forestry projects have a relatively long duration. However, since credits are,
in principle, disbursed annually because they compensate for annual carbon storage
services, discounting is not really an issue. As time proceeds, the monetary value
of credits may change depending on the changes in the market conditions.

As soon as the project has been finalized, the investor is no longer responsible
for what happens with the former project's forests. For instance, if the host country
destroys the forest shortly after the project's end, the investor cannot formally be
held responsible if it no longer has any GHG emission-reduction obligations
(although special “opt-in conditions” for non-Annex I countries may be established
by the UNFCCC as a prerequisite for AlJ participation). In order to evaluate the
extent to which countries behave responsibly with respect to their forest resources,



national forest management reports should be developed for all countries that wish
to participate in the AIJ pilot phase . These reports may, over time, have policy
implications in the UNFCCC context. It is also likely that the parties may have a
contractual agreement relating to the fate of the biomass with regard to
reconstitution as a new AlJ project, etc.

Investors can start AlJ projects in any host country with which they can reach
an agreement, regardless of whether the host country carries out a sustainable forest
management policy. However, AlJ projects can only be carried out if the project's
execution does not conflict with the principles of sustainable forest management. In
other words, an AlJ project should not significantly contravene accepted principles
of sustainable forest management relevant to the type of project. It should be the
responsibility of host and investor to agree on this conformity except where a
blatant disregard of good resource stewardship is evident by other interested
parties. In such cases, the FCCC Secretariat may have a say on the viability of the
venture as an AlJ-project.

MONITORING AND VERIFICATION

It is yet to be determined if and how the AIJ monitoring process of sustainability
aspects can be harmonized with timber certification monitoring which is conducted
according to the ITTO criteria for sustainable timber management.

It is up to the parties involved in a particular AlJ project to determine if they
want to share credits and, if so, how.

Baseline negotiations, the proposed evaluation of the annual credits, and the
monitoring of project performance can be carried out by a monitoring team attached
to a particular project and consisting of host and investor countries' representatives
with proven reputation. A neutral party may also be included if desired.

Project reports should be sent to both the host and investor governments for
review and compilation before information on AlJ is submitted to the FCCC
Secretariat, according to the official guidelines of the AlJ-pilot phase.

An independent international verification team should collect and evaluate the
national reports on behalf of the FCCC Secretariat and give final approval. (When
an AlJ project takes place between two Annex I countries, verification may, under
some circumstances, not be needed at the project level. It might focus only on
verifying the adjustment of national inventories to reflect GHG reduced as a result
of AIl.) In the case of projects between Annex I and non-Annex I parties,
verification should review baseline assessments, monitoring procedures and credits
attached to the projects. The frequency and extent of this verification will depend
on the project characteristics, such as the age of the project.

To increase the confidence in the verifying process, the FCCC may have to set
up a sound verification procedure and have the verifiers that are well trained for this
type of work. This will reduce the need and the cost of frequent verification. These
verifiers may be chosen by project participants, national governments or the FCCC
secretariat from a list of private firms pre-approved by the FCCC Secretariat for AlJ
verification work.

A feedback mechanism between monitoring, verification and the Secretariat
(certification) should be established so as to increase the proficiency and cost



effectiveness of credit certification. Capacity building‘for internal monitoring may
be imbedded in the project or in the mitigation policy in case of a wider ALl

program.
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Abstract. Forest sector mitigation options can be grouped into three categories: (1) management for
carbon (C) conservation, (2) management for C storage, and (3) management for C substitution. The
paper provides background information on the technical potential for C conservation and
sequestration worldwide and the average costs of achieving it. It reviews policy measures that have
been successfully applied at regional and project levels toward the reduction of atmospheric
greenhouse gases. It also describes both national programs and jointly implemented international
activities. The monitoring methods, and the items to monitor, differ across these categories. Remote
sensing is a good approach for the monitoring of C conservation, but not for C substitution, which
requires estimation of the fossil fuels that would be displaced and the continued monitoring of
electricity generation sources. C storage, on the other hand, includes C in products which may be
traded internationally. Their monitoring will require that bi- or multi-lateral protocols be set up for this

purpose.
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1. Introduction

Forests constitute both a sink and source of atmospheric CO,. Forests absorb
carbon through photosynthesis but emit carbon because of the burning of trees due
to anthropogenic and natural causes and through respiration and decomposition.
Managing forests and forest products to retain and increase their stored carbon, and
to use wood products as a fossil-fuel substitute, will help to reduce the increase in
atmospheric CO; and stabilize climate change. The monitoring of the flows of
greenhouse gases (GHGs) and stocks of carbon is an important issue that deserves
increasing attention as the Framework Convention on Climate Change (FCCC)
evolves into a protocol for reducing GHGs across nations. In this paper, we report
on the national forest policies and measures, and international projects and
programs, that may be successfully pursued to reduce net GHG emissions and the
issues surrounding their monitoring and verification.

Forests currently cover about 3.4 Gha (Gha = 109 ha) (FAO, 1995). Fifty-two
percent of the forests are in the low latitudes (approximately 0-25 N and S
latitude), followed by 30% in the high latitudes (approximately 50-75 N and S
latitude) and 18% in the mid latitudes (approximately 25-50 N and S latitude).
The world's forests store large quantities of carbon, with an estimated 340 Pg C (1
Pg = 10" g = 1 Gigatonne) in vegetation, live and dead above- and below-ground,
and 620 Pg C in soil, mineral soil plus O horizon. An unknown quantity of C is
also stored in wood products, buildings, furniture, paper, etc. Mid- and high-
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latitude forests are currently estimated to be a net C sink of about 0.7 + 0.2 Pg
C/yr. Low-latitude forests are estimated to be a net C source of 1.6 + 0.4 Pg C/yr
(Brown, Sathaye, Cannell and Kauppi, 1996) caused mostly by clearing and
degradation of forests. These estimates may be compared with the C release from
fossil fuel combustion, which is estimated at 5.5 + 0.2 Pg C/yr for a comparable
period, and is now past 6.0 Pg C/yr.

2. Technical Potential and Cost of Carbon Mitigation

Forest management practices that can restrain the rate of increase in atmospheric
CO; can be grouped into three categories: (1) management for C conservation, (2)
management for C storage, and (3) management for C substitution. Conservatior.
measures include options such as controlling deforestation, protecting forests in
reserves, changing harvesting regimes, and controlling other anthropogenic
disturbances, such as fire and pest outbreaks. Storage measures include expanding
forest ecosystems by increasing the area, and/or biomass and soil C density, of
natural and plantation forests and increasing storage in durable wood products.
Substitution measures aim at increasing the transfer of forest biomass C into
products rather than using fossil-fuel-based energy and products, cement-based
products, and other non-wood building materials.

Monitoring and verification requirements are quite different for each type of
option. Conservation measures will require the monitoring of a designated area
under threat of deforestation within a country, where leakage is likely to be of big
concern. Storage measures, on the other hand, may involve the export of products
across countries. Monitoring of carbon stored in these will be difficult, and no
procedure exists at the moment for monitoring carbon stock in products that span
international boundaries and might last over decades. Substitution measures
require that the quantity of displaced fossil fuel be estimated. This estimation is
similar to that encountered in energy efficiency and renewable energy projects that
displace fossil fuel. Estimation and monitoring methods for these can range from
simple to very complex and expensive ones.

The potential land area available for the implementation of forest management
options for C conservation and sequestration is a function of the technical
suitability of the land to grow trees and the actual availability as constrained by
socioeconomic circumstances. Globally 700 M ha of land might be available for C
conservation and sequestration, 345 M ha for plantations and production forestry,
138 M ha for slowed tropical deforestation, and 217 M ha for natural and assisted
regeneration (Nilsson and Schopfhauser, 1995 and Trexler and Haugen, 1995).
Table 1 provides an estimate of global potential to conserve and sequester carbon
based on the above studies. The tropics (0-25 degree N and S latitudes) have the
potential to conserve and sequester by far the largest quantity of C (80%), followed
by the temperate zone (25-50 degrees N and S latitudes) (17%) and the boreal zone
(3%) only. Natural and assisted regeneration and slowing deforestation account for
more than half the tropical amount. Forestation and agroforestry contribute less
than half of the tropical total sink, but without them regeneration and slowing
deforestation would be highly unlikely (Trexler and Haugen, 1995).
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Scenarios show that annual rates of C conservation and sequestration from all
the aforementioned practices increase over time. Carbon savings from slowed
deforestation and regeneration initially are the highest, but from 2020 onwards,
when plantations reach their maximum C accretion, they would sequester
practically identical amounts as slowed deforestation and regeneration (Figure 1).
On a global scale, forests turn from a global source to a sink by about 2010 as
tropical deforestation is offset by C conserved and sequestered in all zones.

Using the mean establishment or first costs for individual options by latitudinal
region (Brown, Sathaye, Cannell and Kauppi, et al. 1996), the cumulative cost
(undiscounted) for conserving and sequestering the quantity of C shown in Table 1
for the same scenario, ranges from $250 billion to $300 billion at an average unit
cost ranging from $3.7 to $4.6 per Mg C. Average unit cost decreases with more C
conserved by slowing deforestation and regeneration as these are the lowest cost
options. At an annual discount rate of 3%, these costs fall to $77-99 billion and
the average unit cost to $1.2-1.4 per Mg C. Land costs, the costs of establishing
infrastructure, protective fencing, education, and training tend to be excluded and
are not included in these cost estimates.

While the uncertainty in the estimates is likely to be high, the trends across
options and latitudes appear to be sound. The factors causing uncertainty are the
estimated land availability for forestation projects and regeneration programs, the
rate at which tropical deforestation can be actually reduced and the amount of C
that can be conserved and sequestered in tropical forests. In summary, policies
aimed at promoting all the mitigation measures in the tropical zone are likely to
have the largest payoff, given the significant potential for C conservation and
sequestration in tropical forests. Those aimed at forestation in the temperate zone
will also be important.

Table 1 does not include the costs of monitoring and verification for each type
of option. Costs for monitoring of forestation projects have been estimated to be of
the order of 10% (Ravindranath and Bhat, 1997 in this issue), which would
amount to about US $28 billion. Monitoring the policies and measures to slow
deforestation is more complex in that it may require the implementation of region-
wide policies with both monetary and other costs associated with it. Feamside
(1997) for instance discusses that both carbon stock/flow and policies need to be
monitored in order to ensure that appropriate policies are sustained over long time
periods.

3. Policies, Programs, and Projects for Managing Forests for C Conservation
and Sequestration

Forest management measures with the largest potential for C conservation and
sequestration range (in declining order of importance) range from slowing
deforestation and assisting regeneration in the tropics to forestation schemes and
agroforestry in tropical and temperate zones (Table 2). To the extent the forestation
schemes yield wood which can substitute for fossil-fuel-based material and energy,
their C benefit will be multiplied. We examine the policies measures relevant to
the implementation of each type of measure below.
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Figure 1. Average annual rates of carbon conservation and sequestration

Table 1. Global C that could be sequestered and conserved and related costs between 1995-2050

m 03] 3) @, )]
Latitudinal Measure C sequestered or Cost Total cost
Zone conserved (Pg) (US $/Mg C) (10° US$)++
High Forestation 24 8 (3-27) 17
Mid Forestation 11.8 6 (1-29) 60
Agroforestry 0.7 5 3
Low Forestation 16.4 7 (3-26) 97
Agroforestry 6.3 5(2-12) 27
Regeneration 11.5 - 28.7 2(1-2) o
Slowing 10.8 -20.8 2 (0.5-15) 44-97
deforestation
Total 60 - 87 3.7-4.6 250-300

Notes:

*  Includes above- and below-ground vegetation, soil and litter C.

+ Establishment or first cost (undiscounted). Average of estimates reported in the literature. Most
estimates do not include land, infrastructure, protective fencing, education, and training costs.
Figures in parenthesis indicate the range of cost estimates.

++ Cost figures in Col. 4 are per tonne of vegetation carbon. Total costs (Col. 5) are thus lower than
the figure obtained by multiplying t C in column 3 by $/t C in column 4.

** For slowing deforestation and regeneration combined.

Source: Brown, Sathaye, Cannell and Kauppi (1996)



3.1 SLOWING DEFORESTATION AND ASSISTING REGENERATION

The causes of deforestation range from clearing of forest land for agriculture, mineral
extraction, and hydro-reservoirs to degradation of forests for fuel wood. Land
cleared for agriculture may eventually lose its fertility and become suitable only as
range land. Various socioeconomic and political pressures, often brought about by
the needs of rising marginal populations living at subsistence levels is a principle
factor causing deforestation in the tropics.

Both forest-related and indirect, non-forest, policies have contributed to
deforestation. These include short-duration contracts that specify annually harvested
amounts and poor harvesting methods which encourage contractors to log without
considering the concession’s sustainability and also a royalty structure that
provides the government with too little revenue to permit adequate reforestation in
order to arrest forest degradation after harvesting (Gillis and Repetto, 1988). Non-
forest policies, which lead to direct physical intrusion of natural forests, are a prime
cause of deforestation. These may include land tenure policies that assign property
rights over forest lands to private individuals, settlement programs for farmers
living in marginal areas, investments promoting dams and mining, and tax credits
or deductions for cattle ranching.

Table 2 shows the policies, programs and projects (PPP) whose successful
implementation would slow deforestation and assist regeneration of biomass. Each
of these will conserve biomass, which is likely to have a high C density, and will
maintain or improve the current biodiversity, soil and watershed benefits. The
capital costs of these PPP are low, except in the case of recycled wood, where the
capital cost depends on the product being recycled. The first two policies are likely
to reduce sectoral (agricultural) employment as deforestation is curtailed. The
elimination of subsidies, however, may create jobs elsewhere in the economy to
offset this loss. Sustainable forest management has the potential to create economic
activity and employment on a sustained basis. The implementation of a forest
conservation legislation requires strong political support and may incur a high
administrative burden. Removing subsidies may run into strong opposition from
vested interests. Jointly implemented projects are slow to take off as the perceived
transaction costs are high and financing is difficult to obtain where C sequestration
is the main benefit. While sustainable forest management is politically attractive,
its implementation requires local participation, the establishment of land tenure
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and rights, addressing equity issues, and the development of institutional
mechanisms to value scarcity; all of which may incur higher administrative costs.

Monitoring of these measures to slow deforestation can be done either at a site
or a regional level. Regional level monitoring has the advantage of being able to
detect leakages from one deforested site to another potential one. Leakage may
oceur as deforesters move to other sites to pursue farming or other goals. Remote
sensing can be expensive since it requires the analysis of satellite images over time
accompanied by ground-truthing. Although the cost of satellite images 1is
beginning to decline, some appropriate sampling technique, geographically
stratified one for example, is necessary to reduce the required time and effort.

Although reducing deforestation rates in the tropics may appear to be difficult,
the potential for significant reduction is high (Trexler and Haugen, 1995), and
India is an example where the government has adopted explicit policies to halt
further deforestation.

Since 1980, the Indian government has pursued a series of policies and
programs that have stabilized its forested area at about 64 M ha (Ravindranath and
Hall, 1995), and, as a consequence, forests are estimated to have sequestered 5 Tg
C in 1990 (Makundi, Sathaye and Cerrutti, 1992). Prior to 1980, the government
had a priority to increase food production by increasing area under food grains and
to distribute land to landless poor. This had resulted in significant deforestation
during the period 1950 to 1975, when about 4.3 M ha were converted largely to
agriculture (FSI 1988). The Indian policies and programs to slow deforestation and
assist regeneration include:

Policies:

® Forest Conservation Act 1980: the powerful legislation has made it very
difficult to convert forest land to other uses.

(i1) Ban on logging on state-owned primary forests in many states since mid
1980s.
(1ii) Significant reduction in concessions to forest-wood-based industry and

promotion of shift to farmland for wood raw material.

Programs:

@) Conversion of 15 M ha of forests to protected areas (national parks and
wildlife sanctuaries).

(ii) Joint Forest Management (Society for Promotion of Wastelands

Development 1993) program where degraded forest lands are revegetated
jointly by the local communities and forest department.

These policies have survived for nearly 15 years, despite a growing population and
increasing demand for biomass. The Indian govermnment appears to have
successfully relied on conservation legislation, reforestation programs, and
community awareness to achieve forest conservation.

The India example illustrates national programs and policies, which were
initiated for protecting or halting degradation of forested areas. In addition,
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protection projects supported by foreign govemnments, NGOs, and private
companies are beginning to play a role in arresting deforestation and conserving
and/or sequestering C. The Rio Bravo Preservation and Forest Management
project in Belize, which has been approved under the US Initiative on Joint
Implementation (US IJT), will purchase a 6000 ha parcel of endangered forest land
to protect two adjacent tracks from conversion to farmland, and is estimated to
sequester 3 Tg C (US IJI, 1996). The project participants include Wisconsin
Electric Power Company, The Nature Conservancy, Programme for Belize, Detroit
Edison Company, Citienergy and PacfiCorp. The ECOLAND project will preserve
tropical forest through purchase of 2000-3000 ha in the Esquinas National Park,
which is under threat of deforestation in southwestern Costa Rica (REF). The
project partners include US, Costa Rican, and Austrian institutions.

The above examples illustrate policies, programs, and projects that are being
implemented to slow deforestation; sustaining these will pose many challenges. In
India, the declining rural population growth rates have helped policy makers
sustain the slowed deforestation, Elsewhere, however, the fundamental challenge
will be to continue to find alternative livelihood for dwellers, such as in Thailand,
and/or deforesters, such as in Brazil, which may require integrating dwellers into
the urban social fabric of a nation. Deforesters may be drawn to the forest for
reasons other than land cultivation, and policy makers need to resort to largely
non-forest policies in such situations. Another challenge in the protection of forests
and national parks is to increase the government budget allocated for this purpose
which are often inadequate to provide for enough forest rangers, fencing, and other
infrastructure to halt land encroachment.

3.2 FORESTATION

Forestation means increasing the amount of C stored in vegetation (living above-
and below-ground), dead organic matter, and in medium- and long-term wood
products. This process consists of reforestation that is replanting trees in areas
which were recently deforested, and afforestation, which implies planting trees on
areas which have been without forest cover for a long time. In temperate regions,
reforestation rates tend to be high: Canadian reforestation during the 1980s was
reported to be 720,000 ha/yr (Winjum et al., 1992) and that for the U.S. has
averaged 1 M ha/yr between 1990-1995 (Moulton et al., 1996). There is a
significant afforestation effort in both tropical and temperate countries. China alone
boasts of having planted 30.66 M ha between 1949 and 1990 (Xu, 1995), while
India had 17.1 M ha planted by 1989 (Ravindranath, 1992). The U.S. had 5 M ha
of forest plantations by 1985 (Winjum, et al., 1992), while France has more than
doubled the forest area since the beginning of last century from 7 Mha to 15 Mha.
The policies, programs and projects for forestation and agroforestry include )
government investment programs targeted towards these measures on government-
owned land, (2) community forestry programs that may be supported by
government extension services, and (3) private plantations with subsidies provided
by the government (Table 3). These PPP may be targeted towards production
forests, agroforestry, and conservation forests. The management of conservation
forests for soil erosion, water catchment, and like purposes ensures a high C
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density for forests that have many non-C benefits. Those managed primarily for C
sequestration would have to be located on lands with low opportunity costs or else
they would likely be encroached upon for other uses. Government subsidies may
take the form of taxation arrangements that do not discriminate against forestry or
those that provide easy access to bank financing at lower-than-market interest rates.

Monitoring of forestation programs will have to focus on not only the on-land
carbon, but also that stored in products, which may be traded intemationally.
Compared to the monitoring of deforestation, which is likely to be national in
scope, that of forestation programs may require coordination across countries.
Institutionally, this will pose more significant challenges than in the former case.
Monitoring of carbon in products that are exported may require a protocol between
the two trading countries for this purpose. Such a protocol would have to account
for the lifetime of the products, and if they substitute for energy-intensive products,
then the fossil-carbon that is displaced would have to be estimated.

Forestation programs are also likely to occur at specific sites in a country,
which may be too small to justify the expense of using remote sensing techniques.
Project-specific monitoring may be done using inventory techniques discussed
elsewhere in this Special Issue. The flow and stock of carbon over a project’s life
will depend on the timing of thinning and harvesting of multiple products, that are
typical of a self-sustaining project. The timing and frequency will be dictated by
these items, and the cost and availability of adequate personnel for monitoring
them.

An important issue in the forestation option is that the accounting of physical
flows of carbon will show that at the end of a project, and the lifetime of its
products, the stored carbon will be released to the atmosphere. In effect, the carbon
sequestration project would have produced no net reduction of the carbon in the
atmosphere. In order to maintain the carbon benefits of the project, either it has to
continue in perpetuity or some other project has to take its place after it ends. The
cost of carbon sequestration is then the discounted value of such a string of
projects. Finally, it is important that the verification function be carried out by
third-party institutions not directly engaged in the project itself in order to ensure
its unbiased evaluation (Watt and Sathaye, 1994). ’

Government subsidies have been important for initiating and sustaining private
plantations. Since World War II, 3.15 M ha have been afforested in France, and the
1995 French National Programme for the mitigation of climate change (French
Republic, 1995) calls for afforestation rate of 30,000 ha/yr, which will sequester
between 79-89 TgC over 50 years, at a cost of 70 $/tC. Due to funding difficulties
and some opposition from the farming community, they are currently anticipating
about 11,000 ha per year through to 2000.

The Indian government has pursued a reforestation program of planting 1.5 to 2
M ha annually since 1980, which has been largely dominated by short-rotation
softwood plantations of eucalyptus (FAO, 1993). The program is estimated to have
produced 58 Mt of industrial wood and fuelwood in India annually since 1980
(Ravindranath and Hall, 1995). An interesting development in the last few years
has been the planting of teak (tectona grandis) by private entrepreneurs with capital
raised in private capital markets. This program, while occupying only a few
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thousand hectares at present, has the potential to expand to 4 to 6 M ha of the 66
M ha of degraded lands (Ravindranath and Hall, 1995). The teak may be used in
buildings and furniture.

In addition to national programs, those initiated and supported by foreign
governments, NGOs, and private companies are starting in some countries. One
example is RUSAFOR, which is a project approved by the US Initiative on Joint
Implementation (US UI) in the Saratov region of Russia (US III, 1996). The
project has planted seedlings on 1200 ha of marginal agricultural land or burned
forest stands. Initial seedling survival rate is 65%. The project will serve as an
example for managing a Russian forest plantation as a carbon sink.

For government forestation and agroforestry policies to succeed, the formulation
of a coordinated land-use strategy, agreed land tenure rights which are
unambiguous and not open to legal challenges, and markets developed enough to
assure a sustained demand for forest products will be essential.

3.3 SUBSTITUTION MANAGEMENT

Substitution management has the greatest mitigation potential in the long-term
(Marland and Marland, 1992). It views forests as renewable resources and focuses
on the transfer of biomass C into products that substitute for, or lessen the use of,
fossil fuels rather than on increasing the C pool itself. The growing of trees
explicitly for energy purposes has been tried with mixed success in Brazil, the
Philippines, Ethiopia, Sweden, and other countries (Hall, Rosillo-Calle,
Williams, and Woods, 1993). Wright and Hughes (1993) report that under
optimistic assumptions regarding annual tree yield and thermal conversion
efficiency, biomass energy systems could offset 20% of 1990 U.S. C emissions.
Hall et al. (1993) estimate that 267 EJ/yr, or about 80% of global commercial non-
biomass energy use, could be supplied by biomass plantations.

The establishment of plantations on deforested and otherwise degraded lands in
developing countries and excess cropland in industrialized countries offers major
developmental and environmental benefits (Table 4). Village biomass energy
systems have the advantage of providing employment, reclaiming degraded land,
and associated benefits in rural areas, which are particularly important to
developing countries. In India, the Ministry of Non-conventional Energy Sources
(MNES) has taken a conscious decision to promote renewable energy programs
with a number of financial incentives such as tax and depreciation benefits. A
comparison of a diesel-based system with an identical capacity wood gasifier
system has shown that when life cycle costing is done, the cost of electricity for the
wood-gas-based electricity is lower than a diesel alone system (Mukunda, Dasappa
and Shrinivas, 1993).

In developing countries, the use of electricity in rural areas is low. In many
countries, such as in Sub Saharan Africa, less than 5% of villages are electrified and
in countries such as India even though over 80% of rural settlements are electrified,
less than one-third of rural households have electricity. Appropriate government
policies are needed that will (1) permit small-scale independent power producers to
generate and distribute biomass electricity, (2) transfer technologies within the
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country or from outside, (3) set a remunerative price for electricity, and (4) remove
restrictions on the growing, harvesting, transportation, and processing of wood —
except possibly restrictions on conversion of good agricultural land to an energy
forest. Ravindranath and Hall (1995) report that by shifting to a decentralized
bioenergy option, India could reduce its carbon emissions by 67 Tg Clyr.

The growing of trees to yield wood as a substitute for fossil fuels is likely to
occur within a nation, given the high cost of transporting wood, which has a low
energy density. Monitoring of the amount of fossil fuel that the wood will
substitute for is no different than that for any other source of renewable energy or
energy efficiency. Several approaches of varying complexity exist for this purpose
and can be utilized for monitoring. The carbon credit claimed by the nation may be
less than 100% depending on the accuracy of the method used to estimate carbon
flows. Once the carbon emissions are avoided, the project developer or the nation
can take credit for it in perpetuity, or for at least as long as the fossil fuel would
have lasted, which may be measured in decades for oil and gas, and centuries for
coal.

4. Conclusions

The potential land area available for C conservation and sequestration is estimated
to be 700 M ha. The total C that could be sequestered and conserved globally by
2050 on this land is between 60 to 86 billion tC. The tropics have the potential to
conserve and sequester by far the largest quantity of C (80%), followed by the
temperate zone (17%) and the boreal zone (3% only).

Slowing deforestation and assisting regeneration, forestation, and agroforestry
constitute the primary forestry-related mitigation measures for C conservation and
sequestration. Among these, slowing deforestation and assisting regeneration in the
tropics (22.3-59.5 billion tC) and forestation and agroforestry in the tropics (22.7
billion tC) and temperate zones (12.5 billion tC) hold the most technical potential
of conserving and sequestering C. To the extent the forestation schemes yield
wood, which can substitute for fossil-fuel-based material and energy, their C benefit
can be four times higher than the C sequestered in the plantation. Excluding the
opportunity costs of land, the monitoring costs, and the indirect costs of
forestation, the costs of C conservation and sequestration average between $3.7 to
4.6 per tC. Monitoring may add up to 15% to these cost estimates.

The Indian government has instituted policies and programs to halt
deforestation. For these to succeed over the long term, enforcement to halt
deforestation has to be accompanied by the provision of economic and/or other
benefits to deforesters that exceed or equal their current remuneration. Monitoring
of carbon flows has to be accompanied by that of other benefits in order to ensure
that the stated beneficiaries are indeed receiving the claimed benefits.

National tree planting and reforestation programs, with varying success rates,
exist in many industrialized and developing countries. Here also, adequate
provision of benefits to forest dwellers and farmers will be important to ensure their
sustainability. The private sector has played an important role in tree planting for
dedicated uses, such as paper production. It is expanding its scope in developing
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countries through mobilizing resources for planting for dispersed uses, such as the
building and furniture industries. Monitoring of forestation programs and projects
poses many difficult questions about international agreements and the lifetime of
projects and products, and these difficulties may limit the carbon credit that they
can claim to less than their full potential.

Wood residues are used regularly to generate steam and/or electricity in most
paper mills and rubber plantations, and in specific instances for utility electricity
generation. Making plantation wood a significant fuel for utility electricity
generation will require higher biomass yields and thermal efficiency to match those
of conventional power plants. Governments can help by removing restrictions on
wood supply and the purchase of electricity. Monitoring of the carbon benefits,
however, should be relatively less complicated than that for forestation programs
and no different than for any other renewable energy projects.

The ongoing jointly implemented projects address all three types of mitigation
options discussed above. The lessons leamed from these projects will serve as
important precursors for the monitoring of future mitigation projects. Without their
emulation and replication on a national scale, however, the impact of these projects
by themselves on C conservation and sequestration is likely to be small. For
significant global C reduction, national governments will need to institute policies
and programs that can be readily monitored, and provide, local and national,
economic, and other benefits while conserving and sequestering C.
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PROJECT SPECIFIC MONITORING AND VERIFICATION:
STATE OF THE ART AND CHALLENGES

KENNETH G. MACDICKEN
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Abstract. Adequate monitoring of carbon sequestered by forestry activities is essential to the future
of forestry as a climate change mitigation option. A wide range of approaches has been taken to
monitor changes in forest carbon attributable to project activities. This paper describes simple, least-
cost/least-precision methods, remote sensing, periodic carbon inventories, and traditional research
methods. Periodic carbon inventories are the preferred approach because they are cost-effective,
provide measurements with known levels of precision, and allow the monitoring of other values such
as biodiversity and commercial timber volumes. Verification of monitoring estimates is discussed as
an auditing process designed to evaluate reported carbon sequestration values. The limitations of
remote sensing for biomass determination and the potential for changes in monitoring approaches due
to improvements in technology are briefly reviewed.

Key words: Carbon storage, Joint Implementation, monitoring, remote sensing

1. Introduction

Joint Implementation (JI) for increased carbon storage offers one strategy by which
countries can reduce net CO, emissions. Carbon storage can be increased by
expanding the area of tree plantations, agroforestry, and sustainable forest
management, or by preserving natural forests or by substituting biomass fuel for
fossil fuels. JI projects, now in the pilot stage, are being used to test alternative
approaches to reduce net greenhouse gas emissions as a step toward a carbon-
trading system. In JI land-use projects, carbon is, in reality, a commodity.'
Developing the capability to measure carbon storage with identifiable levels of
precision is essential to quantifying carbon as a traded commodity.” Technically
sound methods for forest carbon monitoring are therefore essential for Joint
Implementation land-use projects.

Carbon storage may be one of the most important long-term environmental
benefits of forestry projects because of the potential consequences of increased
atmospheric CO,. By quantifying changes in carbon storage, project managers and
sponsors can help strengthen the basis for investment in forestry and agroforestry
projects.

Despite the effort already given to global, regional, and national carbon
inventories, little work has been done to monitor a project’s impacts on carbon

; A commodity is an economic good, either a product of agriculture or mining
Precision is the degree of agreement in a series of measurements. Accuracy is the closeness of a
measurement to a true value.
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storage. Yet unlike macro-level estimates, project-specific impacts can be measured
with known levels of precision. The measurement of a project’s carbon fixation
employs specialized tools and methods drawn from experience with forest
inventories and ecological research.

Reasons to monitor changes in forest carbon include (1) the United Nations
Framework Convention for Climate Change (UNFCCC) will require I’ projects
involving land use to monitor carbon changes if carbon credits are to be traded; (2)
investors will require reliable, cost-effective monitoring; (3) measuring carbon
impacts of forestry and agroforestry projects quantifies an important environmental
benefit that will carry economic benefits in the near future; (4) improved
monitoring could produce greater carbon benefits; (5) credible, internationally
vetted methods could provide additional certainty to investors that will, in turn,
increase investment in carbon offset projects.

What kind of accountability should we anticipate for forest carbon? Common
sense suggests that the commodity most closely related to carbon is timber, which
is bought and sold on the basis of the commercial forest inventory — largely
because most of the carbon sequestered through project activities will usually be
concentrated in large trees. In commercial inventories, accountability is often
determined by the inventory client in the form of precision targets that are set
before the inventory begins. At present this is also true for carbon,
although international standards for monitoring precision will likely be
set by international agreement.

What should be monitored in forestry-based carbon offset projects? In most
projects, carbon changes in four primary terrestrial pools: above-ground biomass,
below-ground biomass, soils, and the forest floor (litter and coarse woody debris).
Accurate accounting of the net difference in each pool for project and non-project (or
pre-project) areas over a period of time provides a complete assessment of project
carbon impacts. By comparing these changes in the project area to changes in
pools unaffected by project activities, monitoring can assess the quantity of carbon
stored by the project. Experience to date suggests a set of generally agreed upon
characteristics for forest carbon monitoring at the project level (Table 1).

In addition, there may be a need to monitor some aspects of leakage when this
is anticipated to be a significant threat to sequestration benefits. In those cases,
land-use changes in the “leakage domain” (i.e., the area in which leakage needs to
be considered potentially important) may need to be measured or wood-processing
centers monitored to determine changes in the origins of wood supplies. Given the
difficulties and expense of monitoring leakage, project developers will wisely seek
to avoid projects that pose a significant leakage threat. When projects do include a
substantial leakage threat, the leakage domain needs to be defined in a way that can
be monitored.

3 The term Joint Implementation is used to describe cooperative development projects that seek to
reduce or sequester greenhouse gas emissions and involve parties in two or more cooperating
countries, as described in the UNFCC.
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Table 1. Desirable characteristics for forest carbon monitoring at the project level

Characteristic Properties

Reliability Monitoring provides the basis for payments to the project
implementors in a Joint Implementation project. Therefore,
projects that depend on JI support based on the number of
tons of C fixed are based on numbers that are reliable.

Cost-effectiveness The monitoring system chosen is as cost-effective as possible
while meeting the technical requirements specified by the
project sponsors, govermnment, or intergovernmental body .

Technically sound Methods to be used should be, to the extent possible, standard
approaches to measurement that are broadly accepted by
technical authorities in forestry, ecology, soil science, and
remote sensing.

Readily verifiable The carbon reported through project monitoring can be
readily verified using cost-effective methods.
Independent, objective Monitoring should be done in a way that precludes the

inflation of reported carbon storage due to vested interests in
higher fixation rates.

Internationally peer-reviewed Until international standards are adopted, a rigorous peer-
methods review process should be used to minimize the risk of
inadequate measurement practices.

User-defined levels of precision Precision estimates are essential to establish confidence in
monitoring estimates. Until international standards are set for
minimum precision, the user/sponsor must be able to specify
and demonstrate precision levels.

2. Challenges

While progress has been made in conceptualizing, designing, and implementing
monitoring systems, a number of challenges remain. The following list is not all-
inclusive, but provides a starting point for discussion of the monitoring issues
critical to the success of carbon sequestration projects:

« Time unit for measurement. A major constraint in the comparison of sequestered
carbon and reduced emissions is the fact that a ton of carbon emissions reduction is
a simple calculation — it is not emitted and therefore counts as a 1 Mg reduction
in net carbon emissions. One ton of carbon sequestered in biomass may be
sequestered for a day, a year, a decade, a century, or a millennium — and still be
claimed as 1 Mg of carbon stored. Clearly the question of what units to report is
essential to the success of carbon offset programs.

Challenge: What units should be used for measuring carbon? Should a fixed time
period be used for all projects or should there be a new unit of carbon storage (e.g.,
the ton-year or 1 Mg C stored for 1 year)? Are there other alternatives?

« Frequency of measurement. At present, projects are monitoring (or are planning
to monitor) annually (CARFIX), biannually (Rio Bravo Carbon Sequestration
Project in Belize), or less frequently. In some cases, the frequency of monitoring
may be linked to the schedule of payments for carbon credits.

Challenge: What should the frequency of forest carbon monitoring be? How should
it be determined at the project level?

29



« Acceptable approaches to forest carbon monitoring. While a range of methods
can be used to produce estimates or measurements of carbon sequestration, some
rely more heavily on assumptions. As of 1996, the most cost-effective approach to
monitoring with known levels of precision is based on commercial forest inventory
methods.

Challenge: What approaches should be encouraged for forest carbon monitoring?
Which should be explicitly discouraged?

« Setting standards for measurements. The international trading of commodities
always requires some standards of accuracy and precision. If the commodity is
wheat or rice, the weighing scale must be certified as accurate by an authorized
agency. It is likely that over the next few years standards will be set for carbon
forest trading to ensure that 1 Mg of C reported as stored in one project is the same
as 1 Mg of C reported stored in another. Table 2 provides a draft set of
measurement standards based on experience from Winrock’s field testing and
inventory experiences. These standards are defined as the maximum allowable non-
sampling error in measurements. Measurements which exceed these standards are
considered unacceptable.

Challenge: What standards can be recommended now to help guide the
international process?

 Qualifications for monitoring personnel and organizations. Carbon
sequestration projects are being implemented by a wide range of organizations and
monitoring is being done by groups with varying levels of technical expertise.
This increases the risk that projects will fail to produce credible carbon credits due
to a lack of adequate monitoring. Sustainable forest management certification
organizations have minimized that risk for certification organizations through
“certification of the certifiers” by the Forest Stewardship Council. As a result, a
wide range of technical personnel have been involved in the design and
implementation of monitoring and verification systems. The risk in this approach
is that monitoring involves a rigorous system of sampling and measurement that
requires training and experience to do properly.

Challenge: Should there be a certifying body for forest carbon-monitoring
organizations similar to the Forest Stewardship Council or standard business
practice auditing? Are there other relevant approaches to minimize the risks of
inadequate monitoring?

« Monitoring post-harvest carbon storage. Carbon remains stored in wood until
oxidation occurs through the processes of decay or combustion. The storage period
for carbon in high-value wood products such as decorative veneer, furniture, or trim
is commonly hundreds of years. However, because most high-value hardwoods are
slow-growing, the accumulation of carbon credits based on living biomass is also
slow. A monitoring system to measure post-harvest carbon storage — particularly
for medium to highly durable products — could allow reporting of additional
carbon and improve the economics of projects that seek to grow higher value
timbers.

Challenge: How can post-harvest carbon stored in durable wood products be
measured?
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Table 2. Measurement standards and allowable limits of error for a forest carbon inventory
(Winrock, undated)

Measurement Allowable error/standard

Tie lines

Bearing + of the true bearing

Distance + of the true horizontal distance

Permanent plots

Missed or extra trees No error within the plot

Breast height + 5 cm of the true height (1.3 m)

D.B.H. + 0.1 cm or 1% whichever is greater

Circular plot radius + 1% of horizontal

Statistical indicators

Probability p=0.05 (chance of 1 in 20 of random crror in

sampling) or p=0.01 (chance of 1 in 100 of

. random error in sampling)

Precision (size of the standard 10 to 20%

error as a proportion of the

mean)

« Monitoring leakage. Projects that remove land from a competing land use may
cause “leakage,” The risk of leakage is particularly high in preservation projects
that stop harvests in production forests. It is very difficult to monitor leakage from
wood product flows because the demand for wood products and land is not easy to
predict in many countries — in part because the data often do not exist, and in part
because there are many other factors that contribute to market prices and material
flows (i.e., population, income, price of alternative materials, etc.). If leakage is to
be monitored, a key issue is how far we look for evidence of leakage — to adjacent
lands and sawmills, national markets, regional markets, etc. Certainly there is no
simple answer to this question, but the question must be asked of project designers
as leakage-monitoring systems are planned.

Challenge: Can the leakage impacts of a forestry project be monitored in a cost-
effective way? Can guidelines be established for monitoring leakage of project
benefits?

« Verification organizations. At present it appears no rules exist for what kinds of
organizations will verify monitoring estimates. It would appear there are relatively
few possibilities, including government agencies, private sector firms that
specialize in verification, an intergovernmental body such as the UNFCCC, or
groups of advisors established by the project implementors.

Challenge: Who should verify monitoring results?

3. Alternative approaches
Some of these challenges are being addressed by organizations already monitoring

and verifying carbon offset projects. Four general types of approach have been taken
to monitor carbon fixed through project activities.
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3.1. LEAST COST — LEAST PRECISION

One approach is to spend little time or effort on monitoring and as a result produce
gross estimates that are probably neither accurate nor precise. This approach makes
sense when no serious interest in quantifying carbon exists or when there is no
demand for information in which confidence is high. An example of this approach
is the CARE Carbon Offset Project in Guatemala, funded by the U.S. utility
company Applied Energy Services, which began in 1979. This innovative project
was the first to utilize tree plantings to offset carbon emissions. The project used a
series of “highly simplified assumptions” to estimate total carbon sequestration
(Trexler et al., 1992). These assumptions included the number of trees to be
planted in either woodlots or agroforestry systems, initial stocking rates, mean
annual stemwood volume increments, a biomass multiplier factor, and harvest
rates. CARE presently reports basic statistics on tree planting and survival rates.
All of the estimates of sequestered carbon are model-based (M. Trexler, personal
communication). The World Resources Institute has developed the Land-use and
Carbon Sequestration (LUCS) model to estimate CO; storage and has used it to
estimate the carbon benefits of the CARE Carbon Offset Project.

3.2 REMOTE SENSING AND GROUND TRUTHING

Remotely sensed data from space or aircraft-based sensors can provide pixel-by-
pixel measurements of energy reflected back from the earth’s surface. Interest in
space-based technology for natural resource monitoring continues to increase as
imagery becomes cheaper, more readily available, and of higher resolution.

Satellite images have been used in forest carbon offset projects to monitor land
area changes, to map vegetation types, and to delineate strata for sampling. Both
the FACE Foundation in the Netherlands and Winrock International have used
satellite imagery for these purposes. The FACE Foundation system is linked with
a database called MONIS to produce maps and tabular data summaries on project
activities (FACE Foundation, 1995). The Winrock system uses SPOT
panchromatic images and a desktop mapping system with custom utilities for
randomizing or systematically allocating plot locations. FUNDECOR in Costa
Rica has successfully used Landsat data to monitor vegetation changes in national
parks and plans to use a similar approach in the CARFIX carbon sequestration
project.

Classification of vegetation using multispectral satellite images and indices
such as the Normalized Difference Vegetation Index (NDVI) can, when coupled
with adequate ground truthing, be a useful tool in delineating forest types.
Panchromatic data provide generally higher resolution and are useful for boundary
delimitation or edge detection. Space-bome radar systems such as AVHRR and
RADARSAT provide active sensors that detect surface textures and can penetrate
cloud cover and can be very useful tools for vegetation mapping.

However, attempts to estimate biomass from remote sensors have generally
been costly and have had mixed results. Supervised classification is one important
method of analysis and incorporates two stages of analysis (unsupervised
classification using computer software and ground-based data), but is in practice
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most often used for vegetation mapping. Attempts to use remote sensed data to
determine biomass have often relied on the relationship between NDVI and Leaf
Area Index, although there are limitations in this relationship that misrepresent
biomass changes over time (Brown, 1996). It should also be noted that very little
of this kind of work has been done in tropical forests — forests that are often more
diverse and spatially variable than their temperate counterparts. To date, no one
has measured carbon using remote sensing, although classification of vegetation to
identify carbon sinks has been done (Foody et al., 1996).

3.3 INVENTORY-BASED

Periodic inventory of carbon in baseline and project cases’ represents an approach
to forest carbon monitoring that is analogous to the commercial assessment of
timber volume or biomass.

In many countries timber is still measured prior to sale or other management
purposes using sampling and mensuration methods that have evolved over many
years. Such inventories can be tailored to a range of needs and constraints. A
system that builds on standard forestry approaches to biomass measurement and
analys1s and applies commonly accepted principles of forest inventory, soil
science, and ecological surveys can be used to monitor carbon. Commercial-scale
carbon inventories can be performed at virtually any level of precision desired by
inventory sponsors and provide flexibility in the selection of methods, depending
on the economic costs and benefits of monitoring. The Global Environmental
Facility (GEF) has proposed an inventory-based approach for biomass production
projects that may qualify for carbon offset credits (GEF, 1994).

Using permanent inventory plots, forest managers can efficiently assess changes
in carbon fixation as long as the plots represent the larger area for which they serve
as a gauge. This means that sample plots must be subjected to the same
management as the rest of the project area. By involving the same vegetation over
time, the use of permanent sample plots also permits the efficient study of trends
over more than one rotation; temporary plots require a larger number of plots to
detect the same difference reliably. Finally, permanent plots allow efficient
verification of carbon monitoring efforts at relatively low cost. An outside
organization can find and remeasure permanent plots to check the accuracy of a
carbon-monitoring regimen in quantitative terms. To achieve the same level of
verification with temporary sample plots or other inventory approaches would
require substantially more time and expense.

One inventory-based system that has been extensively peer reviewed and field
tested was developed by the Winrock International Institute for Agncultural
Development and involves the following components (MacDicken, 1996):

* baseline determination of pre-project carbon pools in biomass, soils, and litter
+ establishment of permanent sample plots for periodic measurement of changes
in carbon pools

*The baseline case is defined as on-site conditions without project activities; the project case includes
on- site changes in soil and biomass carbon that occur due to project activities.
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+ plotless vegetation survey methods (quarter point and quadrant sampling)’ to
measure carbon stored in non-project areas or areas with sparse vegetation

« calculation of the net difference in carbon accumulated in project and non-project
land uses

+ use of SPOT satellite images to monitor land-use changes, and as base maps
for a microcomputer-based geographic information system

+ software for calculating minimum plot size, assigning sample unit locations
(either systematically or randomly), and determining the spacing between plots

+ a database of allometric models for biomass production, by plant component
(roots, wood, and foliage), for selected tree species

This system was designed to incorporate many of the characteristics listed in
Table 1. It has been field tested on six sites located in Brazil, Belize, the
Philippines, and the United States and is now in use, or planned for use on over
950,000 ha in six countries. Other values (such as commercial timber) and
measures of sustainability (such as biodiversity and nutrient fluxes) can also be
readily monitored with this permanent plot-based system.

In Costa Rica, the CARFIX Project plans to use LANDSAT imagery and
IDRISI, coupled with annual measurements of growth to measure sequestration
(FUNDECOR, undated). Lands included in the project will also be inspected in a
minimum of two thorough inspections per year. The system planned for CARFIX
was designed to work closely with a wood-certifying organization that will help
integrate data collection procedures for carbon and for sustainable forest
management.

3.4 RESEARCH

Carbon has been measured in many research projects for a variety of purposes. One
program in particular has demonstrated the use of a research approach to carbon
monitoring. The Reduced-Impact Logging Project was established in 1992
between the Innoprise Corporation in Sabah, Malaysia, and the New England
Electric System, a coal burning utility in Massachusetts, USA. The objective of
this project is to reduce logging damage and claim the carbon retained in the forest
due to these pracnces as a carbon offset (Pinard and Putz, 1996). Momtonng on
this site was done in an experiment with fixed area plots (1600 m®) and the
measurement of diameter at breast height and nested subplots for smaller stems and
lianas. It includes inventory results using standard Malaysian forestry mensuration
methods. Research was conducted by the silvicultural team from Innoprise,
Malaysian forestry students, graduate studies in botany at the University of
Florida, and post-graduate studies in economics at the University of Bangor. The
research has included stand carbon stock measurements, determination of species
composition, and a variety of sampling strategies for estimating below-ground
biomass and necromass. This work both tested hypotheses and provided useful
measurements of carbon savings due to the use of reduced impact logging. A

* In woody savannah areas, the quarter point method helps in laying out measurement units by using
the distance between a systematic sampling point and the nearest tree or shrub. Quadrant sampling
involves the use of a portable sampling frame to delimit an area for measurement.
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committee-based verification scheme has helped incorporate a regular system of
Teview.

Research has provided useful insights into the relative magnitude of forest
carbon pools — but it is most often designed to ask sets of questions other than
the “routine” query of how much carbon has been fixed by project activities. In
cases where capable university programs are willing to make a long-term
commitment to repetitive measurements, this approach can provide useful
educational opportunities for students and at the same time result in detailed
monitoring estimates. Research may often be a costly means of monitoring forest
carbon when compared with other alternatives.

4. Verification

Verification of carbon offset projects is presently required by the U.S. Initiative on
Joint Implementation and will likely be required in future JI programs. In many
ways, the verification of carbon offset projects is equivalent to the use of audits in
standard business practice. These practices include general standards such as (Arens
and Loebbecke, 1988):

e Qualities the auditor should possess include formal education in forestry and
mensuration, adequate practical experience for the work being performed, and
continuing professional education.

e  Care to ensure the independence of the auditing organization.

e  Due care in the performance of all aspects of auditing.

The standards also include guidelines for field work, including evidence
accumulation and the planning and conduct of the auditors’ visits. Reporting must
specify if statements are in accordance with generally accepted accounting principles
and whether or not those principles have been consistently applied. There is also a
detailed set of quality control elements that are relevant. If accounting is analogous
to carbon monitoring, the principles of carbon monitoring (accounting) and
verification (auditing) must be clearly defined and accepted by either a professional
organization or by some level of government organization.

A general set of procedures for verifying carbon storage might include the
following steps (Winrock, 1995):

1. Agreement on carbon monitoring methods at the outset. If the verifying agency
and the project’s carbon-monitoring team agree on a system of methods for
measuring carbon before the project begins, the process can be evaluated efficiently,
with little danger of problems that would call monitoring results into question.
Such an agreement reduces the risk of voiding monitoring results due to inaccurate
or inappropriate practices and will help avoid needless dispute or litigation over
project benefits and credits.

2. Review of all monitoring records, including field data collection sheets,
spreadsheet/database files, computer model outputs, maps, remote-sensing data,
plans, analyses, and reports.
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3. Inspection and calibration of measurement and analytical tools used by the
monitoring team.

4. Relocation and measurement of a random sample of the permanent plots used in
the inventory.

5. If satellite imagery is not used to calculate project area, obtain and process
images to verify project area and changes in land-use between inventories.

5. Anticipated changes in technology to improve monitoring efficiency

Technological changes come rapidly and changes can have profound impacts on the
technical arts. New technologies will likely be available that will simplify the
processes of forest carbon monitoring and verification. The following are a few
examples of developments likely to take place over the next several years.

5.1 IMPROVED MEASUREMENT TOOLS

Tools such as sonic distance measures and Global Positioning System (GPS)
receivers are already used to reduce monitoring costs and improve the accuracy and
precision of carbon measurement. However, several hardware and software tools,
which are either not yet available or are prohibitively expensive, will help foresters
improve the cost-effectiveness of forest carbon monitoring.

One example of technology that is presently available, but often not affordable,
is hand-held laser measurement devices. These devices can be equipped with
timber cruise functions, including diameter, height, and diameter at a given height,
but presently cost more than US$ 10,000. It is highly likely that future generations
of these devices will integrate GPS, data loggers, and computing functions and
will become less expensive as they move into wider use in mainstream forestry
applications.

Commercial imagery from improved satellite sensors is another example of
rapidly changing technology. The new Indian IRS-1C satellite is anticipated to
provide 5 m resolution panchromatic data (400% greater than SPOT) at
substantially lower cost than current SPOT image prices, although global coverage
is not yet available. Several additional satellites with 2 to 5m panchromatic
resolution are scheduled for launch over the next few years. Greater competition
among providers, enhanced availability of these products and the reduced unit cost
of images will all contribute to improved forest carbon monitoring.

An example of remote sensing technology that is not currently available is 3-
dimensional, high-resolution, remotely-sensed imagery. Advances in radar sensors
such as RADARSAT suggest that 3D, high-resolution systems with accurate,
practical forest mensuration applications will someday be a reality. The National
Atmospheric and Space Administration (NASA) plans to launch such a system in
the year 2000. Called the Vegetation Canopy Lidar (VCL) mission, this system
will use a multi-beam laser ranging device to make direct measurements of tree
heights and forest canopy structure. VCL should produce estimates of global forest
biomass with ten times the accuracy of existing assessments (Isbell, 1997). When
the VCL and other sensors are able to measure or allow accurate estimation of

36



diameters and stem volume, we may be able to simplify the process of estimating
above-ground woody biomass, although ground truthing, sampling for wood
density, soil, litter, and herbaceous vegetation will still require substantial field
work by trained crews.

Enhanced software tools will likely be developed that provide greater
integration of functions from disparate sensor types (e.g., GPS receivers, calipers or
lasers, moisture meters) and simplify data handling. If forest carbon becomes an
important traded commodity, software will probably be developed specifically for
these purposes.

6. Conclusions

Substantial progress has been made in defining and refining approaches and
methods for monitoring forest carbon. Both experience with a small number of
Joint Implementation projects and monitoring field tests suggest that some of the
key challenges are being met and that forest carbon monitoring can be done at a
reasonable cost with relatively high levels of precision.

A number of critical challenges remain — most of them related to the direction
in which future development efforts should be placed and what standards should be
set. If carbon sequestration forestry is to remain a viable means of reducing net
greenhouse gas emissions, serious efforts must be continued to address these
challenges. If we can collectively resolve the remaining issues, we will have helped
push forward an approach that should both help mitigate global climate change and
provide new investments in global forestry.
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Abstract. One of the concemns regarding transformation of land cover in tropical areas has been the
large degree of uncertainty associated with both rates of deforestation over time and total deforestation.
Special monitoring mechanisms must be taken into consideration if a program toward deforestation
control is going to be implemented at the national or regional scale. The premise of this paper is that
any attempt to quantify tropical deforestation and deforestation rates — at regional level, by randomly
selecting sites within a population of satellite scenes — would require an overwhelming number of
samples. This paper suggests a methodological approach for sampling remote sensing databases to be
uses as part of land use/cover change or joint implementation projects. This paper uses the concept of
stratification and persistence as main tools.

Keywords: Amazon, deforestation, persistence, random sampling, remote sensing

1. Introduction

The worldwide lack of knowledge regarding total tropical deforestation and defor-
estation rates affects estimations of trace gas production and the impacts of global
climate change (Foody, 1994; Myres, 1989; Shukla et al., 1990). The dependency
of current atmospheric and terrestrial models on the quality and quantity of infor-
mation in tropical forest coverage is the main cause of uncertainty. Lack of infor-
mation about forest coverage is also considered a major impediment to the devel-
opment of regional and global budgets for a variety of nutrient species (Matson et
al., 1989). There is a need for methodologies to handle monitoring, verification,
and certification of Joint Implementation (JI) projects as well as regional/global
deforestation projects for decision makers and planners who must implement mit-
igation and adaptation strategies to global climate change. This lack of information
is an important factor constraining the development of sound regional land-
use/land-cover (LUCC) change policies in the tropics.
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One of the concerns regarding transformation of land cover in tropical areas
has been the large degree of uncertainty associated with both rates of deforesta-
tion over time and total area deforested. Questions include: What is the area of
remaining tropical forests? Are existing estimates of national deforestation rates
accurate? How can we use new technologies of remote sensing to get better esti-
mates and monitor the newly developed forest restoration projects? How can we
obtain representative samples that allow us to conduct an accurate assessment of
total deforestation, and to define sound monitoring deforestation programs as part
of national strategies for sustainable development? Recent studies, when they are
conducted on a decade basis, have demonstrated that remote sensing data can help
to answer the former questions (Skole and Tucker, 1993). But problems for annu-
al appraisals, partial coverage, and high costs are still a limitation to the remote
sensing technology.

The need for a statistical approach to sampling remote sensing databases is
crucial for the LUCC research community. The importance and need for develop-
ing a methodology for monitoring tropical deforestation and other more compre-
hensive LUCC processes has been addressed in the last decade (Aselmann, 1989;
Matson et al., 1989; Stewart, 1989). Even though a great deal of information exists
regarding monitoring at the project level, there is still much uncertainty when
there is a need to scale up from the JI project scale to regional, national, or glob-
al scales.

Special monitoring mechanisms must be taken into consideration if the pro-

gram is going to be implemented at the national (country) or regional scale (i.e.,
the Amazon basin). When a program/project monitoring mechanism is going to be
implemented with a wide scope of objectives, variables related to how, when, and
which sampling screen must be selected as part of the project’s monitoring/verifi-
cation program play an important role during the decision-making process.
Additional aspects such as sensor spatial and spectral resolution, frequency of
acquisition of remote sensing information, and economic costs are key compo-
nents of the monitoring program and its methodological development.
The premise of this paper is that any attempt to quantify tropical deforestation and
deforestation rates — at regional levels, by randomly selecting sites within a pop-
ulation of satellite scenes — would require an overwhelming number of samples.
Random sampling generally produces logistical problems and it has high eco-
nomic costs. Any attempt for “fair sampling” will need to optimize both the per-
formance of statistical analysis and the amount of information obtained when
compared against the cost of the study (Hewitt et al.,, 1993).

The following sections of this paper suggest a methodological approach for
sampling remote sensing databases to be used as part of LUCC or JI monitoring
projects. The proposed approach can be considered as a complementary approach
to refine current sampling efforts carry on by the Food and Agriculture
Organization (FAO, 1994) to monitor tropical deforestation.
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This paper uses the concept of stratification and persistence as its main tools.
Stratification is defined as the set of criteria used to select the lowest and most rep-
resentative elements from a population of satellite scenes, minimizing the error,
and producing less bias in estimation of a predictive variable. In this paper, it is
suggested that stratification can be used for satellite scene selection for global
databases. The proposed methodology is expected to contribute to better design
and implementation of long-term deforestation-monitoring programs in the trop-
ics. It is assumed that stratification will contribute to producing better designed
sampling strategies for deforestation studies and JI monitoring projects at the
regional and national scale.

2. Background: Global and Regional Monitoring Deforestation Projects

In global deforestation studies, sampling has often played an important role. Wall-
to-wall interpretations of global deforestation can be time consuming and expen-
sive. Though important, wall-to-wall inventories of tropical deforestation and for-
est cover have not been accomplished until recently. In most studies random sam-
pling is used for scene selection. Because of the patchiness of the deforestation,
random sampling can produce significant errors when the goal is to estimate total
deforestation. Skole (1992) indicated that when random sampling of Landsat
scenes was used for estimating deforestation in the Amazon basin, errors were
between 48% and 252% of the actual deforestation value.

Sample construction must use procedures that yield the best results at the min-
imum cost (sub-sampling). It is possible to obtain sound statistical samples if strat-
ification is used as a database developing tool. One attempt to develop a stratified
database with the purpose of monitoring global deforestation in the tropics was
implemented by the Food and Agriculture Organization (FAO) of the United
Nations (FAO, 1996). The FAO sample covers all the tropical regions. A popula-
tion consisting of Landsat Thematic Mapper satellite scenes was used. The origi-
nal sampling population was formed by those scenes with a minimum land area of
1 million hectares and a forest cover of 10% or more. The area represented 62% of
the total tropical land area and 87% of all tropical forest.

FAO's scenes were selected using a two-stage stratified random sampling:

Stage 1: Stratification was based on geographical continuity by dividing the

survey area into sub-regions.

Stage 2: Stratification was based on forest cover and forest dominance.

The sampling selection was achieved by overlaying a sampling frame, vegeta-
tion data, and an eco-floristic zone map. FAO's survey consisted of a sample of 117
satellite Landsat TM scenes. These scenes represented 10% of the total remote
sensing database. The distribution of the scenes by region was 47 in Africa, 30 in
Asia, and 40 in Latin America. Sample size was selected to represent a standard
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error of less than £5%. FAQ's survey indicates that the former procedure “mini-
mizes the sampling error by utilizing all the existing information and available
knowledge on sampling techniques™ Selected scenes were visually classified for
two different time periods. Forest/non-forest classes were the main attributes of
this database. Total global deforestation and deforestation rates were then extrap-
olated between 1980 and 1990.

Other regional wall-to-wall studies have been developed for the Amazon
Basin (Skole and Tucker, 1993). Skole and Tucker's (1993) assessment was per-
formed for the legal Amazon basin. This area included the states of Acre, Amapa,
Amazonas, Par4, Rondonia, and Roraima, plus parts of Mato Grosso, Maranhao
and Tocantis. A total of 228 Landsat scenes were used. The study area covered an
area of ~5,000,000 km?2 (~4,090,000 km? forest, and ~850,000 km? cerrado or
tropical savanna, and ~90,000 km? in water). Satellite and GIS techniques were
used to stratify Amazonia on the basis of cover types. The study reports that total
area deforested increased from 78,000 km?2 in 1978 to 230,000 km? in 1988. A
deforestation rate of ~15,000 km?2 per year is also reported in the same study.
Since this analysis includes two time periods with complete coverage by all 228
Landsat scenes for the Brazilian Amazon, it forms an ideal dataset from which it
is possible to compare various sampling schemes against the entire population.

3. Methods

The Landsat tile system or World Reference System 2 (WRS-2) was used as a
sampling frame. The WRS-2 is the standard reference system for Landsat
Thematic Mapper (TM) and Multi-Spectral Scanner satellite scenes (MSS). The
WRS-2 system codes the location of Landsat TM and MSS into path/row maps.
The WRS-2 provides a convenient description of the geographical distribution of
satellite scenes and is a ready-made sampling frame for the selection of remote
sensing data (FAO, 1996). This reference system has been in place since the
launch of the Landsat Mission Four in July 1982.

A remotely sensed data set, linked to the WRS-2 systems and developed at
the Institute for Study of Earth, Ocean, and Space (EOS) of the University of
New Hampshire was used as a sampling frame. The data set is the result of a
wall-to-wall assessment of deforestation for the legal Amazon Basin (Skole and
Tucker, 1993). Spatial location of scenes forming this database are coded using
the WRS-2 reference system (Figure 1). The Amazon basin is the largest contin-
uous tropical forest in the world (6,248,373 km?). Deforestation of the Amazon
basin accounts for a large fraction (12-20%) of the global estimate (~15,000
km?/year).

The database used consists of land cover change information (i.e., deforesta-
tion) extracted from 228 satellite scenes for 1978 and 1988. Each scene repre-
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sents (approximately) 185 ¥ 185 km. Deforestation, primary forest, clouds, and
naturally occurring non-forest (know as cerrado or tropical savanna) are the main
topological attributes. Results from these databases indicate a total deforestation of
78,271 km? and 230,324 km?2 for 1978 and 1988, respectively.

The methodology presented in this paper is based on stratified random sam-
pling without replacement of a population of Landsat Thematic mapper satellite
scenes from the Brazilian Amazon. Sampling without replacement means that each
satellite scene in the database is not replaced after being selected. The first item is
selected in "n" ways, the second in "n-1", and so on, until the rth is selected in "n-
r+1" ways. In addition, the sampling process will be independent and the proba-
bility of selecting a sample unit from the population is the same for all the units in
the population.

The former rules ensure that a random scene is one that is selected in such a
way that any other scene could have resulted with equal likelihood. Non-random-
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Figure 1. Tile system WRS-2 sampling systems for Landsat Thematic Mapper for the legal amazon
basin. This area includes the states of Acre, Amapa, Amazonas, Para, Rondonia and Roraima, plus
parts of Mato Grosso, Maranhao and Tocantis.
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ness of sample selection may well be reflected in a lack of independence of the
items or in heterogeneity of variances. Moreover, the order of occurrence of the
data is not important. Only the data value is important.

These studies follow a three-step procedure for selection of a stratified popu-
lation for random sampling (Figure 2). During the process of creating a sampling
population, the entire original population was defined as unstratified population
(level 1). The application of a satellite scene selection criterion to generate a new
sample from it produced a level 2 stratified population. Application of a addition-
al criterion, over the population level 2, generated a stratified population — level
3. This last population was used for random sampling and estimation of total defor-
estation.

Stratification of a unstratified population (level 1) to level 2 used the percentage
of tropical savanna as a basic criteria. Stratification from a level 2 to a level 3 sam-
pling population used the concept of persistence. Two different sets of criteria for
stratification and sampling — persistence and the rate of deforestation change —
were used in this study. First, persistence was used as an indicator of deforestation
dynamics at the scene level. Under the concept of persistence, scenes presenting
some degree of deforestation on time Ti, will present more but no less deforesta-
tion on time Ti+1. Persistence was calculated as the correlation coefficient (r2)
between time Ti and time Ti+1 of total deforestation. Secondly, the rate of change
of total deforestation change (as a percentage) for each satellite scene between
1978 and 1988 was used as stratification criteria. Scenes with deforestation
changes of 5% and 10% were used to create the sampling populations.

A graphical comparison of sample trial density against the normalized standard
deviation was performed (Figure 3). Sampling from the level 3 stratified popula-
tion was performed for several density classes in order to identify the optimum
sample size. Density class was defined as the percentage of satellite scenes from
the total stratified population level i used to generate a given sub-sample (i.c., a
sample size of n = 20 scenes from a 202 population will represent 10% density
class). Comparisons of results for each sample density were performed under stan-
dard conditions. In this specific case we have used a normalized standard devia-
tion as a comparison between sampling densities. A decrease of the normalized
variance increasing subsample size, n, is a function of an increase of information
out of the finite population-level-i, N.

4. Results and Discussion
The original population was stratified by eliminating all scenes with an area of
more than 30% of non-natural forest area (cerrado). A new stratified population

level 2 consisting of 202 scenes was produced. Both 1978 and 1988 data sets
accounted for 89% of the total Amazon basin area. Both data sets also accounted
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Figure 3. Comparison of resuits using a normalized standard deviation. For the stratified-popula-
tion-level 2 there is no gain in precision by random sampling. A considerable gain is observed
when

for 96% and 97% of the total reported deforestation, respectively. Most of the
scenes eliminated from the original population had total deforestation ranging
from 0 to 500 km2. None of the scenes with higher deforestation were eliminated
from the data set.

A second stratified population level 3 was created by using the concept of per-
sistence on the 202 scenes. Scenes presenting a departure from the 1978-88
regression line were selected (Figure 4). For the 1975-78 period, the correlation
between the data is estimated to be 0.81. The high correlation for the 1975-78 data
represents a less intense process of deforestation in the Amazon. Therefore, there
is more clustering along the regression line. As deforestation increases during the
1980s, persistence also increases. A reduction in the correlation coefficient (r2) is
a measure of a regional deforestation trend and therefore a reduction in persis-
tence. The correlation for the 1978-88 data set is estimated to be 0.63. As defor-
estation becomes dominant as a spatial process over time, more dispersion and
less clustering is observed around the regression line.
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Figure 4. Persistance at the Amazon Basin wall-to-wall remote sensing derived data set. A reduction
in the correlation coefficient (r2) is a measure of a regional deforestation trend.

47



INGRANREBAR
COLOMBIA W'l BV
3l U8
mmm [3e;
o
m‘:mmma laaaa

.E

> o-

-—
\

Figure 5. Location of 71 scenes selected using persistance. The selected scenes accounted for 31%
of the total study area and 94% of all the 1978 total deforestation at the legal Amazon basin.

The use of persistence allowed for the identification of 71 of the 202 scenes
(Figure 5). The selected 71 were identified from the 1978 data set in order to esti-
mate total deforestation in 1988. The selected scenes accounted for 31% of the
total study area and 94% of all the 1978 deforestation. A random sampling with-
out replacement at 5% sample size density was applied to the two stratified data
sets (Level 2 and 3) (i.e., for 202 scenes, only 10 scenes will be sampled at 5%
density). Sampling was performed 100 times for each sample density in order to
ensure that no bias was present in the estimation of the average total deforestation.
Comparisons of results for each sampling experiment were performed under stan-
dard conditions. Normalized standard deviations were calculated and compared
(Figure 3).

Figure 3 indicates that for the stratified population level 2 there is no gain in
precision by random sampling without replacement of the 202 original data set
scenes. It is also concluded that there is no gain by increasing the sampling Figure
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3. Comparison of results using a normalized standard deviation. For the stratified-
population-level 2 there is no gain in precision by random sampling. A consider-
able gain is observed when persistence is used as a tool for stratification and scene
selection. Minimum normalized standard deviation is reached when sample densi-
ty drops from 2.38 (in 1978) to 1.35 (persistence 1978-88). In addition, minimum
standard error is reached at a 35% sample density. When the minimum standard
error is reached using the stratified population level 3, sampling from stratified
population level 2 from the 1978 and 1988 data sets reports a £40% level error.
Our results indicated that random sampling from a stratified/persistence database
can perform better than simple random sampling from a finite population.

The present study indicates that stratified random sampling, without replace-
ment, using the concept of persistence has important consideration for regional
monitoring of deforestation processes and therefore for the global change commu-
nity. Implications of this finding permit us to design and refined current approach-
es for random sampling developed by FAO in order to monitor worldwide tropical
deforestation. FAO’s approach can be improved by using the concept of persis-
tence avoiding current sampling problems.

In addition, the use of stratified sampling using persistence can play an impor-
tant role in monitoring and verification of joint implementation (JI) projects on a
regional and national scale. JI projects aimed at controlling tropical deforestation
and estimating carbon fluxes and with a regional scope can take advantage of strat-
ified sampling using persistence. Regional and nationwide projects in need of
multi-scene/sub-scene monitoring analysis for verification and certification can
utilize the concept of persistence in order to reduce monitoring costs and increase
the frequency of their observation as part of measurement of carbon release and
sinking rates.

5. Conclusions

1. Results of our study on the impacts of stratification as a scientific tool for
estimation of global deforestation are encouraging. Our estimates indicate
that stratification based on persistence contributes to the reduction of error
regarding estimation of total deforestation when it is contrasted against
stratified level one databases (random sampling without stratification). The
results of this work also indicate that more accurate estimations of defor-
estation can be obtained if persistence is used to select sampling elements
for deforestation studies. Use of persistence, for construction of sampling
databases, could be possible only if current efforts to map tropical defor-
estation are a product of wall-to-wall reference data sets.

2. Results indicate that random sampling (from stratified populations level 2)
has the potential for extreme over- or under-estimation of total deforesta-
tion. Reductions in error are achieved only when very high sampling den-
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sities are attained. If a new level of stratification is applied, very accurate
estimates of the total area deforested can be obtained using low sample
densities.

3. Stratified sampling based on persistence can help develop sounder moni-
toring deforestation programs at the global or national scale in the future.
Sound sampling methods are necessary to monitor current efforts regard-
ing the effect of mitigation/adaptation policies and programs (i.e., those
new programs which are part of the Joint Implementation projects in the
area of sustainable forest management).

4. The results from this research can be extrapolated from global deforesta-
tion estimates to more regional analysis. In those cases where there is a
lack of good satellite imagery, the spatial dimension of the sample element
can be reduced, so that multi-temporal aerial photography databases can
be selected as a sampling element. This alternative could permit national
governments and international organizations to implement regional or
national LUCC programs based on inexpensive and available aerial pho-
tography data sets.

5. More accurate information on the current extension of tropical forests and
the dynamics of deforestation processes can facilitate the refinement of
global carbon budgets and models. The results of this study indicate that
more accurate assessment of deforestation at global levels can be accom-
plished through the development of scientifically based monitoring meth-
ods based on stratification. The use of random sampling for original data
sets is not encouraged.
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FOREST MANAGEMENT FOR MITIGATION OF CO; EMISSIONS:
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Abstract. Forestry projects can mitigate the net flux of carbon (C) to the atmosphere in four ways:
(1) C is stored in forest biomass — trees, litter and soil, (2) C is stored in durable wood products, (3)
biomass fuels displace consumption of fossil fuels, and (4) wood products often requirc less fossii-fuel
energy for their production and use than do alternate products that provide the same service. We use
a mathematical model of C stocks and flows (GORCAM) to illustrate the inter-relationships among
these impacts on the C cycle and the changing C balance over time. The model suggests. that
sustainable management for the harvest of forest products will yield more net C offset than will forest
protection when forest productivity is high, forest products are produced and used efficiently, and
longer time periods are considered. Yet it is very difficult to attribute all of the C offsets to the
forestry projects. It is, at least in concept, straightforward to measure, verify, and attribute the C
stored in the forests and in wood products. It is more challenging to measure the amount of fossil fuel
saved directly because of the use of biomass fuels and to give proper attribution to a mitigation
project. The amount of fossil fuel saved indirectly because biomass provides materials and services
that are used in place of other materials and services may be very difficult to estimate and impossible
to allocate to any project. Nonetheless, over the long run, these two aspects of fossil fuel saved may
be the largest impacts of forestry projects on the global C cycle.

Keywords: Forestry, carbon balance, wood products, energy substitution, materials substitution

1. Introduction

In the search for approaches to mitigate the net flux of greenhouse gases to the
atmosphere, there has been much interest in forestry-related measures to either
reduce or offset net emissions of CO,. Forest protection is widely recognized as a
way to avoid CO, emissions (Dixon et al., 1994; Harmon et al., 1990; U.S.
NAS, 1992) and afforestation is now appreciated as a possibility for offsetting some
of the emissions from the consumption of fossil fuels (Houghton et al., 1993;
Sampson and Hair, 1992; Nilsson and Schopfhauser, 1995). The literature is
increasingly cognizant that forest management also impacts the net flux of C
through its influence on the flow of forest products, whether as fuels or as durable
products, and their ability to substitute for alternate, fossil-fuel-intensive products
(Hall er al., 1991; Heath et al., 1996; Matthews, 1996). The details of forest
harvest, land preparation, product preparation and 2

use, and so on can make important differences.

An international agreement currently exists for countries to estimate and report
their total emissions of greenhouse gases to the atmosphere (United Nations,
1992), and there is increasing impetus for communities and corporations to
similarly be responsible for their emissions (U.S. Department of Energy, 1994).
We want to know not only how much greenhouse gas is being discharged, but
also where and by whom. We contemplate actions implemented jointly, where one
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party would produce reductions in emissions but would sell or trade those
reductions either in the open market or in return for technical or economic
assistance in realizing the reductions. We are evolving a regime where reductions
in emissions have value, even if only public relations value. For alternate forest-
management strategies this paper explores both the impact on the C cycle and the
allocation of credits (or debits).

To examine the impact of land management alternatives on the global carbon
cycle, we have developed a spreadsheet model of the system that is directly
impacted by the choice of management regime. GORCAM (the Graz/Oak Ridge
Carbon Accounting Model; see Schlamadinger and Marland, 1996) provides a
simplified description of C stocks and flows associated with management of forests
or agricultural land (see Figure 1). The model calculates C accumulation in plants,
in long- and short-lived wood products, in fossil fuels not burned because biofuels
are used instead, and in fossil fuels not burned because production and use of wood
products requires less energy than does production and use of alternate materials
that provide the same service. The model requires parameters to describe: the
allocation of forest harvest to various product and waste streams, the mean lifetime
of wood products and of soil and litter C, the efficiency with which wood products
are used (and comparable values for the materials they displace), and the energy
required for the management of the forestry system (and comparable values for
production and delivery of alternate fuels or products). Wood materials can be
recycled, placed in a landfill, or used to generate energy at the end of their useful
lives.

The version of the model employed here uses a simple growth function for trees
(Marland and Marland, 1992) and a dynamic model for the transfer of C to and
from the litter and soil C pools (Schlamadinger et al., 1997; Dewar and Cannell,
1992). The model represents in a simple way many parameters that have complex
functional forms and that are variable in time and space. Our intent is to illustrate
the functional relationships and the impact on the cycling of C by selecting
parameters that are representative within the broad range of real-world situations.
The scenarios described here should be taken as illustrative rather than
demonstrative.

2. Two scenarios

We contrast two forestry projects that might be proposed for the mitigation of CO,
emissions. The intent is to examine first the impact of the project on the global
carbon cycle and then the carbon credits and debits that accrue to the potential
participants in the mitigation project.

The two scenarios developed below both involve an existing second-growth
forest stand. For the sake of illustration, we assume a standing, above-ground,
biomass of 100 MgC ha™ and a setting such that the mature stand will saturate
over time and approach a steady-state standing stock of 160 MgC ha™, where it has
no further net uptake of C. In the first scenario (Figure 2a) the strategy chosen is to
protect the forest stand, to allow it to grow toward the steady state, and to
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Figure 1. The Graz/Oak Ridge Carbon Accounting Model (GORCAM) describes changes in the
amount of C stored in various biosphere, wood-product, and fossil-fuel pools over time for selected
scenarios for managing land use. Details can be found in Schlamadinger and Marland, 1996.
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accumulate and store C away from the atmosphere. The base productivity is
defined at 1.72 MgC ha™ yr” (this is the rate at which the young, vigorous stand
will grow) and this declines as the stand approaches steady state. These parameters
describe a forest that would be characterized as very productive but not
extraordinary. The parameters are within the range of values reported by Nabuurs
and Mohren (1993) for various forest types in temperate regions.

In scenario 2 (Figure 2b) the existing second-growth stand is harvested to
produce a conventional mix of wood products and is then managed for continued,
sustainable production of wood products on a 60-year harvest rotation cycle. The
basic parameters of the scenario that drives the C flows are summarized in Table 1.
Parameters used here to represent the efficiency with which forest products are
harvested and used to displace other fuels or durable products can be characterized
as efficient but within the range of current practice. We have assumed, for the sake
of simplicity, that this scenario represents a continuation of the historic forest
management strategy, does not result in a change in the mean age of the stand, and
hence that there is no net change in the average amount, over time, of C stored in
soils and forest litter. There will, of course, be a change in the soil and litter C
dynamics following the harvest. All of the parameter values are derived in detail in
Schlamadinger and Marland, 1996; those for the dynamic soil and litter C model
are in Schlamadinger et al., 1997.

3. Impact on the global carbon cycle

In Figure 2 we illustrate the changes in carbon stocks over time for the two
scenarios. The diagram of the forest protection scenario (Figure 2a) shows
increasing C stored on site in forest biomass. In the forest harvest scenario (F igure
2b), the bottom line in the figure is at -100 MgC ha™ because there is a loss of
100 MgC ha™ of on-site C during the initial harvest. From this baseline, the
scenario shows the initial distribution of C from the standing forest to the array of
forest products, with subsequent regrowth of the forest. The baseline drops slightly
more as C is lost from soils, but eventually it rises again as the forest regrows.
When we give credit for both direct and indirect displacement of fossil fuels and the
forest is clear cut with efficient use of forest products, the net emission of C to the
atmosphere for the forest harvest scenario is zero after about 30 years. After about
95 years the net impact on C emissions to the atmosphere is roughly the same for
the two scenarios, forest protection and forest harvest with efficient conversion to,
and use of, wood products.

It is important to appreciate that the relative impacts on the C cycle for the two
scenarios shown are very sensitive to some of the input parameters. Also, note that
if the results were reported for a specific end point, it would make a very large
difference what time interval was chosen to define the end point. To illustrate the
sensitivity to the input parameters, we show in a series of three-dimensional plots
the "surface” of C emissions avoided for a range of values of forest productivity and
of the efficiency with which forest products are harvested and used. To do this we
have defined a new parameter, the "efficiency," that serves as a proxy for a number
of parameters derived independently in the base case scenarios shown in Figure 2.
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Figure 2. Comparison of the change in C stocks for two scenarios for forest management. The net
change in the amount of C stored in the various reservoirs is represented as a function of time. In
scenario 1 (Figure 2a, upper diagram), growing forest with an initial 100 MgC ha™ in above-ground
biomass is protected and permitted to continue to grow and sequester carbon in trees and in forest
litter and soils. In scenario 2 (Figure 2b, lower diagram), growing forest with the same initial 100 MgC
ha™ is harvested for wood products with a 60-year harvest rotation cycle. For ease of comparison,
Figure 2b includes the total cumulative C curve from Figure 2a (shown dashed in Figure 2b). Note that
scenario 2 assumes that material harvested in all harvests after the first will be used with increased
efficiency due to technological progress (compare parameters 25 to 28 with parameters 8 to 11 in
Table 1). Because fossil fuel displacement is immediate but oxidation of wood products and litter
occurs over time, there is a net increase in C sequestration immediately following each harvest.
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Table 1. Values used in GORCAM (Graz/Oak Ridge Carbon Accounting Model) for the principal
parameters in the two scenarios.

Conventional
No. Parameter No harvest forestry
Initial harvest
1 Initial above ground carbon MgC ha™! 100 100
2 Fossil C-emissions from harvesting MgC MgC! - 0.01
3 Share of harvest to biofuel MgC MgC! - 0.22
4 Share of harvest to long-lived products MgC MgC'! - 0.30
5 Share of harvest to short-lived products MgC MgC! - 0.20
6 Share of harvest to very short-lived products MgC MgC'! - 0.05
7 Share of harvest not used MgC MgC! - 0.23
8 Displacement factor fuel # MgC MgC*! - 0.6
9 Displacement factor long-lived products # MgC MgC! - 0.5
10 Displacement factor short-lived products # MgC MgC'! - 0.25
11 Displacement. factor very short-lived products # MgC MgC! - 0.25
12 Fossil C-emissions from bioenergy conversion MgC MgC! - 0.05
13 Upstream C-emissions of displaced fossil fuel MgC MgC! - 0.08
Subsequent harvests
14 Rotation length yrs - 60
15 Initial growth rate MgC ha'! yr'! 1.72 1.72
16 Maximum standing stock MgC ha! 160 160
17 Above ground carbon affected by harvest MgC ha’! - 100
(calculated)
18 Annual fossil C-emissions from cultivation MgC ha'! yr'! - 0
19 Fossil C-emissions from harvesting MgC MgC'! - 0.01
20 Share of harvest to biofuel MgC MgC! - 0.22
21 Share of harvest to long-lived products MgC MgC! - 0.30
22 Share of harvest to short-lived products MgC MgC* - 0.20
23 Share of harvest to very short-lived products MgC MgC’! - 0.05
24 Share of harvest not used MgC MgC! - 0.23
25 Displacement factor fuel # MgC MgC’! - 0.8
26 Displacement factor long-lived products # MgC MgC*! - 0.8
27 Displacement factor short-lived products # MgC MgC*! - 0.4
28 Displacement factor very short-lived products # MgC MgC! - 0.4
29 Fossil C emissions from bioenergy conversion MgC MgC*! - 0.05
30 Up C emissions of displaced fossil fuel MgC MgC™! - 0.08
Soil and litter parameters
31 Initial soil carbon pool size MgC ha'! 140 140
32 Decay rate soil carbon yr! 0.015 0.015
33 Initial litter carbon pool size MgC ha’! 26 26
34 Litter production of mature forest (incl. foliage and MgC ha'! yr'! 5.4 54
below ground)
35 Decay rate litter (stems+woody yr! .01/.05/.85 .01/.05/.85
roots/branches/foliage+fine roots)
36 Share of litter entering soil pool (above/below MgC MgC*! 0.2/0.5 0.2/0.5
}round litter)
Wood products and landfill parameters
37 Average lifetime long-lived products yrs - 30
38 Average lifetime short-lived products yrs - 10
39 Share of long-lived products for energy MgC MgC! - 0.30
40 Share of short-lived products for energy MgC MgC*! - 0.30
41 Share of very short-lived products for energy MgC MgC*! - 0.30
42 Displacement factor products for energy (long) # MgC MgC™! - 0.6
43 Displacement factor products for energy (short) # MgC MgC! - 0.6
44 Displacement factor products for energy (very short) MgC MgC™! - 0.6
#
45 Share of long-lived products into landfills MgC MgC™! - 0.40
46 Share of short-lived products into landfills MgC MgC! - 0.40
47 Share of very short-lived products into landfills MgC MgC! - 0.40
48 Average lifetime long-lived products in landfills - MgC MgC! - 40
49 Average lifetime short-lived products in landfills MgC MgC*! - 10
50 Average lifetime very short-lived products in MgC MgC! - 5
landfills
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Notes to Table 1:

# Displacement factors describe (1) the amount of C emission from fossil fuels that is avoided when
biofuels are used and (2) the amount of fossil C not oxidized because wood products are used
instead of products from other, more energy-intensive materials like concrete and steel (indirect
energy substitution). Both of these displacement factors have units of MgC MgC)" and represent
the net amount of fossil fuel C not oxidized because 1 Mg of biomass C is used for energy or is
stored in wood products.

The efficiency is scaled from 0 to 2 where 1 represents the base case values, used
above, for the displacement of fossil fuels and of products from alternate materials.
On the efficiency scale, e = 0 to 2, the values of e are multipliers for all of the
efficiency-related parameters in the model. Thus, an efficiency of 2.0 represents a
doubling of the mean lifetime of durable products, a doubling of the effectiveness of
wood products in displacing other products, and a doubling in the efficiency with
which biofuels displace fossil fuels. Similarly, an efficiency of 0.0 represents a
scenario with the mean lifetime of wood products, the effectiveness in displacing
non-wood products, and the efficiency with which biofuels replace fossil fuels all
reduced to zero.

Figure 3a shows the cumulative change in C stocks, C sequestration, after 100
years for the forest protection scenario. Since there is no harvest, the change in C
stocks does not depend on the efficiency factor. We do see that after 100 years the
forests with high growth rates have reached the point where they are taking up little
additional C, with a net increase of just over 80 MgC ha" (including C
accumulation in litter and soils), and that only for low growth rates will there be
continued, significant, net C uptake beyond 100 years. Note that the scenario
illustrated permits some accumulation of C in the soil and litter even when there is
no increase in above-ground standing biomass (i.e., when the growth rate is 0.0).
The surface for net cumulative C mitigation is more complex in Figure 3b, where
forest is harvested initially, and again at a defined harvest-rotation age, for the
production of forest products. Figure 3¢ shows the difference between these two
scenarios, i.e., each value in Figure 3a is subtracted from the corresponding value
in Figure 3b, and we see the net advantage of the forest harvest scenario with
respect to the forest protection scenario. The wave structure seen in Fi igures 3b and
3¢ occurs because the scenarios all assume that forests will be harvested in the year
that they reach 100 MgC ha™. Consequently the 100 year end-point for the
scenarios illustrated occurs at different points in the rotation cycle, depending on
the defined growth rate. The wave is dampened at high growth rates because 100
years represents several harvest cycles whereas for a growth rate of 1 MgC ha™ yr”,
the end of the 100-year scenario corresponds with the end of the first harvest cycle.

Figure 3c shows that when productivity is high and when the forest can be
harvested and the products used efficiently, there is a net C benefit, over time, of
harvesting and using wood products, i.e., the net cumulative C values in Figure 3c
are positive. On the other hand, where productivity is low and the harvest is used
inefficiently, the maximum carbon benefit is achieved by protecting the forest to
accumulate and store C, i.e., the net cumulative C sequestration values in Figure
3c are negative. The intersect between the surface describing scenario output and
the 0-carbon-accumulation plane defines the boundary at which higher growth rates
and higher efficiencies favor sustainable harvest scenarios over forest protection
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scenarios as the more effective way to maximize the net mitigation impact on C
emissions to the atmosphere.

As shown in Figures 2a and 2b, as the time frame of the analysis is extended,
C sequestration saturates in the forest protection scenario while the forest products
scenario continues to provide an offset for fossil fuel emissions. The difference
between the two scenarios decreases with time until, after about 95 years in the
base case scenarios, the sustainable forest products scenario provides the larger net
impact on CO; emissions to the atmosphere. The same impact of time on the
forest products scenario can be observed by comparing Figure 4 with Figure 3c.
Figure 4 is, as in Figure 3c, the difference between the sustainable forest harvest
scenario and the forest protection scenario, except that Figure 4 represents the
difference 20 years after project initiation whereas Figure 3c is the difference after
100 years. Comparison of the two figures shows that, in general, as the time
horizon is increased, the intersect at which sustainable harvest represents the more
attractive choice with respect to impact on the C cycle, moves toward lower values
of efficiency and growth rate. This general conclusion breaks down at very low
growth rates where the oxidation of forest products continues to release C over time
but regrowth of the forest takes up very little C. This general conclusion also
breaks down at very low efficiencies (compare again Figures 3c and 4) where forest
is harvested but the products are used so inefficiently that little fossil fuel use is
displaced and little C is stored in products. Hence, at very low values of growth
rate or efficiency, the value of cumulative C difference is more negative after 100
years than after 20 years.

Another observation is that for high growth rates and efficient harvest use the
advantage of the forest harvest scenario over the protection scenario is much greater
after 100 years (650 MgC ha™ for growth rate equal 5 and efficiency equal 2) than
after 20 years (70 MgC ha™ for growth rate equal 5 and efficiency equal 2. Note that
this number increases faster than linearly). This difference can be explained by the
large amount of fossil fuel that is substituted when fast growing forests are used
efficiently for materials and energy substitution.

4. Credits and debits

Having represented the net impact of two potential mitigation projects on the flux
of C to the atmosphere; and having seen how the relative merits of the two
approaches vary with the specifics of growth rate and efficiency, we look back at the
base case scenarios and examine the implications for monitoring, verifying, and
attributing the impacts on the global C cycle that result from mitigation projects.
Recall that the two base case scenarios yield nearly identical results for the net
impact on C emissions to the atmosphere at the end of 100 years (see F igure 2b).

In the forest protection scenario (Figure 2a), the monitoring and verification is
conceptually straight-forward. The forest has been allowed to grow and accumulate
C and we envision that we could measure the additional amount of C accumulated
in the plants, litter, and soil on site and attribute the C mitigation to the site
manager/owner. It can be verified that C has been removed from the atmosphere
and we know where it is.
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Figure 4. The same as in Figure 3c, except after 20 years.

For a scenario involving forest harvest, we can still put our arms around the C
stored on site in trees and in the soil and litter; but it is clear that the site
manager/owner will observe a decrease in mean C stocks on site. Figure 5a shows
the amount of C that can be accounted for on the original land. With a bit more
effort, we can track and monitor the amount of C stored in wood products. As
Figure 5b illustrates, these wood products have a finite lifetime and the C will be
released to the atmosphere slowly over time. Storage of C in wood products is real
and, in theory, measurable, even if the wood products are no longer in the
possession of the forest manager/owner. In our scenario, some wood products are
placed in landfills and some are used for energy at the end of their useful lives.

At this point we introduce two candidate approaches for evaluating the impact
of scenario 2 (Figure 2b) on C emissions to the atmosphere: we can monitor the
flows of C to and from the atmosphere or we can monitor the changes in C stocks.
Our diagrams show the changes in stocks and carry the premise that to the extent
C stocks increase (or are depleted less than in a reference case) in the biosphere,
wood products, and unmined fossil fuels, C flows to the atmosphere are
correspondingly reduced. On a global scale a flow methodology would produce the
same result for the net flux of C to or from the atmosphere. A methodology based
on C flows would also yield the identical result for the forest protection project
described in Figure 2a; the net flow of C from the atmosphere can be accounted for
by the increase in C stocks on the site. However, the two approaches have
significantly different implications for the allocation of debits and credits when used
to evaluate the sustainable harvest scenario. It is clear in Figures 2b and 5a that the
site owner has, on site, for many years, much less C than just prior to the forest
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Figure 5. The components of the carbon balance in Figure 2b (sustainable harvest scenario) arc
depicted separately. Figure 5a (upper left) shows change in on-site C storage. The baseline of the plot
is at -100 MgC ha™ because of the initial loss of on-site C during harvest. As in Figure 2b, the dashed
line shows, for contrast, the path of on-site C accumulation for scenario 1. Figure Sb (upper right)
shows changes over time in the amount of C stored in wood products and in landfills. Figure 5c (lower
left) shows the amount of fossil-fuel C not discharged to the atmosphere because of the direct
substitution of biofuel for fossil fuel. Figure 5d (lower right) shows the amount of fossil-fuel C not
discharged to the atmosphere because wood products are used in construction to displace concrete,
steel, and glass. The credit shown is the difference in emissions between producing products of steel,
concrete, and glass and producing products from wood that provide the same service.

harvest. On the other hand, the site owner has not actually discharged most of the
lost C to the atmosphere (the scenario assumes that 23% of the harvest is lost
during harvest and haul or is otherwise left as harvest slash to oxidize to CO, over
a short period of time). The regrowing forest provides a continuing sink for C and
someone else has taken possession of the C in the harvested wood. Even if the new
owner chose to convert the land to pasture and not to allow natural revegetation
orto replant, the forest manager would still physically discharge little CO, to the
atmosphere so long as the harvested wood were transferred to another owner
(perhaps another country). In a stock-change approach the site owner would be
responsible for the change in on-site C (Figure 5a). A flow approach to accounting
for emissions of C to the atmosphere would show in the land owner's account only
the fraction of the harvest actually oxidized under the land owner's stewardship.
The main part of the emissions would show up in the account of the wood-product
user, perhaps even in another country.
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Monitoring, verification, and attribution of C emissions become more complex
for cases where wood fuels or wood products displace consumption of fossil fuels.
The second scenario described here (Figure 2b) assumes that logging and sawmill
residues equivalent to 22% of the initial harvest and 30% of waste-wood products
are burned for useful energy (Figure 5c). This material is assumed here to be used
for power generation with an efficiency such that 1 kg of C in biomass displaces
0.6 kg of C in fossil fuel — a value that seems to be typical of wood burned to
displace coal in US power plants (Marland and Marland, 1992). Monitoring and
verification of fuel displacement may be straightforward when wood chips are co-
fired with coal in a boiler. For a dedicated facility fired with biofuels, it is less clear
what fuel is displaced and with what efficiency the displaced fuel would have been
used. Demonstration of fossil-fuel displacement carries an additional burden in
economies where energy consumption is supply-limited, a newly available source
of biomass fuel may simply increase overall energy consumption. We have made
the assumption in our scenarios that the marginal fuel in current markets is a fossil
fuel and that any biomass fuel used thus displaces a fossil fuel. The scenarios
shown here assume that this will be coal. On a project-specific level, the project
will have the burden of demonstrating the amount of fossil fuel saved. A careful and
credible "base case" is required to demonstrate what fossil fuel is saved and with
what efficiency.

Assuming we can estimate the amount of fossil fuel saved, there is still the
question of allocating the credits. It is on the matter of fossil-fuel displacement that
we encounter the most graphic illustration of the consequences of flow vs. stock-
change accounting methods; that is, who gets the credits. If we adopt a stock-
change methodology, the net C responsibility of the forest manager would be as
illustrated in Figure 5a while the net C account for the fuel user would be as in
Figure 5c. The forest manager would have net C debits until the forest was
replanted or allowed to regrow naturally to its initial state, and the fuel user would
get net C credits to the extent that fossil fuel use was reduced. In a flow
methodology, the forest manager would show no C debit (to the atmosphere) for
the C in wood fuel transferred to the fuel user. On the other hand, the fuel user
would show increased C emissions because CO; from 1 unit of C in biofuels was
discharged in place of 0.6 unit of C in coal.

The situation described above is for a 1 ha forest stand. The C balance over
time appears a bit different when we consider the C balance for a sustainable forest
plantation (a normal forest with a constant age structure); see Schlamadinger and
Marland, 1996. In this case the forest manager would observe no change in the C
storage under an accounting that measured the change in stocks of biomass,
whereas the fuel user would get C credits to the extent that fossil fuel use was
reduced (as above). Using the flow methodology, the forest manager would report a
continuing C sink and the fuel user would, as above, show increased C emissions
because CO, from 1 unit of C in biofuels was discharged in place of 0.6 units of C
in coal.

Note also that Figure Sc shows the amount of fossil fuel actually displaced, it
does not include the amount of energy used upstream to mine, refine, or deliver
that fossil fuel (which would increase the benefit) nor the amount of energy required
to manage, harvest, and deliver the biofuel (which would result in a decrease in the



benefit). These two factors often nearly cancel out on the global scale (see
Schlamadinger and Marland, 1996) and are not shown here, but they do play an
important role in the accounting if we are interested in the allocation of credits and
debits. A forest management project, for example, would show the energy (and
CO,, emissions) costs of forest management, harvest, and delivery but would not
get the credit for reduced emissions at petroleum refineries or coal mines. Those
benefits to the global C cycle probably could not be claimed by a forest mitigation
project.

Finally, our scenario assumes that wood products are used to displace some
mix of concrete, steel, and glass in construction. The details are in Schlamadinger
and Marland, 1996, and the result is that the same service is rendered in the
economy but that energy use is decreased (Figure 5d). Note that the assumption
made here is similar to that made for biomass fuels. The assumption here is that
wood products produced in a mitigation project add to the supply of wood
available in markets and displace products made from energy-intensive materials
such as glass, concrete and, steel. The C mitigation benefits will be less if wood
from a mitigation project is used less efficiently or if it displaces wood from
another sustainable source or some other material less energy intensive than glass,
concrete, and steel. The C benefit can still be substantial if wood from a
sustainable mitigation project displaces wood from an unsustainable source, e.g.,
deforestation. Clearly the quantity of CO, emissions saved depends on the mix of
forest products and on precisely how forest products are used and how that service
would be provided in their absence. The point here is that the C benefit may be
very large on this account but that, first of all, it is very difficult to estimate what
the global CO, savings are and, second, the savings in fossil fuel burned may be in
economic sectors far from the forest and forest products sectors. And, what Figure
5d actually shows is the estimated net savings in C emissions, i.e., it is the C
emissions that would be required to produce non-wood products less the C
emissions that would be required to produce the wood products that would provide
the same service. Consequently, the forest products sector, or a CO; mitigation
project, would expect to see increased fossil fuel emissions for increased wood
production, but would have difficulty claiming the decrease in emissions that
occurred as fossil fuel use was reduced in the steel or cement industry.

5. Discussion

Forestry projects are being considered as a possibility for mitigating the increase in
atmospheric CO.. Reductions in emissions of CO; to the atmosphere bring public
relations benefits now and may gain market value if the USA and other countries
agree to binding targets for CO, emissions reductions. In this context, two
important questions for any proposed mitigation project arise: What is the net
impact of the project on CO, emissions to the atmosphere? Who gets credit for any
emissions reductions or increases?

We have developed a mathematical model of the changes in C storage which
might be expected to result from forest management choices. The model shows
that, if we take a comprehensive view, there are many circumstances where it may
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be more advantageous to harvest forests in a sustainable manner to produce energy
and other forest products and services than to simply protect standing forests to
sequester C. Although any given project has to be examined for its particular
details, sustainable forest harvest is favored when the forest growth rate is high and
when forest products can be harvested and used efficiently. Efficient use of forest
products to displace fossil fuels or energy-intensive products like steel, concrete,
and glass leads to large net carbon benefits. Forest protection is favored when the
rate of forest regrowth is very slow, there is a high energy cost for forest
management and harvest, or the forest harvest does not efficiently displace fossil
fuels or energy-intensive products.

Part of the problem in evaluating a mitigation project, however, is that the
global-scale effect on net emissions to the atmosphere may not be reflected in the
local-scale C balance. Much of the C mitigation benefit may accrue beyond the
traditional boundaries of a forestry project. In this case it may be impossible for
project participants to claim emissions credits for all of the emissions reductions
that occur as a consequence of a particular project. Because of the challenges of
monitoring, verification, and attribution, those responsible for a mitigation project
might obtain higher emissions-reduction benefits for a forest-protection scenario
than for a sustainable forest-harvest scenario; even though the latter produced, over
time, larger net C benefits at the global or national scale. In many cases a forestry
project could show net C debits on site in spite of net C benefits on a larger scale.

If we want to evaluate the full global impact on net CO, emissions to the
atmosphere, we have to recognize that some of the significant impacts will be
essentially impossible to capture within even carefully defined and expansive
project boundaries and despite a well-conceived project baseline. These impacts
will appear variously throughout the regional, national, and even global accounts
as other fuel users report lower-than-baseline product output and hence lower-than-
baseline fossil fuel consumption. This "leakage" into the concrete, steel, cement,
petroleum refining, and other sectors may be an important part of the net impact of
forest management projects on the global C cycle.

The distribution of credits and debits among participants in a biomass-based
mitigation project can also depend on the choice of the accounting scheme (for
example, whether a C-stock or a C-flow methodology is adopted). As described in
preceding paragraphs, we think that a stock-change method — accounting for
changes of C stocks not only in the forest but in wood products pools — does the
better job of recognizing desired forest management practices, sustainable forest
management and efficient production and use of forest products.

Another factor that becomes very prominent in our analyses is time. Figure 2b
shows graphically that the net C benefit of sustainable forest harvest increases with
time because the harvested products continue to displace fossil fuel use at every
harvest cycle whereas a protected forest eventually achieves a steady state with
respect to net C uptake. This is true, of course, only if we focus entirely on masses
of C and have no preference between current and future C emissions. There is
interest, then, not only in who gets credit for emissions reductions, but in their
value as a function of time. It is likely that current emissions reductions will be
perceived to have greater value than future reductions and that some discounting of
future emissions reductions is appropriate (see, for example, Marland et al., 1997).



Thus the forest manager has a near term incentive to avoid current C emissions —
or to allow C uptake — by protecting C storage in the forest, while the economic
incentive is to harvest standing trees for merchantable wood products now with C
emissions offsets in the future as the forest regrows.

Monitoring and verification of the full impact of forestry projects on the net
emissions of C to the atmosphere is a challenging task. Attribution of who gets the
credits, and how credits now and later are compared, compounds the challenge.
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GLOBAL CLIMATE CHANGE MITIGATION AND SUSTAINABLE
FOREST MANAGEMENT — THE CHALLENGE OF MONITORING
AND VERIFICATION
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Abstract. In this paper, sustainable forest management is discussed within the historical and
theoretical framework of the sustainable development debate. The various criteria and indicators
for sustainable forest management put forth by different institutions are critically explored. Specific
types of climate change mitigation policies/projects in the forest sector are identified and examined
in the light of the general criteria for sustainable forest management. Areas of compatibility and
contradiction between the climate mitigation objectives and the minimum criteria for sustainable
forest management are identified and discussed. Emphasis is put on the problems of monitoring and
verifying carbon benefits associated with such projects given their impacts on pre-existing policy
objectives on sustainable forest management. The implications of such policy interactions on
assignment of carbon credits from forest projects under Joint Implementation/Activities
Implemented Jointly initiatives are discussed. The paper concludes that a comprehensive monitoring
and verification regime must include an impact assessment on the criteria covered under other
agreements such as the Biodiversity and/or Desertification Conventions. The actual carbon credit
assigned to a specific project should at least take into account the negative impacts on the criteria
for sustainable forest management. The value of the impacts and/or the procedure to evaluate them
need to be established by interested parties such as the Councils of the respective Conventions.

Key words: sustainable forest management, climate mitigation, criteria and indicators, carbon offset
projects

1. Introduction

The forest sector plays a significant role in the accumulation of greenhouse gases
(GHG) in the earth's atmosphere, and has a potential to play an even bigger role
through GHG emission reduction and/or increasing carbon dioxide (CO)
sequestration in vegetation, detritus, soils, and biomass-based products. In the
IPCC Climate Change Report (1995a), it is estimated that if various measures are
implemented in the forestry sector, it is possible to sequester between 1.2 and 1.8
billion tonnes of carbon (Pg C) annually for the next 50 years.

Despite the high profile accorded to forests in the climate change debate, the
state of global forests and their rate of depletion had been of concem in the
international community for some time. The impact of humans on the world
forests has led to a decline of about a third of the original expanse estimated at 6.2
billion hectares (Lanly, 1982). The problem is more critical in the tropical
regions, where an estimated 154 million hectares were lost in the decade ending
1990 alone (FAO, 1993a). As such there have been numerous efforts at national
and international levels which emphasize the need to manage forest resources
sustainably, with the tropical forests receiving much of the attention.

Some of the most notable initiatives include the Tropical Forestry Action
Plan (TFAP) (WRI, 1987), the International Tropical Timber Agreement (ITTA,
1984) which sought to achieve a sustainable use of tropical forests, as well as the
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Noordwijk Declaration (Noordwijk Report, 1989), which called for a net increase
of global forest cover by 12 million hectares annually. More recently, linked to
the United Nations Conference on Environment and Development (UNCED,
1992) the “Forest Principles” issued under Agenda 21 urge the global
community to pursue sustainable management and conservation of all types of
forests.

The twin objectives of using forestry to mitigate climate change and
managing forests sustainably do pose a challenge in monitoring and verifying
benefits from carbon offset projects in the sector. The purpose of this paper is to
explore the concept and practice of sustainable forest management and its
compatibility with global climate change mitigation. The likely impacts of
various types of mitigation policies on a minimum set of criteria for sustainable
forest management are identified and discussed. Issues associated with assigning
credits from such carbon-offset policies/projects and the implications on a credible
monitoring and verification regime are high-lighted.

2. Background

Forests have always been a primary resource in human sustenance and
development. They have been the main source of agricultural and pasture land,
wood fuel, solid wood, fibre, environmental services, and a host of valuable
non-timber products. The dependence on forests for these and other goods and
services has led to depletion of large portions of the global forests, with tropical
forests being the most vulnerable due to high growth rate of land-dependent
population and fast increase in the demand for tropical forest products. The
severity of the problem varies across regions, but it is most critical in Asia and
central and south America.

In southeast Asia, only a third of the land area is currently covered with forests
(D'Silva and Apannah, 1993) and it is estimated that the rate of deforestation in
India, Nepal, Philippines, Sri Lanka, Thailand, Malaysia, and Indonesia is
approaching 2 million hectares per year. At this rate, the original forest cover in
the region, which exceeded 725 million hectares, will be halved by the turn of
the century. Furthermore, in a region which is home to about half the world’s
population, it is estimated that agriculture needs an additional 20-25 million ha
by year 2000. This trend seems to be incongruent with the goals to increase the
land area currently under forests, for example: (a) India to 30% from 23% (b)
China to 20% from 13% (c) Thailand to 40% from 28% (Makundi et al., 1992).

The fast growth of many economies has been driving the excessive demand
for tropical forest products. About 5.5 million hectares of undisturbed tropical
forests are logged every year , and another 7.5 million hectares of logged-over
forests are annually re-logged (Lanly, 1982; Myers, 1984). The disappearance of
forests is linked to their economic value under the existing modes of utilization.
Logging is responsible for the deforestation of about 1.5 million hectares annually
(FHB, 1994), which is about 10 percent of the world’s deforestation. Timber is
the second foreign currency earner after oil, earning $4.2 billion for Indonesia in
1991, and $3.8 for Malaysia in 1992. To make matters worse, the Asian region,
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which has the fastest growing economies in the world, is rapidly becoming wood-
deficit and the World Bank (1992) projects that by the year 2000, the region
will import forest products to the tune of $20 billion a year. For example, India
has seen its import bill for industrial roundwood expand from $1.8 million in
1981 to $124 million in 1991. Such trends are at the root of the various efforts
intended to manage forest resources sustainably.

Associated with the deforestation and consumption of forest products are
emissions of GHG to the atmosphere. The world's forests store large quantities of
carbon, estimated at 340 Pg C in vegetation and 620 Pg C in soils. Changes in
land use in lower latitudes are estimated to contribute between 1.1t0 2.1 Pg C of
net emissions annually into the atmosphere (IPCC, 1995b), mostly from south
and central America and Asia. This trend is projected to worsen to varying
degrees in each region. For example, in the absence of effective mitigation
policies, the Asian forests, which are currently responsible for about 6% of the rise
in atmospheric CO,, are projected to contribute much more because they are
uniquely close to centers of rapid economic and population growth, and so they
are more vulnerable than comparable expanse of forests in other regions (World
Bank, 1992). The deforestation of the Amazon continues to dominate emissions
from land-use changes (Fearnside, 1996).

However, forests can also play a major role in absorbing atmospheric carbon.
There is a large capacity for forest ecosystems to sequester carbon by increasing
biomass density in existing forest lands through natural and enhanced
regeneration, as well as expanding carbon stocks by conversion of non-forest lands
to forests. The mid- and high-latitude forests are estimated to be a net sink of
between 0.5 and 0.9 Pg C annually (Brown et al., 1996). Although there is some
controversy over biomass equilibrium in mature forests, a few recent studies seem
to suggest that some apparently mature tropical forests sequester up to 2 tC per
hectare annually (Grace et al., 1995; Lugo and Brown, 1992).

Measures to reduce emissions from land-use changes, as well as a combination
of carbon sequestration in existing forests and in new forests, offer a real
opportunity to reduce the amount of CO. in the atmosphere, most of which comes
from burning fossil fuels. The United Nations Framework Convention on Climate
Change (UNFCCC) as indicated in paragraph 1 (d) of Article 4 of the Convention
commits signatories to:

promote sustainable management and cooperate in the conservation and
enhancement of sinks and reservoirs of all greenhouse gases not
controlled by the Montreal Protocol, including biomass, forests and
oceans as well as other terrestrial, coastal and marine ecosystems (United
Nations, 1992).

Other sections of the UNFCCC specifically require systematic observation of
pertinent areas related to the climate system, including inventory of GHG and the
impact of response strategies.

Pursuant to the commitment to manage forest resources sustainably, the
United Nations Council for Sustainable Development (UNCSD) established the
Inter-governmental Panel on Forests (IPF) in 1995, with a mandate to formulate
relevant policies for meeting the challenges of sustainable forest management.
Other related instruments resulting from the UNCED process that have a direct
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bearing on the management of global forests include the Convention on
Biological Diversity and Convention to Combat Desertification. These policy
instruments must be taken into account when addressing the role of forests in the
global climate system.

Reconciling the two objectives of managing forest resources for climate-
change mitigation and achieving sustainable forest management pose some
interesting challenges arising from the ambiguous definition(s) and the existence
of diverse multiple objectives for sustainable management of forests within the
context of sustainable development.

2.1 DEFINITIONS OF SUSTAINABILITY

The verb sustain originates from the Latin word sustenere, meaning to maintain
at an elevated position. In practice, the concept of sustainability alludes to an un-
ending state, be it of a static entity or of a dynamic process such as the use of
resources. In its theoretical form, sustainability involves a perpetual time frame,
but in practice the time horizon implied is that period within which the level of
the static or dynamic "state" is desired. Whereas sustainable supply of oxygen
refers to infinite time horizon, the sustainable supply of coal may only refer to a
few decades needed to phase out the use of such an energy source.

In the conventional resource-utilization context, the concept has often been
used to refer to a physical concept of either a single resource or of an intertwined
group of resources such as an ecosystem. The emergence of a more
comprehensive school of thought, which approaches sustainability as a socio-
economic concept associated with the management and use of physical resources
(Dixon and Falcon, 1989), has broadened the debate and made the practical
application of the concept much more complex.

Sustainable development was defined in the World Comm1sswn on
Environment and Development Report, commonly known as "The Brundtland
Commission," using very general but compelling language. The term was
defined as:

development that meets the needs of the present without
compromising the ability of future generations to meet their needs
(WEC, 1987).

In order to translate this general definition to specific applicable policies, a
myriad of definitions have sprouted everywhere (Michael, 1992), serving different
interest groups, at times with diametrically opposed objectives (O'Riordan,
1988). Different countries have tried to formulate relevant policies of varying
degrees of sophistication to achieve sustainable development. One of the more
comprehensive coverage of the term is contained in Costa Rica's Sustainable
Development Strategy (Quesada, 1990), where sustainability is defined as:

...a dynamic process in which management of natural resources, the
empowerment of human beings, the focus of scientific and
technological development, the formulation of new legal and
administrative schemes, and the orientation of the economy fortify the
options to satisfy the basic necessities of the current generation
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without destroying the ecological base or the life support systems on
which future development and environmental quality depend.

The concept of sustainable development is historically related to sustainability
of a natural resource in use. In resource management such as forestry, fishing, and
wildlife, the concept is commonly referred to as sustained yield, which has been
used to imply "a harvesting regime for a reproducible natural resource that
could be maintained over time." In forestry, the concept has its formal roots from
the 19th century German forester Faustmann (Gane, 1968) who advanced a
framework for determining the economic rent for land used for perpetual forest
management.

In ecology the concept of sustainability is used more broadly, and in general
carries the meaning of "preserving the status and function of entire ecological
systems." On the other hand, in economics, the concept is used with emphasis on
the "maintenance and improvement of human living standards," in which natural
resources and the environment are only a part of the story. In other fields such as
geography and anthropology, the term is used with emphasis on "maintaining
social and cultural systems" such as the preservation of indigenous peoples’
knowledge (O’Riordan, 1998, op.cit.)

To effectively be translated to natural resource management, the concept o
sustainability must be construed to include the preservation and maintenance of a
reproducible resource or the capacity to produce the goods and/or services
obtainable from it by current and future generations. This would tend to include
the emission reduction role of the forest. However, the additional sequestration
role does not automatically derive from the conventional sustainability concept,
but is here treated so since climate mitigation is one of the contemporary roles of
global forests. To discern the ecosystem's ability and potential to provide these
functions, one needs to know the initial state of the resource, which tends to lead
to different sustainable stream of outputs, each requiring different set and amounts
of inputs to achieve. Such initial states may include: (i) equilibrium forest
ecosystems — mature forest, (i) growing forest, e.g., secondary forest or a young
plantation or (iii) non-forested land, e.g., grasslands, exhausted and abandoned
agricultural land, and other land uses convertible to forestry.

Under an equilibrium forest ecosystem, sustainability alludes to conservation
of the ecosystem, such that it maintains its ecosystem functions. Such measures
may include protection against natural disturbances such as catastrophic crown
forest fires or epidemics, which may significantly alter the ecosystem. However,
since most ecosystems are degraded by human activities such as conversion to
agriculture, pasture and harvesting, the most effective measures to conserve such
areas should be those geared towards eliminating human encroachment, including
rural development policies, harvesting of non-timber forest products, land tenure,
tax disincentives, gazetting, and surveillance of protected areas .

Sustainability of an ecosystem, which initially constitutes a growing forest
such as a plantation or secondary forest, must be consistent with the desired future
use of the forest area. If the area needs to be reverted to an equilibrium ecosystem,
then the case becomes the same as that discussed above. If the area is slotted for
production forestry, then sustainability of this ecosystem implies the ability of the
forest to recover from disturbance(s) and produce the desired goods and services
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repeatedly. Measures to make this possible may include active management of the
area, enhanced regeneration, and even altering the species composition through
partial or complete introduction of other desired species. A monocultural forest
plantation constitutes an extreme form of this regime and will be referred to as
sustained yield management as described below.

The third type of initial state involves non-forested land such as grasslands
and abandoned pastures or agricultural lands. Sustainability of such areas must
also be consistent with the desired transitional and final state. In some cases, the
land needs to be left as open grassland or rangeland to play its necessary role. In
other cases, these areas are amenable to conversion to other land uses through
afforestation, natural or enhanced regeneration, eventually turning to a desired
ecosystem like production forest, catchment area, soil stabilization forest, etc. It is
obvious that sustainable forest management can only be defined within the
parameters of the initial state of the ecosystem, as well as the desired transitional
and final state of the area. Managing forests to meet specific or general human
needs has been practiced to a degree for some time.

In the context of this paper, we will use a definition of sustainable forestry as °
that management regime which produces forest products and services at a level
compatible with the maintenance of the ecological processes that sustain the
forests (Johnson et al., 1993). Although this is applied more frequently to natural
forest management, the idea is just as valid for human-grown or modified forests.
The sustainability aspect covered here does not address the “deep ecology” point
of view, which tends to discount the superiority of human needs over other
species.

This definition of sustainable forest management is still deficient since it
mainly focuses on streamlining the supply of goods and services from the
resource, without paying any attention to the demand structure which dictates the
levels of consumption. Taking the demand and prices as exogenous to the
management regime will force the examination of sustainability to be mainly
concentrated on physical flows of goods and services from the forest, and pay little
attention to the social and economic factors surrounding the use of forest
Tesources.

2.2 SUSTAINED YIELD IN FORESTRY

The apparent change in paradigm between conventional sustained yield and that
of forest conservation and sustainable development is now finding more and
more coverage in the literature (Damodaran, 1992; D’Silva and Appanah, 1993
op. cit; FAO, 1993b; Aplet, 1993; Maser, 1994). As mentioned earlier,
sustained yield management has been used in forestry to imply the production of
steady and perpetual flow of timber. The extreme idealization of this is what is
refemred to as a "normal forest", which constitutes a forest with an age structure
which allows for production of equal annual volume of wood in perpetuity
(Brasnett, 1953).

Although the concept of sustained yield was initially conceived for even-aged
forests (Gane, 1968 op. cit.), various technical approaches have been tried to
apparently achieve what has often been referred to as sustainable forestry in natural
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forests. Such practices typically involve some silvicultural operations such as
liberation of desirable species by cutting climbers and opening canopy, as well as
transplanting desirable species (often commercial timber spp.) to increase their
density, and light pruning to enhance vertical growth and merchantibility of
desired species. The regime has also discouraged clear-cutting and emphasized
less destructive harvesting methods commonly known as selective harvesting
e.g., patch and strip-felling, shelterwood selection system, single tree extraction,
etc. Although there are relatively few natural forests managed this way (Poore et
al., 1989), there is no good evidence that this regime constitutes sustainable
management, even for timber production (WRI, 1991).

It is argued that the system has not been in use long enough in diverse
enough ecosystems to allow a comprehensive evaluation of its performance under
the stated objectives. Furthermore, some evidence exists to show that selective
harvesting has been associated with substantial damage to non-target vegetation
(Johnson and Carbale, 1993). The manipulation of species structure tends to favor
those species which are more valuable under current utilization technologies and
consumer preferences, thus reducing the sustainability of the other timber species
which have potential uses given technological and market changes. It would
therefore seem that sustained yield forestry is but a subset of sustainable forest
management which focuses on timber production, while the latter covers a wider
array of goods and services.

2.3 NATURAL FOREST MANAGEMENT

Although the concept of sustainable forest management has its roots in sustained
yield forestry, it involves a broader scope and more complex spectrum of goods
and services. However, the case for sustainable management of natural forests has
mostly been based on showing that the economically useful species regenerate
naturally after initial harvesting, and in a few cases, after the second rotation
(Keto et al., 1990; Poore et al., op. cit.). The case against this claim is based on
the fact that natural regeneration covers only a few species and it has not been
shown that the pre-harvesting species and biomass density is ever achieved in
successive rotations (Moad, 1989). This historical caveat not withstanding, most
policies on sustainable management of natural forests seem to imply a desire for
restoration of the ecosystem to its pre-utilization condition, involving
regeneration of the original species mix, restoration of soil conditions and re-
constitution of the ecological functions of the area (Freezailah, 1994). However, a
deeper examination of this widely held view on sustainability of natural forests
reveals a more complex reality.

For a production forest, a complete re-constitution of the prior ecosystem may
not be feasible, neither desirable — given the management objectives. Once the
forest is sufficiently disturbed, some of the macro and micro ecosystems are
altered in very profound ways, unleashing a mosaic of dynamic processes at
species and substrate level. Such changes may include the edaphic and microbial
conditions, hydrological and temperature regimes, extent and duration of exposure
to light, structure of the residual vegetation, and a different regenerative mixture of
seeds, seedlings, saplings, and coppices. These conditions dictate the dynamic
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processes which will eventually lead to a new equilibrium. Under an irrevocably
degraded ecosystem, possibly from unsustainable forest resource utilization, the
new eco-equilibrium is significantly different from the pre-utilization equilibrium.

There are other important transitional-state issues which need to be addressed
when dealing with ecosystems which have been disturbed by human activity or
natural causes. Even if the utilization was conducted in such a way that it would
ensure a re-constitution of the original ecosystem, such a process takes a long
period of time. Different utilization regimes lead to different recovery paths each
with different time horizons, and none with a 100 percent chance of total re-
constitution. Each path has a different probability of recovery, depending on inter
alia, the initial conditions, the disturbance intensity, the likelihood of seeding
(e.g., from surrounding vegetation), and most important of all, the nature of
intervening events after the disturbance, whether natural or anthropogenic.

It is also important to note that the disturbed ecosystem was not a static
system, but rather a dynamic mosaic of biota, substrate and ambiance. Although
the forest may be seen as a stable equilibrium, there are processes and micro
ecosystems which are constantly changing. Indeed, the whole forest may actually
be in a particular stage of change, except that most of the natural and normal
change is quite slow, thus giving an impression of an equilibrium at the macro-
ecosystem level. It is not obvious that the entire ecosystem can ever be re-
constituted, neither is it obvious that this is necessary for sustainability to be
realized. Strict interpretation of re-constitution would require one to predict the
ecosystem structure and function at the future date, upon which the recovering
forest area can be evaluated and compared. This is a difficult task that can be
approximated through comparison with undisturbed ecosystems of same/similar
structure prior to the disturbance.

On the other hand, one has to acknowledge that the ecosystem function is a
continuum which has various utility to humans at different time periods. Timber
may be the product which is harvested 30 years after the initial disturbance, but
other annual and shorter-term products may actually be available prior to full
recovery. Water catchment capacity is one such service, as well as herbs and
fruits. There exists other transitional functions which would not otherwise have
been obtained under the initial equilibrium. A good example is the fact that the
pioneer vegetation after harvesting (especially clear cutting) precedes a climax
vegetation and some of the functions of the pioneer ecosystem are different from
the climax ecosystem. Herbs, fruits, pollen, and habitat provided during the
transition is a different set of goods and services, some of which can not be
provided by mature climax vegetation.

Transitional goods and services from recovering deforested areas which meet
Brundtland Commission definition of sustainable development with regard to
satisfaction of inter-generational needs, tend to lend credence to the more liberal
definition of sustainable forest management. Such a view must consider
recovering natural forest as an integral part of a natural forest sustainable
management system, which provides various goods and services as secondary
forests compared to climax forests. If transitional forest products and services are
included in the examination of sustainable forest management, the issues of
monitoring and verification must then include measuring the production adequacy
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during these transitional states, and not only the production capacity of the
equilibrium states.

To the extent that forestry policies or projects are intended to mitigate climate
change — such as those falling under JUAL iniatives, their impact on sustainable
natural forest management should be assessed in light of the issues of re-
constitution, transition, and equilibrium states of the ecosystem. Monitoring
equilibrium-state goods and services can be undertaken using standard biometrical
and productivity tracking methods. Surveys and biomass studies are the most
common methods to estimate timber output and other products. Transitional
products and services such as fruits and hydrological control, can be monitored
periodically as they come on stream. These products and services will vary from
one project to another, and over the lifetime of the project, and as such,
accounting for them should be based on established methods for measuring the
ecosystem's yield at various times. However, the climate mitigation benefits
should be evaluated against some clearly defined criteria for sustainable forest
management, paying specific attention on the impacts of such projects/policies on
the criteria.

3. Criteria for Sustainable Forest Management (SFM)

In policy analysis, a criterion is defined as a distinguishing characteristic of an
instrument that provides policy framework, while an indicator refers to a
measurable variable in relation to a criterion (Maini, 1993). More specifically,
FAO (1995) defined a criteria in this context as “identified elements of
sustainability against which forest management can be assessed.” Ecologists have
identified a set of minimum ecosystem health indicators which should be used to
monitor the state of a forest which has been disturbed in comparison with the
preceding virgin ecosystem (Johnson and Carbale, 1993).

3.1 ECOSYSTEM HEALTH INDICATORS

Assessment of the following list of indicators provides a good basis for evaluating

the health of a given ecosystem, which in turn forms one of the tenants of

determining whether an ecosystem is being managed sustainably given the social

objectives. :

(i) Biodiversity
The status of fauna and flora at various intervals, especially those responsible
for seed dispersal and pollination of plants on-site and off-site is important for
biodiversity assessment. A healthy ecosystem with biologically diverse
populations should have the capacity for natural regeneration of important
pioneer and climax species and to accommodate a natural balance of animal,
insect, and bird populations. In its broader definition, biodiversity does
subsume most of the other ecosystem health indicators since it includes
landscape patterns, habitat and guild structure, taxic composition,
hydrological characteristics, etc. However, for the purpose of assessing SFM
criteria, these indicators need to be addressed separately.
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(i1) Nutrient status

Availability of mineral and organic nutrients, including the rate of depletion or
accumulation provide information about the capacity of the ecosystem to
support vegetation.

(iii) Microbial and soil fauna

Density and activity levels of soil modifying microbes and micro/macro fauna.
(iv) Hydrological characteristics

Thawing, water quality, flow, retention, and evapo-transpiration rates.
(v) Edaphic and landscape stability

Soil erosion and translocation of litter and organic matter to other areas,
including downstream water bodies.

(vi) Microclimate

Soil temperature, moisture, and humidity govermn germination and
seedling/sapling survival.

(vii) Natural disturbances
Propensity of fires, epidemics, wind impact should be monitored over time.

Unsustainable forest management has adverse impacts on each one of these
indicators. Although the indicators tell us the health of the ecosystem, sustainable
forest management is not always defined or interpreted from this point of view.
Various institutions such as the International Tropical Timber Organization
(ITTO) and the United Nation's Food and Agricultural Organization (FAO) have
attempted to identify the essential elements of a sustainable forest management
policy. Since 1990, but more so after UNCED summit in Rio, there have been a
number of efforts to identify the relevant criteria and indicators for sustainable
forest management. The conclusions of each of these initiatives reflect the forces
driving the effort, although some common elements appear in each set of criteria
and indicators. The three levels of interest, that is global, national and
management-unit, necessitate identification of criteria which address each level's
concerns.

The ITTO, responding to timber market pressures, came up with five national
criteria with 27 associated indicators and six site-level criteria with 23 indicators.
The most important criteria are summarized in Section 3.2. In 1994, the
European Union through the Helsinki process arrived at a combination of six
criteria and 27 indicators for sustainable forest management, while a non-European
group concerned with temperate and boreal forests under the so called Santiago
Declaration in 1995 identified six criteria and 67 indicators (ISCS, 1996). Both
the Helsinki and Santiago initiatives were responding to pressures from
environmental groups concerned with respective forest ecosystem management.
On the tropical front, the eight countries which are signatories of the Amazonian
Cooperation Treaty advanced the Tarapoto proposal, listing 12 criteria with 77
indicators, with the emphasis being on the sustainable utilization of the Amazon
resources for their national socio-economic development, while paying some
attention to environmental concerns. The last major effort was a proposal with
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seven criteria and 47 indicators for Dry-Zones in Africa which was spearheaded by
the UN as an outgrowth of the UNCED process. Since our main interest lies in
the compatibility of sustainable forest management with climate mitigation
policies and/or projects, we will use the ITTO and FAO criteria to highlight the
areas of compatibility and contradiction which must be addressed in the course of
monitoring and verification of such projects.

3.2 ITTO’S CRITERIA FOR SFM

One of the first institutions to put forth criteria upon which sustainable forest
management should be based was the ITTO. Article 1(H) of the International
Tropical Timber Agreement (ITTA, 1983), the legal instrument which instituted
ITTO, clearly states that the objective of the organization is "to encourage the
development of national policies aimed at sustainable utilization and conservation
of tropical forests and their genetic resources, and at maintaining the ecological
balance in the regions concered" (ITTA, 1983, 1994). Pursuant to a 1988 survey
(Poore et al., 1989) of sustainable management in tropical timber producing
countries which found that only a negligible amount (less than 1 million hectares)
of the world's moist tropical forests were managed sustainably, and consistent
with the agreement's preamble and article 1(H), the ITTO issued a working
definition of sustainable forest management in 1990. This definition emphasizes
production of a continuous flow of desired forest products and services without
undue reduction of the forest's inherent values and future productivity, and
without undue undesirable effects on the social environment (ITTO, 1992). In an
attempt to translate this principle into a policy framework, the organization issued
a list of 41 guidelines intended to move countries towards the goal of sustainable
forest management (ITTO, 1990).The following criteria constitute the key
elements addressed by the guidelines:

(i)  Establishing a permanent forest estate. A need to establish a permanent
forest estate (PFE), whether public or private, in order to secure optimal
contribution of forests to national development. The main categories to be
set aside include land for nature conservation, protection forestry, timber
production, and other forest products, or a combination of these objectives.
The guidelines recommended that in establishing the PFE, the area should
be surveyed and clearly demarcated in consultation with surrounding
populations, taking into account their present and future needs for
agricultural land and their customary use of the forest.

(i)  Conservative harvesting levels. A need to set conservative harvesting
levels (annual allowable cut) bearing in mind current limited
understanding of tropical forest dynamics. In practice, this will mean
conservative setting of rotation age, felling cycles, girth limits, and
selection intensity, parameters which will be amended as permanent
sample plots begin to yield more reliable information about the forest
dynamics. Environmental impact assessment should be carried out prior to
harvesting, and logging damage to residual vegetation minimized.

(ili) Involvement of local people. In recognition of the importance of social
issues, the guidelines state that the success of forest management for
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sustained timber production depends to a degree on its compatibility with
the interests of local populations, and they should be consulted prior to
planning and implementing forestry operations.

(iv)  Strong political commitment. A need for a strong political commitment to
a national forest policy on sustainability, supported by legislation and in
harmony with other sectors. The interests of all players should be
considered, with the concessionaires ensured of long-term viable
concessions. Benefits of local population must be taken into consideration
while management and governments receive sufficient revenues from the
operations, since forest management for timber production can only be
sustained in the long term if it is economically viable.

The ITTO hopes that if such criteria are adhered to, the tropical timber-
producing countries will move closer to a more sustainable forest management,
with a strong emphasis on timber production, without blatant disregard for the
other products and services from the forest estate. There is still some skepticism
on the effectiveness of this policy because the criteria are seen as too narrow with
the timber production aspect dominating the other aspects (Goodland, et al.,
1990).

A recent study by Rice and Gullison (McRae, 1997) on the effect of applying
the ITTO criteria to the Chimanes Permanent Timber Production Forest in the
Bolivian Amazon indicates that this criteria tends to lead to a serious loss of
biodiversity, mainly due to the silvicultural requirements for regeneration of the
targeted timber species; in this case the shade intolerance for mahogany. Under
certain circumstances such as the remoteness of the forest, prevailing interest rates,
enforcement regimes, etc., even the commercial timber trees for which these
criteria of sustainability is focused get severely depleted. Such concems have
made the development of a more comprehensive set of criteria for sustainable
forest management very imperative. In response to this need, the UN FAO (1995)
proposed a short list of basic objectives which would form the foundation for a
sustainable forest management policy.

3.3 FAO’S CRITERIA FOR SFM

The FAO's criteria incorporate most of the ecosystem health indicators, but also
address some of the key services of tropical forests, including climate change. The
following is the summary of the criteria and the corresponding indicators:

(1) Protection of biodiversity. This will involve setting aside areas deemed
necessary for biodiversity and protecting from encroachment those already
conserved for this purpose.

(ii) Maintenance of forest productivity, which will ensure a sustained flow of
forest products for human consumption, from both natural and human-grown
forests.

(ili) Maintenance of forest vitality to ensure and/or increase the capacity of the
forest to support life. Also maintain and improve the resilience of the
ecosystem.

(iv) Protection of soil and water, specifically for reducing soil erosion and
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improving water catchment role of the forest. Soil protection will also reduce
emissions of soil carbon and enhance soil carbon storage.

(v) Contribution in carbon cycling. Under this item, emphasis should be on:

o utilizing biomass to substitute fossil fuels e.g. biomass-based power
plants to replace fossil fuel electricity generation,

e  sustainable harvesting of timber from natural forests.

e  plantation timber substituting for emission intensive materials such as
steel, cement and plastics in construction, industrial packaging and in
furniture,

e  plantation timber production to substitute for natural forest timber,

(vi) Enhancing social and economic benefits through:
e  sustainable harvest of timber and non-timber products

e  matching demand and supply of forest products and services (both short
and long term)

e by generating incomes, employment, taxes, foreign exchange, and
improvement of rural infrastructure.

The theme of this criteria for sustainable forest management is to run the forest
estate for provision of goods and services while maintaining the integrity of the
ecosystem. However, some of the objectives may prove to be contradictory when
applied in small ecological units. For example, economically viable timber
harvesting may not be reconcilable with maximization of biological diversity on
the same forest tract. It is unlikely that timber harvesting can be reconciled with
biodiversity of rare insects, epiphytes, microbial organisms, or avi fauna. Another
objective which contradicts some of the sustainability criteria is reduction of net
carbon emissions. While the objective for contribution to carbon cycling deals
with climate change issues directly, each of the other objectives have an indirect
impact on GHG emissions and/or carbon sequestration in the forest sector. In the
next section, we examine the relevance of sustainability criteria from the various
foci to climate change mitigation.

4. Sustainable forest management and climate change mitigation

As mentioned earlier, sustainable forestry has often been explored using the
physical resource approach, where sustainability consists of managing the forest
resource without reducing the stock, which in turn is determined by site factors
such as nutrient availability, climate, precipitation, species composition, etc.
the ecosystem is in equilibrium in terms of biomass, any harvesting involves
drawing down the stock, albeit temporarily. Biomass harvesting for sustainable
forest management involves the removal of biomass not exceeding the periodic
growth (usually mean annual increment). For this to be consistent with the
broader definition of sustainable development, such harvesting has to observe the
SFM criteria as well as fall within the legitimate human needs. Since it is
difficult to determine the appropriate level which is required by society, the
minimum one could do is to utilize as much of the biomass extracted as possible
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and assume that in the absence of major distortions in the economy, prices will
arbitrate the optimal level of consumption.

Different practices in forest management may be construed to be sustainable,
and yet they have distinctively different implications to biodiversity as well as
carbon cycling. The classical examples often quoted are those involving the
conversion of natural forests to rubber plantations (e.g., Malaysia, Thailand,
Indonesia, etc.), versus latex tapping from rubber trees in natural forests (eg.,
Brazil, Bolivia, etc.). The former constitutes an economically sustainable regime,
although it has a very low biodiversity index, while the latter is economically
unsustainable (due to competition from rubber plantations) but is environmentally
sustainable with a high biodiversity index. The two options have very different
GHG implications. Determining the criteria which carries more weight is at the
core of the problems of reconciling the SFM objectives to those of climate
mitigation.

In this section, we attempt to link the issues associated with climate change
mitigation in forestry to the specific standing policies under sustainable forest
management. The problem is first examined at general policy level to see how
sector-wide mitigation policies interact with sustainability criteria. Then we
discuss the likely impact of specific types of mitigation projects on the SFM
criteria.

4.1 SECTOR-WIDE MITIGATION POLICIES

At general level, mitigation policies must address the areas where significant
reduction of emissions and/or carbon sequestration are possible. The most
effective mitigation policies should reduce emissions through reduction of
deforestation. Sustainability at the forest management unit level must take place
within a conducive framework of sustainable management of the forest sector,
preferably as a part of a sustainable development policy. An area of priority would
be to formulate policies which address the core causes of tropical deforestation.

By and large, tropical forests are lost through clearing for farming and pasture,
extraction of woodfuel and fodder, and excessive commercial logging. In general,
the process is driven by socio-economic policies governing land use,
development strategies, trade, and other macro-economic policies. However, at
the sector level, the three major failures which underlie the tropical deforestation
crisis include those related to economic policy in forestry, institutional
inadequacies, and lack of technological improvements.

In the policy area, there has been a divergence between private and social
costs, that is, those who derive private benefits from the public forests do not
compensate society the full costs associated with their actions which is borne by
others. The symptoms of these failures include setting stumpage prices lower than
the cost of replacing the removed trees under various guises such as supporting
forest-based industrialization in the country by using cheap local inputs.

The institutions which are in place were established decades ago, in most
cases during colonial era, with structures which served the mandates of the time,
mainly to administer harvesting of timber resources for the metropolis, and
protect the forests from "encroachment" by local communities. For historical
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reasons, these institutions lack community support, and they operate in an
environment with ambiguous property rights. As such, they can not adequately
serve the contemporary purposes of social forestry and multiple-use management
for local and global environmental services.

The technical factors contributing to deforestation include lack of adequate
information on the dynamics of the ecosystem, e.g., species structure, growth
rates, interdependence of members of the ecosystem, poor understanding of
impacts of various harvesting schemes, use of old vintage technologies for
converting timber to products, etc.

Changes at the level of forest policy, institutions, and technological
improvements which reduce deforestation are most likely going to be consistent
with the SFM criteria. However, in the short term, there may be some
dislocations as may happen in the case of laid-off workers who were dependent on
a logging company which was operating unsustainably. The intertwined nature of
the economy and the critical position of forestry as a primary sector makes it
difficult to monitor and verify the impacts of sector-wide mitigation measures.

Modifications in stumpage-pricing policy, increases in concession fees, or
establishment of decentralized and more responsive institutions, and increased
research efforts can be monitored and their implementation be verified at various
times. The impact of such policies cannot be easily assigned to each individual
aspect, but a change in the trend of deforestation should be considered as an
indicator of their effectiveness. However, due to intersectoral effects and linkages
between policies, the verification regime should carefully include assessment of
new or other policies in the sector and related sectors which reverse and/or
contravene the intent of the mitigation policies. Monitoring the deforestation
trend by itself is not adequate to evaluate the impact of these general level
measures. :

4.2 IMPACT OF MITIGATION PROJECTS

Climate change mitigation projects in forestry involve three types of actions. The
most effective in the short term are the GHG emission-reduction measures such as
forest conservation and efficiency improvement in biomass extraction and
utilization. The second type involves sequestering carbon in existing and
expanded ecosystems such as in reforestation, afforestation, and agroforestry. The
last projects are those intended to substitute non-renewable carbon-intensive
products such as fossil fuels, chemicals, construction material, and unsustainably
harvested wood with sustainably grown biomass and its derivatives. Each one of
these mitigation policies is related to sustainable forest management in some
form. To examine the interaction of these two major objectives, we will use the
FAO criteria which seem to offer potentially good stewardship of forests and
possibly a good chance for sustainable forest management.

In the criteria listed under Section 3.3, carbon cycling is explicitly mentioned
as an objective of SFM. However, each one of the sustainable forest management
objectives is collaterally related to climate change via GHG emission reduction or
by carbon sequestration. Also, the feedback effects from climatic change such as
CO: fertilization, succession and migration of ecosystems, etc. will impact each
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one of the SFM criteria (Solomon and Cramer, 1993). It should be borne in mind
that any assessment of the interaction between carbon offset projects and SFM
criteria is complicated by the uncertainty in the dynamics of natural forests and
the long production periods involved. In natural forest management, cause and
effect can not easily be predicted (Maser, 1994).

Assessing the performance of a management regime given a set of criteria may
pose some difficulties due to lack of comparable indicators (Prabhu, 1994).
Criteria such as preservation of biodiversity or degree of social acceptance may not
be easily measured and trade-offs between criteria are even more difficult. The
complex dynamics of forestry make any action or policy implemented in the
sector have multiple inter-related effects, many of them being incidental to the
main objective of the policy. In this section we will attempt to discuss the
collateral impacts of mitigation projects on sustainable forest management.

In previous sections we alluded to the various types of indicators and criteria
which have been put forth by different sources. To illustrate the pertinent issues of
SFM and climate mitigation in forestry, we have listed the FAQ criteria in Table
1 against the various types of mitigation projects in forestry. We try to score in
each case the likelihood of impact of a typical project in each category on the
SFM criteria, showing whether the criteria will be affected positively (enhanced),
negatively (harmed), or whether the project has no impact (neutral). The
usefulness of such information is to indicate how each project will influence SFM
criteria. The mitigation criteria, i.e., emission reduction or carbon sequestration,
should be considered in light of the impact the project has on other standing
commitments towards sustainable forest stewardship.

The country in which the project is to be implemented may already be
committed to the SFM criteria in prior international agreements such as the
biodiversity convention. SFM may be vital to existing national aspirations as
indicated by plans on resource management. To the extent that the effect of a
given project is non-neutral, the monitoring and verification regime must include
thorough assessment of the impacts on SFM criteria over and above the emission
reduction or C-uptake goals of the project. The impacts that enhance other
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