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RESPONSE

Measurement, Monitoring, and
Verification: Make It Work!

Coeli M. Hoover

T he capacity of forests to absorb and store carbon is certainly, as
the authors note, an important tool in the greenhouse gas

mitigation toolbox. Our understanding of what elements can make
forest carbon offset projects successful has grown a great deal over
time, as the global community has come to understand that forest
degradation and conversion are the result of a number of drivers, and
that successful forest-based climate mitigation programs must take
into account the need for residents to earn a livelihood. This realiza-
tion has lead to the REDD (Reducing Emissions through Defores-
tation and Forest Degradation) program of the United Nations, and
more recently to REDD�, which broadens the scope to include
sustainable forest management and enhancement of forest carbon
stocks.

Forest carbon offset projects, both domestic and international,
face a similar set of challenges. At the core of these challenges are the
difficulties associated with measurement, monitoring, and verifica-
tion. Forest measurements are not new; the first forest mensuration
text was published in the United States in 1906 (Graves 1906), and
although we now possess laser rangefinders, digital data recorders,
and a greater understanding of the statistical methods behind sam-
pling designs, the fundamentals remain the same. The measure-
ments are not technically difficult to make. Challenges arise in the
form of difficulty of access to remote and rugged terrain, lack of
suitable volume or biomass equations, and, most critically, the ex-
pense of conducting an inventory that meets an acceptable error
standard. Another inherent difficulty is the problem of scale: the
number of plots required to meet a target error level is quite different
for a project than a nationwide inventory, and so it is unlikely that
one system can provide data to meet all users’ needs.

The authors note that accurate estimates of forest area are often
problematic in developing nations. In fact, conflicting estimates of
forest area can also occur in developed nations with a long history of
forest inventory. Part of the problem does stem from the definition

of “forest,” but disagreement in area estimates is also the result of the
use of differing imagery and methodology, because various organi-
zations have individual preferences and objectives. High-quality re-
mote sensing data are available at a variety of resolutions from a
number of platforms. What is lacking is international (and some-
times national) consensus on the base imagery and approach to esti-
mation. Although there will always be uncertainty in estimates (of
both area and biomass), consistently applied approaches can go a
long way toward constraining that uncertainty. The barriers are
more institutional than technical in this case.

The problems of monitoring and verification clearly require a
large spatial scale. Leakage is extremely difficult to detect on a proj-
ect-by-project basis, especially since leakage can easily cross political
boundaries. In addition, monitoring for disturbance (either natural
or anthropogenic) demands frequent reassessments to detect change.
A strong remote sensing component is critical to successful and
meaningful monitoring and verification. LiDAR (light detection
and ranging) in particular offers great promise as a way of conducting
large-scale repeated assessments of forest biomass, especially for re-
mote and rugged areas. However, the use of LiDAR approaches is
constrained by the need for field inventory data because mathemat-
ical equations that relate field data to LiDAR data need to be built for
different forest types, much in the way that biomass equations need
to be developed for different species. Recently established regenera-
tion is not easily detected by satellite-based sensors, and it can be
difficult to distinguish the nature of a disturbance without a site visit.
Boots on the ground and eyes in the sky are equally key elements to
a successful forest monitoring program (see Reams et al. 2010).

Of course, the costs involved are considerable; remote sensing
and field data collection are expensive. Funds for field inventory are
often difficult to obtain because the labor-intensive and low-tech
nature of the work is unattractive to funding agencies. Governance is
also a challenge; problems can arise in project management, land
tenure, and other areas. Technical capacity and infrastructure varies
widely, and mechanisms for dealing with the risk of reversals are still
developing.

In the face of these obstacles, it is tempting to simply wait until
the technical, policy, and organizational hurdles are overcome,
rather to risk investing in a still-developing offset framework. In-
stead, forestry professionals should view this as the field’s “Project
Runway” moment: that point where the designer, working against a
strict deadline, has hit a snag and is advised to “make it work!” If we
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wait for every wrinkle to be sorted out we
risk missing the window of opportunity to
reap the greatest benefit from offset projects,
especially in locations where forest conver-
sion is proceeding rapidly. Perhaps a rating
system similar to bonds could be used,
where programs with high quality measure-
ments, low risk of reversals, and good gover-
nance structures would receive a top rating
and command a higher price per ton while
projects that met a less stringent set of crite-
ria would receive lower prices. Such a mech-
anism would reward the effort required to
meet a high standard, while not excluding
projects where the capacity does not yet exist

to meet rigorous criteria. Community mem-
bers in the project areas can be trained to
conduct forest inventories, providing in-
come and building capacity at a low cost to
the investor. Using the mitigation potential
of forests effectively requires us to overcome
obstacles in the areas of measurement, mon-
itoring, and verification. I suggest that we
view this as an opportunity to engage in
adaptive management on a large scale. Only
by experimenting with a variety of solutions
to the policy, organizational, and technical
challenges of creating verifiable forest car-
bon offsets while providing livelihoods can
we learn which approaches are both feasible

and effective. We may not have all of the
answers, but it’s time to make it work.
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