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Potential areas for forest mitigation under the 
Clean Development Mechanism (CDM)

The first step to measure the potential of the national
forest sector to mitigate climate change is to identify
areas, which are eligible as potential project sites.
Under the definition of forest given in the Kyoto
Protocol, the areas must have been deforested
before 1990. To determine these areas, maps of land
use or forest cover up to 1990 are utilized to show
the extent of the deforestation until that point.

In the Belizean context, none of the available maps
covered exactly that period, with the closest being
the Land Use Map of Fairweather and Gray that
covered the period 1989-1992, therefore it was used.

Data extrapolated from the Land Use Map show that
up to 1989 about 217,241 hectares or 10% of the
national land area had been deforested for
agriculture, which was far and away the main reason
for deforestation in the country. Of the dedicated
agricultural area most was being used for annual
crops, sugar cane, shifting cultivation and pastures.
It is important to note that many agricultural
operations were mixed farming systems in which the
objective is for the production of more than one
agricultural commodity. 

Some of the areas deforested prior to 1990, has been
left to reforest naturally while other areas have been
re f o rested through human interventions (e.g.
plantation forest). The Kyoto Areas are all those
regions deforested up to the end of 1989, minus any
areas reforested in the intervening time period.
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Kyoto Areas with real mitigation potential
under the established criteria

Not all the Kyoto Areas will have real potential as
sites for reforestation projects. The four largest agro-
industries are sugar, citrus, banana and livestock
production, however the annual crops plus sugar,
citrus and banana cater to more or less stable
markets. Although the prices for these commodities
are mostly depressed, it is unlikely that areas
occupied by these crops will be dedicated to any
other land use for the time being, barring any
unforeseen and sustained market turbulence.

This does not mean that some of the areas dedicated
to these crops will not become fertile grounds for
re f o restation projects. Some farmers who are
disillusioned with the current low market prices may
decide to go into reforestation projects, providing
there are suitable incentives to do so. There are also
some areas occupied by agricultural enterprises,
which lie on marginal grade IV and V land. In times
of slim profits, it is easy to envision the owners of
these parcels warming to re f o restation pro j e c t s
under the CDM, given the high input of resources
that these areas require to be productive under their
existing production regime.

P a s t u reland may offer better opportunities for
re f o restation projects, especially where the
production regime is under unimproved pastures. A
good, but undetermined area of this grazing land,
has been left to re f o rest naturally around the
country. On the other hand, the improved pastures,
given the high level of management investments,
their tendency to be located on better soils and their
relative profitability are not expected to become
prime candidates for CDM projects.

A reas occupied by annual crops (usually
mechanized such as for rice, corn and beans) should
be regarded as dedicated long term usage. It is not
expected that a sizeable portion of these areas will
be available for reforestation projects. The trend to
date is for annual crop producers to diversify their

p roduction into other agricultural cash cro p
p roduction when the existing one experiences
unfavorable market conditions.

In the case of the tree crops (e.g. cashew, mango but
not including citrus) it is not expected that any of
these areas will be available for reforestation projects
given that they already have a high content of
sequestered carbon locked into their biomass. These
areas should be discounted completely. The flow
dynamics of anticipated land use changes is
summarized in Table 16 (further).

Areas with biophysical potential for 
reforestation projects

The identification of deforested areas with
biophysical potential was determined by overlaying
the Map of Land Use prior to 1990 onto the Map of
Soil Potential. In the case of Belize, the Map of Soil
Potential divides land into five classes on the basis
of their relative agricultural values. This is not in
agreement with the soil potential maps used in most
of the countries in the region, where the groupings
are in eight classes. An effort was made in this study
to reconcile the national soil potential maps with the
FAO maps to facilitate the regional analysis.

In this study, grades I and II soils were included as
potential areas for re f o restation projects under the
CDM on account of low population density and the
fact that land pre s s u res for agricultural expansion
on the better soils is not severe enough to warrant
their exclusion. This is definitely the case in the
Belize River Valley area, which has a sizeable
territory of unutilized grade I and II land. It is
t h e re f o re reasonable to conclude that re f o re s t i n g
these areas would not necessarily lead to
d e f o restation later on to liberate the land for
a g r i c u l t u re. It is important to note that other
significant factors will however come into play,
which will reduce the biophysical potential. 
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Areas with socioeconomic potential
for reforestation projects

To determine the potential project areas for CDM
activities, a third map was overlaid on the Land
Use/Soil Potential Map. Unfortunately no recent
maps showing socioeconomic parameters exist
within the country and any attempt to produce such
maps would have been time consuming and
expensive. The socioeconomic map produced for
this study uses data derived from the most recent
housing and population census conducted in 2000
and released in 2001. The map has 3 layers namely
population density, poverty levels and educational
attainment levels for the national population. It was
therefore decided to show the available data only at
the district level, instead of as for discrete and
overlapping locales (e.g. at the community level).
Because of this, the map of population density
should be viewed with caution. Although it correctly
reflects population density at the district level, it
does not accurately reflect population density on the
ground. For example, the Toledo and Cayo districts
have a large proportion of their vicinity under
protected areas designation where there are no
permanent human settlements. In the same vein the
Belize district would be one of the most sparsely
populated districts in the country since it has only

small areas under protection and most of the
population (72%) lives in Belize City. These were
overlaid to get a single map of socioeconomic
potential.

Assessing the socioeconomic potential at the district
level is allowed under the methodology in the
absence of available maps showing more discrete
categories.

An analysis of the Socioeconomic Map shows that
the Toledo district is the zone of highest
socioeconomic potential in all three areas having the
lowest population density and the least favorable
human development indicators. The Stann Creek
and Cayo districts also show favourable
socioeconomic potential to host CDM projects.

In determining the potential project areas, a matrix
was prepared showing land use and soil potential in
all grades (I, II, III, IV and V). Land uses in the
deforested areas were combined into seven broad
groups and their biophysical potential as sites for
CDM projects were evaluated. The basis for this
assessment comes from the Land Use Maps for 1989
and 2001 Ministry of Agriculture’s Annual Report for
2000-2001, and the Forest Department’s Report
contained in the Ministry of Natural Resources’
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Annual Report spanning the period 2000–2001 along
with relevant statistical data provided by these
ministries and the Central Statistical Offices. Once
the biophysical potential for the chosen categories
was determined, the Biophysical Map was

superimposed on the Socioeconomic Map. The
resulting map was graded in three levels of high
(15%), medium (10%) and low (5%) potential as is
shown in the matrix given in Table 14.

Establishment of the baseline assessment

The establishment of a baseline assessment is
important in trying to determine what would have
happened in the absence of the proposed project
activity. This will enable project proponents to
roughly guesstimate the anticipated additionality that
will accrue from their proposed intervention. 

To determine the baseline value, an inventory of the
existing land uses and the extent of these uses are
necessary. It is also important an evaluation of the
direction and the flow of land use changes for the
remainder of the project period (up to 2012). This
can only be determined from the historical and
existing land use trends but are highly subjective in
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that attitudes and practices could change overnight
for a variety of reasons. Because of this, baseline
assessments should be revised periodically. Despite
this obvious shortcoming, it is nevertheless the best
tool available to assist in the assessment. The
historical evidence shows that from 1989 to 1996
approximately 25,000 hectares were being lost to
deforestation per annum, while an estimated 5,000
hectares reverted back to forestland yearly. During

this period about 2,135 hectares were being
dedicated to forest plantations.

This represented an annual change of –1.4% and
+0.27% of the total forest area respectively. The
historical changes for the other main land use
category in the deforested areas is summarized in
Table 15 and the projected flows are summarized in
the matrix given in Table 16.
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In terms of future projection the matrix given in
Table 16 must be interpreted with caution since
incipient market conditions could drive the
p roduction of agricultural commodities in
unpredictable directions. On present trends, it is
anticipated that the rate of deforestation will
continue at existing levels as the population
increases and the country continues to rely on a few
main agricultural exports. This defore s t a t i o n
however, will not be evenly distributed across the
country, but rather will be concentrated in those
a reas of highest rural population density. The
recruitment of abandoned areas into secondary
forest is also expected to continue at present levels,
but may increase if population dislocation occurs
due to accelerated urbanization or if the economic
base is transformed due to worker preferences (e.g.
people from rural areas commuting into towns for
employment opportunities). 

Present market conditions dictate a stable market for
livestock producers as new export opportunities are
found abroad, however there is a high rate of
abandonment of unimproved pastures in the
country, especially of those occurring on lower value
soils. Subsistence agriculture, though being
increasingly abandoned by native-born Belizeans,
continues to be the mainstay for Central American
immigrants who settle in rural areas. With renewed
efforts on the part of the government to curb illegal
immigration there is a strong possibility for a
reduction in the areas dedicated to subsistence
a g r i c u l t u re, however the production trends for
annual crops will probably stay at present levels or
even increase over the next 10 years. Finally
d e f o restation cannot continue indefinitely;
eventually after all the forest on the better lands has
been removed, the only remaining areas would be
locked away in protected areas and presumably
beyond the reach of the agents of deforestation.

The situation with the perennial export cro p s
p resents the most unstable and unpre d i c t a b l e
situation. Market conditions are curre n t l y
d e p ressed for all three of the big commodities,
namely sugar, citrus, and bananas. It is possible
that there will be contraction in the area devoted

to sugar, if the Bagasse Co-generation Plant does
not come to fruition. Bananas, on the other hand,
will probably consolidate into larger more eff i c i e n t
operations as the protected trade arrangements,
which shielded Belizean banana exports in the
past, are removed. Citrus is expected to hold its
own over the next 10 years, but neither citrus nor
bananas is expected to expand much beyond their
existing land coverage, if at all given the un-
encouraging market outlook. The real possibility
remains that one or two of these major industries
will collapse over the next 10 years if their market
outlook does not improve significantly.

Quantification of the baseline 
for the potential project areas

The calculation of the baseline value is based on the
identification of areas on the map polygons as
potential project areas and the assumption that a
certain percentage of these areas will actually be
used as sites for CDM projects. The credibility of any
proposed CDM project rest on the assumption that
the baseline removal of carbon will be lower than
for the project activity. 

In this study the static approach is used to measure
the baseline. This approach assigns static or fix rate
for carbon uptake at the start of the project and uses
the same rate for the lifetime of the project. The
main advantage of this approach from an investor’s
point of view is that the amount of carbon credits
can be estimated before the onset of project activity.
The chief deficiency in using the static approach is
that long-term projections may not accurately reflect
carbon uptake hence the need to periodically update
the baseline assessment.

The area for the baseline is obtained from the values
assigned in the matrix of socioeconomic potential,
land use and soil potential given in Table 17. The
values given in the matrix are based on the historical
use tendencies of the area and on the current market
conditions for the existing land uses, which is
expected to have a major bearing in determining
future land uses.



43



44

There is no data on carbon sequestered in the
various types of agricultural operations in the
country, and therefore in the analysis of the baseline
values a generic rate of 10 tons of carbon per hectare
of pastureland is used, while a higher figure of 20
tons of carbon per hectare is assigned to cultivated
fields such as those producing annual crops like rice
and corn. In higher yielding citrus plantations is
assigned a value of 25 tons of carbon per hectare. In
areas where the necessary field data for carbon
values exist the formula used in this project is:

Baseline Carbon Value = Area * Incremental growth
(Annual Average) * density (0.6) * 50%

In the formula above the annual increment given at
the start of the project is the same for each of the
remaining years of the project (static approach).

In Table 18 an area was assigned to each of the
major land use categories that were deforested prior
to 1990. Based on historical use tendencies a
percentage of each of the areas was assigned a value
according to the probability that a portion would be
used for re f o restation projects. It should be
mentioned that historical use tendencies alone is not
a good gauge to measure the acceptability of
landowners in Belize to reforest since previous to
now there has been little or no economic incentive

to do so; a situation that will change with the
introduction of CDM projects. Although the analysis
varies a pattern is clear: the densely populated
heavily farmed, northern region has the least
potential in terms of dedicating its better soils to
reforestation. Since good land is at a premium it is
easy to imagine that most of the land given over to
reforestation in the northern region will be the most
m a rginal and unproductive type. The southern
region is the antithesis to this, with many
smallholders, and an agricultural base that is mostly
subsistence, but with a strong tradition for
re f o restation, especially in Toledo. The central
districts present an intermediate value between the
northern and southern potential.

In the analysis to determine the baseline value in
Table 18, only the deforested areas for land uses of
more than 750 ha. is utilized with the reasoning that
smaller areas for any reforestation project would be
uneconomical and would complicate the analysis
without producing tangible benefits for the outlook
of CDM projects. It should be borne in mind
however, that no area that qualifies under the CDM
criteria can be disqualified by this report, and the
information given here is geared solely at giving the
regional body a credible analysis of the potential of
the national forest sector to mitigate climate change.
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Potential project activities feasible 
under national circumstances

The practice of re f o restation is not common in
Belize, given the relatively low deforestation levels
within the country and the low priority accorded to
this activity by the national institutions. To date,
most re f o restation work has taken place in
response to natural disasters such as after
hurricanes or diseases, which have decimated fore s t
stands, as is currently the case with the pine fore s t
of the Mountain Pine Ridge Forest Reserve. In the
few instances where forest plantations have been
established in the past they have been plagued with
diseases and insect pest. The practice of
establishing agro f o restry plots is slowly catching on
now. There is currently a major initiative in the
south under the CARD project, which is targ e t i n g
the small farmers. Besides this, the Ministry of
A g r i c u l t u re, the Programme for Belize and Tre e s
Belize are spearheading other notable initiatives in
the northern and western regions of the country.
W h e reas no human induced re f o restation plots
w e re recorded on the 1989 Land Use Map, the
Ecosystems Map of 2001 recorded 2,135 ha. of
plantation fore s t .

There is currently no government incentive for
private landowners to reforest their land with timber
or any other trees. Most plantation forest are private
initiatives, formed with the objective of serving the
environmental ethic or as a business move to
anticipate future shortages of the high value timber
species or as shade for crops such as cocoa and to a
lesser extent coffee. This situation will be at least

partly addressed within the National Biological
Corridors Project, where a big emphasis will be
placed on payment for environmental services, and
other incentives to promote re f o re s t a t i o n ,
particularly in the context of strengthening corridor
linkages. The large open areas in the north of the
country have the best layout for large-scale forest
plantations; unfortunately, these areas also show the
least favorable socioeconomic and biophysical
indictors for the establishment of plantations. The
areas in the central region of the country including
the Stann Creek and Cayo district but excluding the
Belize district shows moderate potential for forest
plantations having a mix of large farms (mainly
p a s t u res, citrus and bananas) and smallholder
operations. In the southern region (Toledo) the
f a rms are mainly smallholder and subsistence,
however this area has the most credible historical
pattern of reforestation and this initial tendency is
being nurtured by the numerous conservation NGOs
that are active in this area.

The evidence to date suggests that farmers have
traditionally been more comfortable with the native,
high value species such as Mahogany (Swietenia
macrophylla) and Cedar (Cedrela odorata), although
some exotic species such as Teak (Tectona grandis) are
gaining in popularity. Market preference is high for
Mahogany and Cedar and there is currently a
shortfall in production for both woods, which will
only get worse in the future. Pine is not being
contemplated for reforestation efforts within this
project because a tiny portion of the Kyoto eligible
areas within Belize were traditionally planted to
pine, nor are the soil conditions suitable.
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In selecting suitable growing stocks for reforestation
projects under the CDM, it is important to look at
relevant factors such as soil potential of the areas
involved, cultural pre f e rences and market
conditions. Even areas with soils of a good grade
might not provide all the growth requirements for
certain species and there f o re it is useful to
investigate what species have been grown in the
various regions of the country and the results of such

e fforts. In the interest of maintaining high
biodiversity values (a national sustainable
development priority) and to ensure good returns
from carbon investments in reforestation projects, it
is recommended that the system adopted for
plantation systems use multiple high value species
interspersed between each other to minimize
incidences of pest and disease.



Estimation of total carbon sequestered
under each project activity

The amount of carbon sequestered under each
project activity in excess of what would have been
sequestered in the baseline, will constitute the
additionality of carbon benefits that will be credited
to the project. Finding the carbon sequestered per
hectare of project activity and multiplying it by the
number of hectares in each polygon of the map of
potential project sites will determine the total carbon
sequestered in these areas.

For Belize there is data available on a single carbon
sequestration project conducted in the northwest of
the country. However, the measurements are for
carbon sequestered in natural forest stands and the
carbon credits accrued from emissions avoided (the
project prevented the deforestation of an area) and
enhancement of carbon uptake due to management
interventions, e.g. suppression of wildfires, low
impact logging, and so forth. 

Based on data initially collected by the project it was
estimated that the total carbon stocks sequestered in
live and dead vegetation, excluding dead wood, was
153 t C/ha. When soil carbon is added to this value
the mean total carbon content raises to 285 t C/ha
with a 95% confidence interval and a calculated
precision mean of ± 9.6%.

In the 2001 operational period, the system for the
inventory of the carbon stocks was revised and
instead of using a series of 6m plots, the project
proponents decided on a series of nested plots
measuring 6m, 14m, and 20m radiuses. The use of
these plots over the areas previously covered with
the 6m plots produced different results and showed
that the total carbon stocks sequestered in live and
dead vegetation was 101 t C/ha with a 95%
confidence interval and a calculated precision mean
of ± 6.1%. When soil carbon is factored into the total
the figure rises to 233 t C/ha.

None of the data available from this project has
straightforward application to the CDM, since it is
assumed that national sustainable development
priority will dictate that projects invest in plantations
which not only use species that maximize carbon
uptake but also add to the national timber stock.
Thereby helping to alleviate timber shortages and
generate employment and foreign exchange
earnings. It is recommended that this “no-regrets”
approach be taken, although this should not rule out
completely the possibility that certain pro j e c t
proponents might want to reforest naturally creating
an indigenous climax forest. Research has shown
that such forest, if properly managed can
demonstrate high carbon offset values (Univ.
Helsinki Tropic. Forest Report, 2000).

Since these results are from the driest life zone of the
country (north) it is very difficult to extrapolate them
unto the southern forest where it is assumed that the
g rowth rates will be higher due to incre a s e d
availability of soil moisture due to a much higher
rainfall, although this alone cannot account for
higher carbon content.

Given that there are no existing re f o re s t a t i o n
plantation or agroforestry plot in the country where
carbon measurements have been taken, a generic
value is used for reforestation under both activities.
The available data for carbon sequestered for the
same species under plantation conditions vary
widely throughout the region and therefore any
attempt to use such information here would be
conjectural. The point is made that as soon as
possible; indigenous data should be obtained for
forest plantations under Belizean conditions. It was
decided instead to use the average of as many
different sites as possible to get a representative
sampling that could give a useful average for that
particular land use type. It is generally believed that
forest plantations are lest adept at sequestering
carbon than natural forest stands since their overall
biomass is reduced by the virtual elimination of the
under story and the spacing of trees. For this reason48
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it has been found that plantations at their highest
carbon values will only store about 70% of the
carbon stocks of the natural forest (Butcher et. al,
2001). Based on this figure if plantations were
planted at the project site in north-western Belize,
the projected output would be about 65.8 t C/ha,
which closely agrees with the median given in Table
21 for reforestation projects.

Table 21 shows the result of an extensive database
combined from the literature for five major forestry
practices. The table shows the median and
interquartile values for the mean storage for the five
practices under tropical conditions. The values
represent the mean carbon storage (MCS), which is

calculated by adding the standing biomass from each
year and dividing by the rotation length.

For those practices where the number of studies is
equal to or less than five the individual data points
are given rather than the median and interquartile
scores. The methodology for the calculation of
carbon values for this study requires that the highest
score (maximum volume) is used which will be 100
t C/ha for planted degraded tropical fore s t
(plantations) and 50 t C/ha for agroforestry plots.

Based on these estimates the proposed carbon
s e q u e s t e red due to project activities are given in
Table 22.






