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INTRODUCTION

- Belize has extensive forest and associated woodland resources characterized primarily by tall,

ghly diverse broadleaf forests, and secondarily by pine forests, low scrubby woodland areas, and

abundant mangroves, (King and others, 1986, 1989, 1992; Zisman, 1992; Forest Department, 1993;

dLIC, 1994)k. Among the environmentél issues facing Belize are deforestation and the management
forest resources. Thousands of hectares of broadleaf forest have been cleared for agriculture
d other purposes (Fofés.t Department, 1993). Nevertheless, it is generally believed that the
ount of deforestation that‘has occurred in Belize is much less than that has occurred in 6thqr ‘
in forest countries. ; ‘
~ The Ministry 6f Natural Resources of Belize, and its various components including the Land
formation Centre (LIC), F.drestry Department, and Lands and Survey Department recognized
e importance of aésessing the current distribution of forest cover‘and determining the extent of -
forestation in order to document the magnitflide of the problerﬁ and to provide quantitative
formation to assist in managing these valuable natural resbiirces.

The main objective of this project, sponsored by the U. S. Agénc‘y for International Development

(USAID), was to determine the extent of deforestation that has occurred in mainland Belize (fig. 1) -

between 1989/92 and 1994/96. Baseline data on forest cover in Belize in 1989/92 is from a

eliminary report (LIC, 1994) and corresponding digital inap data of land use available through

the Land Information Centre (LIC), Ministry of Natural Resources. This earlier land use mapping

project was complet:ed“by the Aerial Survey Section of the Lands and Survey Department of the

| ¥ . :

r‘ilistry of Natural Resources, and represents the most comprehensive analysis of land use that has
[ . .

en completed for Belize. Among the stated purposes of the land use inventory is to serve as
|

s;eline data for various types of environmental monitoring including deforestation.
|

- Forest cover mapped as part of this investigation, and to which the 1989/92 land use maps

were compared, is based on 1993, 1994, and 1996 Landsat imagery acquired by the LIC. The short

ration of this project, March to mid-July 1996, limited it to being a reconnaissance study in
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- (1989).
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rhich the focus was primarily on mapping a single, all inclusive forest cover for comparison with
1¢ 1989/92 baseline data. Generalized forest classes, such as broadleaf forest, pine forest, mangrove

nd thicket, as well other land use classes were provisionally mapped. The analysis establishes a

sound base for a more comprehensive investigation of specific forest classes as well as other land

use classes throughout Belize.

“METHODOLOGY

The methodology used in this investigation of deforestation was in large part determined by

the stated reconnaissance obj_ect:ives, and the type of data and time available. Forest cover was
mapped by computerfas:sisted‘ anélysis (image classification) of recently acquired Landsat Thematic
Mapper (TM) satellite imagery, and the results were compared to forest cover defined and mapped
as part of the 1989/92 land use project based on visually interpreted SPOT satellite imagery. Forest
caver classified from Landsat Eimagery was veriﬁéd through limited field surveys and overflights in

a fixed-wing aircraft, and from comparison with existing land use maps.

| Although the approaches used in mapping land use and forested areas varied between the two
pjects, there had to be agreement in classification of forest cover for the determination of the

es of deforestation to be meéningful. The earlier land use inventory served as the baseline against

which to measure change, and thus it set standards for forest cover classification.

Deﬁnition of Deforestation

 Deforestation as defined in this study is the “permanent” removal of most of the natural tree
‘ -

cover of an area, and is more or less synonymous with land clearing (Ledec, 1992). According'to

|

Lerfec (1992) logging is not considered to be outright deforestation but rather a type of forest
madification or degradation. In Belize, types of deforestation range from large scale mechanized

clearing of forest fo‘r'agricultural purposes to smaller, slash-and-burn type clearings for temporarily




shifting cuitivatio.n §knjown as milpas. Although individual milpas are small in area, collectively

they can form patchworks that cover large areas. Furthermore, these areas are typically reoccupied
and cleared on a cyclical basis so that regrowth of natural vegetation is only temporary and
recolonization by diverse species incomplete (OsWaIdo Sabido, Belize Forest Department; personal

commumcatlon 1996).

It was dec1ded early in this study by officers of the Forest Department in the Mlmstry of :

' Natural Resources, that evaluation of areas undergomg»lo:g‘gmg should not be a separate toplc of

'stndy; and the primary focus should be on overall evaluation of forest cover loss.

Analysis of Forest Cover Changes Using GIS

The 1989/92 land use 1nformat10n is stored ina d1g1ta1 Geographlc Informatlon System (GIS)

Forest cover mapped as part of the current investigation is based on more recent Landsat Thematic

Mapper (TM) imagery provided by the LIC and analyzed and classified by the Center for Space

Research (CSR) at The University of Texas at Austin. All computer-based data, including that from

the 1989/92 land use and that generated during the cttrrent mapping effort, were incorporated into

a GIS, ARC/INFO, for analy51s of deforestation by the Bureau of Economlc Geology (BEG) The_ :

Umversny of Texas at Austm »

The d1g1tal 1nformatlon generated in this study is stored in the LIC GIS, where it can be used

_in env1ronmental planmng, management and momtormg of forest resources. In addmon sets of
1 100 000 scale forest cover maps and imagery that covers all of Belize are on file at LIC and the .
Forest Department The forest cover maps are based on processmg of 1994 Landsat TM imagery,
which provxded the best overall coverage of the entire country. The other set of data consists of true :

color plots of the most recent cloud-free i 1magery (1994 for northern Belize and 1996 for southern

Belize) that was obtamed by the LIC.
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LAND USE OF BELIZE 1989/92

- The 1989/92 land use inventory (LIC, 1994) is the baseline data against which change in
fo rest cover was measured in this project. Hence, the methods used i in delineating forested areas in

the previous study are briefly described for comparison with methods used during this study.

General Methodology of 1989/92 Study

The methodology used to map land use in Belize in 1989/92 is described in detail in the Land

ormation Centre report (LIC, 1994). In general, the land use information is‘,‘presented in a series

o thematlc maps covering the malnland of Belize. It was derived from the i mterpretatlon of remotely-
sensed SPOT XS (multl -spectral) data prmted at a scale of 1:50,000. SPOT XS sensor bands 1, 2
3 were ass1gned to red, green, and blue, respectlvely, to produce a false color composite lmage »
from which prmts were made for interpretation of various land use types such as Broadleaf forest |
(LIC, 1994). The ground resolution of SPOT imagery is 20 m, which is a higher resolution than the
30 m Landsat TM data, but the spectral range of TM exceeds that of SPOT allowihg a more reﬁné&

discrimination of land use classes.

[ =
n

: Because of the difficulty in obtaining cloud-free SPOT images of the entire country, the baseline
sty dy produced a mosaic of Belize from images acquired at different times. The dates of SPOT
imagery afcquisition vary from 1989 to 1992, with most of the 1989/90 imagery covering

central and southern Belize, and 1992 imagery covering northern and portions of central Belize

(fig. 2).

‘ Land use blasses were interpreted by project staff and delineated on acetate overlays on the
SP@T false color composite prints, with a minimum mapping unit of 0.25cmx 0.25 cmata 1:5 0,000
sca lLe. Interpretation of land use types were supported by other data sources such as aerial photographs,
and maps of forests, mangroves, and land use of the Belize River Valley (LIC, 1994). Field work

waF an integral part of the interpretative work, although field verification was not comprehensive.
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‘Delineated areas were digitized into a GIS from which a seriés of 8 color maps (fig. 3) were printed

ascale of 1:200,000 and included in the preliminary report on land use (LIC, 1994) Also included

the report is a compos1te full-color land use map of Belize at a scale of 1:1 000 000.

- Land Use Classification 1989/1992

The land use classification developed for the 1989/1992 land use report (LIC, 1994) contained

five main classes: Urban, Agficultural, Range Land, Forest and other Wooded Areas, and

nproductive Land. Each was subdivided into sub classes. Twelve principal forest and wooded
asses were defined (tabile 1). Together the forest classes cover 17,214 km?, or 79 percent of the
nd area (table 1). |

Among the problem afeas cited in the baseline study (LIC, 1994) in distinguishing classes on

: Spot imagery wére:(l) transitional areas between two classes, (2) classes defined by density,

S

;h as open forest, (3) areas that were not spéctrally distinct, such as broadleaf forest and seéondary

re rowth 4) overlapplng classes, such as sugar cane and annual crops and (5) classes covermg

S

s€

fo

all isolated areas, such as shlftmg cultivation. Specific problems in delmcatlon of classes included

paratmg_ broadleaf forest from thicket, and separating certain types of clearing such as

shifting cultivation, clearing for farming, and herbaceous and scrub, secondary regrowth after

farming or clearing. Many of these problems were also encountered in this study as noted in a

lowing section.

The earlier mapping project included various mixed 'classes,ufor example Broadleaf/Pine

f01'ést. A total of 80 classes were included in the final legend. The digital (GIS) data includes all

80 classes but only 40 are listed in the printed report, and 28 are shown on the full-color maps

(L[C 1994).




From LIC (1994)

30 mi

40 km QAb4848c

Figure 3. Index map showmg number and locatlon of map sheets covermg mamland
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- Forest Class

Broadleaf Forest
Open Broadleaf forest
'Pine Forest

Open Pine Forest

Thicket and other degenerated
Broadleaf Forest

Coaétal Strand Vegetation
Mangrove, Medium and Tall

Mangrove, Dwarf
Salihé swamp vegetation, with
palmetto and mangrove

|
Marrh swamp

th_al!of forested areas

Area
(hectares)
1,419,000
12,031
57,625

7,307

84,838
18,859

11,527

2,483

7,820

23460

34,487

41,963

1,721,398

Area
(acres)
3,503,704
29,705
142,283

18,041

209,477
46,564

28,462

6,131
19,308
57,925

85,152

103,613

4,250,366

Area
(Sq. Km)
14,190.00
120.31
576.25

73.07

848.38
188.59

115.27
24.83
7820

:234.60

344.87

419.63

17,213.98

~ Table 1. Forest classes, areas; and percentages for Belize mainland. From LIC (1994)

Percentage of
land.area .
65.12
0.55
2.64

0.34

3.89

0.87

0.53
0.11
0.36
1.08

1.58

1.93

79.00



FOREST COVER OF BELIZE 1993/94/96

General Methodology

The methodology used in the present reconnaissance study to map forest cover for more recent

penods 1993/94/96 dlffers sxgmficantly from the prevrous land use mapping project (LIC 1994) |

The earlier prOJect was a long term investigation in which a total of 80 separate land use classes ’_

were v1sually mterpreted dehneated and manually dlgrtrzed The current 1nvest1gat10n of

deforestation was one of short duration, in which primarily forested areas were classified through ‘

d1g1tal statrstlcal methods applied to Landsat Thematic Mapper (TM) data. When time is a

constramt, class1ﬁcatlon of large ,_geographrc areas can only be accomphshed through computer- .

assisted methods.

Landsat Imagery

Landsat images were acquired for the years 1993, 1994, and 1996 by LIC. The original pians

of the project were to process and classify forested areas on 1993 and 1995 imagery. However, two'

different sets of 1995 Landsat imagery proved unacceptable because of clouds and striping, and the

LIC opted to obtain 1 996 imagery instead. With this more ree;ent imagery in mind, and because the -

1994 imagery was more cloud free than that acquired in 1993, We_ ‘de:c'i:ded to use the 1994 imagery

throughout the country for comparison with that acquired in 1996, and to use the 1993 imagery forA

supplementary purposes.

Problems in obtamlng the 1996 imagery from the suppher however delayed the prOJect and.

postponed the perlod of ﬁeld work and field verlﬁcatron The i imagery was still not avarlable by

mid May and the ﬁ:eld ‘work had to be accomphshed using the 1994 classrﬁed imagery. The 1996

1magery arrived and was on hand when the field team was 1n Behze but prlnts were not available

for use in the field. In addition, the 1996 imagery for northern Belize was not usable because of

10
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clo%ud cover. Of the 1996 imagery, enly the scene covering the southern half of Belize was analyzed. |

‘ L%ndsat coverage and acquisition dates are shown in figure 4 and table 2.

Landsat Thematic Mapper

Baekground

The Landsat Eaﬁh Resources Satellite System hae been operational since 1972 providing near
bbal coverage on a continueus, regular basis. The first three Landsat satellites had an 18 day
beat orbit and carried a 5 .channel m‘ultispectral scan'ner (MSS) system which could acquire data
~80 m spatial resolution. In addition to MSS, Lzlndsats 4and 5 (launehed in 1982 and 1984) carry
7 channel Thematic Mapper (TM) mult1spectral scanner wh1ch acquires data in 6 channels at 30

spat1a1 resolutlon and the thermal channel at 120 m resolution. Each 185 km x 185 km scene

contains m-formatlon in the blue, red, near infrared Q channels), mid infrared (two channels), and

_ thermal windows of the electromagnetic spectrum. Although the spaiial resolution of Landsat TM -

somewhat less than that of the 3 channel (green, red, and near infrared) French satellite SPOT,

whi;é‘h was used for the Belize land cover study ffom. 1989-92, the increased spectral information
frdm the additional channels 1s often extremely useful ‘fo‘r mapping vegetation and geologically
related structures, particularly when there are water bodies in a scene. While Landsate 4 and
5‘ ¢ontinue to _be operational, the follow-on series which includes TM and aclditional sensors has
lon;g been planned. The launch of Landsat 6 in 1995 was unsuccessful. Landsat 7 ie scheduled for

launch in 1998.

" Landsat imagery is provided both in hard copy, where any combination of 3 bands can be |

displayed Simultaneously, and in 8 bit digital format. All six bands of 30 m digital data were used to
niap land cover in this study. Two or three scenes are required to cover Belize. A total of eight

scenes were used for mapping: in 1993, 1994, 1996. Dates of acquisition of these scenes are shown

table 2.

11
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Table 2_. Dates of acquisition of Landsat TM scenes.

North Central South

93/4/10 93/4/10 93/3/17
94/3/28 94/3/28 94/3/28
96/3/17 _ 96/3/17

Cloud Cover and Atmospheric Attenuation of Signal

As with the SPOT, Landsat TM data can be contaminated by cloud cover. This problem is: 7

uspally dealt with by either usipg individual cloud free scenes from different dates or via mosaicing
of limagery whereby clouds are detected, then multiple images are combined into a single scene to

obtain as nearly cloud free coverage as possible. Only one scene was provided for each year of this

study, so it was not possible to use this technique. Although the spectral signature of clouds is

di
th

stinct enough that the clouds can usually be detected in the imagery, data under the clouds in

gse imagery is lost to analysis.

Cloud shadows also distort imagery values. Detection of cloud shadows is often possible by

using the sun angle at the time of the overflight in conjunctlon with the shape of the clouds associated

with shadows Algorithms for such detection perform best when utlllzed with raw data which has ‘

not been transformed to a coordinate system utilized for mapping. The data analyzed in this project

we re already projected prior to del1very Automated detect1on of cloud shadows was beyond the

da

scclpe of this pro;ect

- Atmospheric haze and thin clouds are a problem for Landsat as well as SPOT imagery. While

fea ures on the ground are not occluded as with thick clouds, their spectral values are modified.

Atmospheric correction codes can often be employed to normalize the data using local meteorological

ta, including information from radiosondes concurrent with the satellite pass. This information

was not available for this study. Alte_rnatively, simple normalization techniques can often be used to

proyide minimal “correction” for the imagery. These techniques typically involve either applying

13




simple offsets or piecewise linear trends to the image based on the values in each of a constant

target channel or matching histograms of multiple targets. Histogram matching was investigated

for this pI'OJCCt but was not effective.

Instead ‘an unsuperv1sed atmospheric correction algorithm based on a darkest pixel method

was employed to normalize the data The darkest p1xel in the visible blue or green band was used

as an indicator of the amount:of “haze” present in the atmosphere. After a haze determmation was f

made, a scattering coefﬁc_ient was applied to each of the bands, and the result was subtracted from
the top of the atmosphere radiance. |

The actual amount of radiance at the top of the atmosphere was computed by first applying a
sensor offset and gain to the digital counts. The value of the surface reﬂectance was then calculated
usmg the determined radiance and haze terms, as well as the Earth- Sun d1stance and solar zenith
angle. Flnally,_ the resultmg data was .converted to common range of values prlor to geometric
correction. = o ‘

While this method was rea.sonably ,e'ffe:ctiye in normalizing the ‘imagery collected Zin different
years, tjraining daltaE ‘for each class of landcover were:‘selected from each year of imagery for the
classification s'tage'gin; order to minimize any Classiﬁcation error :from inadequate atmospheric
correction. Training sites for classiﬁcation were chosen from stable, homogeneous areas, and the
same geographic locations were used for‘each image:in' order‘ to maintain consistency t:hrough}th;e

multitemporal analysis.

Geometric Correction

Multitemporal stud1es based on imagery require reglstratlon (mapping) to a common coordmate

system whereby all data at a given location on the ground are mapped to the same X, y locat1on _

Image-to-image registratlon involves selectlon of one scene as the master scene e and then computlng

the transformatlon required to map other scenes to the same geometric coordinates. For the TM 3

data analyzed in this study, ground control points (GCP s) were manually selected from each i 1mage, |
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nd a polynomial transformation was computed to perform the image-to-image registration via

S least squares warping.

L) Ideally, all data in the multitemperal spatial data base would be coregistered to accurately
P :

}!\) ‘ own surveyed points, typically acquired via differentially corrected satellite-based Global
/ ~ Ppsitioning System (GPS) data. The classification map contained in the 1989-92 report as a vector -

file, as well as road and hydrologic maps should overlay the imagery. Unfortunately, the maps are
- not currently well registered, and limited GPS data are available for correcting the entire data set.

This should be a focus of future work on the national Geographic In-fdnnatio_n System ‘(GIS). For

w, this study, image-to-image registration was performed and compared to GPS data acquired during
‘;::\" | the field visits. In general, there was good agreement with:the GPS points, so the i-mage-to-image
F\ registered data were used to develop the output maps. At a later date, as additional GPS :data are
;\\ ag quired, the ‘master image can be registered to these points, then the common transformation for
‘/;:\} Lo the remaining images can be computed readily.

o Striping

In addition, the TM imagery also e’Xhibited a striping effect in many scenes. Striping appeared

. to be an artifact of cahbratlon not a simple sensor dependent effect as is often observed in Landsat
/ MSS data. The state of processmg of the data prov1ded by EOSAT precluded 1nvest1gat10n of
) spec1ahzed corrections. Str1p1ng mamfested itself in mlsclass1ﬁcat10n of some imagery, although
- , the [effect on detecting deforestation was minimal.
) - ! ' ‘ :
;;J . : Classification Approach

L~ [ lelted budget and the short contract perlod for this project necessitated use of automated

i image cla531ﬁcat10n techniques wherever possible. Only limited reconnaissance was performed to
h obtain field data, so a combination of the results from 1989-92, field data, and manual interpretation

A of imagery were utilized to select training sites for classification of the imagery. The classification

[ \ o | : : 15




o phase of the analysis involved computation of principal components, classification of a subset.of

principal components, and post processing to remove local anomalously classified pixels. Each

 stage is described in the following subsections.

frincipal Component Analysis

g Preprocessmg of. data for c1ass1ﬁcat10n included aprlon select1on of 1nput bands and features
for trammg and output classes The selection of inputs and outputs was synerg1st1c Knowledge of

. the output classes prov1ded 1nformatron as to which bands or combmatlons of bands, should be -

selected for the 1nput feature vector based upon that band’s class dlscrrmmatlon capab111t1es
erewrse knowledge of the 1nput bands provided a basis for choosmg the range of output classes

from general to spemﬁc

The channels of Landsat data often' contain re’dundant' information for different landcover

- computed the sample correlatrons between bands to 1dent1fy the most approprrate combrnatrons _
and eliminate redundancy This assessment then allowed the number ofi inputs to the classrﬁer to be

reduced through either band selection or band transfor_matron. Band selectron. is the process whereby :

the classifier inputs are selected from an input vector of the availablie bands. Band transformation

involves mapping of the input vector to an alternative set of bands, typically of lower dimensionality _

Based on prehmmary classrﬁcatlon results we decrded to use band transformatlon called Prmcrpal

Component Analysis (PCA) for this study This transformatron provrdes ameans of not only reducrng

parameters when mult1ple channels are hlghly correlated and enhancmg contrast between features :

The techmque can sometimes enhance variation in change detection studl_es of multl-temporal data.

Principal component analysis (PCA) provides a means of not only reduCing the dimensionality

of a vector of multispe_ctral data but also of providing better estimates of parameters when multiple
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chénnels are highly correlated and enhancing contrast between features. The technique is often

ccessful in change detection studies of multitemporal data.

Mathematical-ly, PCA involves performing a rotational transformation (i.e. linear) of the data

whereby the new axes are aligned along the directions of decreasing variability in the original data

d are orthogbnal to each other. Statistically, the covariance matrix of the transformed data is
agonal, with values corresponding to the eigenvalues of the original covariance matrix of the
uiltispectral data. The eigenvectors associated with each eigenvalue denote the weighting

efficients on the otigihal channels. The advantage of PCA is that only the most significant

coImponents, as indicated by their variance (eigenvalues) can be selected for classification, thereby

reducing the number of channels analyzed. In addition, particular components often correspond to -

ecific features observed in the imagery.

aximum Likelihood Classification

Classification can be performed on the selected principal components via either unsupervised

supervised techniques. Trial clustering is typically performed to determine the separation between

clysters associated with the various components and selection of relevant PCA’s. Training data are

selfccted for use by subsequent supervised techniques.

- Maximum Likelihood Classification (ML) is the most common supervised classification

technique. Pixels are assigned to preselected classes based on a decision rule which maximizes the

likelihood of haying obtained the observe;d values given the 0v_era11 assignment of classes -to.the

a;ge. The goal is to assign each pixel to the class that has greatest probability of occurrence given

the io_bserved data. Although it is possible to use ML classification with data drawn from any
poplfﬂ-ation with any parametric or nonparametric distribution, virtually all commercial packages
|

assume that the data are normally distributed. This assumptioh should be checked for each application.

Variations in implementation of ML classification allow selection of probability thresholds required

for|assignment of classes and separation requirements for individual classes. Pixels not satisfying

the|requirement are assigned to the “unclassified” class.

17




Post Processing of :C‘lassiﬁcation Map

Because ML classification assumes that each pixel is statistically independent of its =~

neighbors, no contextual information is utilized in assigning classes to pixels. The resultin'g

| study, two post processmg steps were performed whlch involved passing a 7x7 template followed

bya 3x3 template over the class1ﬁcat10n map and ass1gn1ng the central plxel to the class assomated g

with the mode of the dlstrlbutlon of the classes This operation successfully reduced the noise in the

classification map.

Selection of Tra‘ining': Sets

Trammg sets were based on (1) the 1989/92 land use maps (2) 1996 ﬁeld surveys,- and

(3) visual 1nterpretatlon of Landsat i 1mages Because the 1989/92 land use maps were the baselme

data, selectmg training sets from these maps was 1mp:ott‘ant:1norder to standandlze clasmﬁed units

for comparison. Areas that appeared to be misclassified in the 1989/92 data sets, based on visual

examination of recent images, were avoided.

. Field Snrveys

Field surveys were :condnCted during the weeks of March 18-21 and May 20-24. The Forest
Department provxded transportatxon and a forest officer accompamed the team to all field sxtes (see
acknowledgments) Ground locanons were determmed by GPS (fig. 5). Three low altltude overﬂlghts

were made ina fixed-wmg- alrcraft and hundreds of slides were taken for reference and comparlson

- with imagery'and classified units’,‘ Rep;esentative sets of the slides are ‘o_n'ﬁle_at the LIC. 'F_li-ghts_ o
were made over northemn, central, ‘and southern Belize (fig. 6). GPS locations nr:ere taken during :

two overfllghts (northern and southem Behze), but most areas photographed were located by .

comparmg landscapes w1th plots of the 1994 Landsat imagery.
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Figure 5. Field survey sites located with GPS.
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Benque Viejo del Carmen -

Figure 6. Approx1mate location of ﬂlght lines along which observatlons and photographs }}

‘B'elrriopan

were made of land use in March and May, 1996.
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Forest Cover Classification

Both forested and non forested areas on the Landsat imagery were classified on a provisional

basis, resulting in a total of 17 classes for most scenes (table 3). The main emphasis of the

lassification was on total forest cover, however, and specific classes should be regarded as

reliminary because time const_réiints prevented evaluation of the accuracy of classified areas
kcept to verify whether or not they depicted forested areas. Plots of the classified imagery
‘¢ on file at the LIC as working copies that may be of value in future projects, but they
ould be used with the understanding that refinements are needed fhat were beyond the scope of

is project.

Table 3. Forested and non forested classes delineated through analysis
of the digital Landsat TM imagery.

0 Unclassified
1 Urban
2 Barren
3 Road ,
4 Regrowth
5 - Thicket
6 Broadleaf forest
7 Pine Forest
8 Mangrove
9 Swamp
10 Marsh
11 Savannah
12 Pasture
13 Agriculture
14 Orchards
15 Riparian
16 Rivers
21




Based on visual and computer assisted interpretation of imagery supported by field observations,

we simplified the types of forests into five major classes, which when combined represent forest

cover (table 4).

Table 4. Five major forest classes mapped using Landsat bimagery.

- Broadleaf Forest
Pine Fjore:sjf‘ :
Thicket
Riparian
Mangrove

~ Comparison of 1989/92 with 1994/96 Forest Cover

Comparison of forest classes deﬁned in this study (table 4) with those in the land use study

(table 1), shows that open and closed broadleaf forests were combined into a single broadleaf

forest class, and open and closed pine forests were combined into a single pine forest class. In

addition, several of the forest or woodlandfclas‘seslisted in table 1 were not included as a forest

cover class, e.g., herbaceous and scrub secondary growth after clearing; coastal strand vegetatlon

salme swamp vegetation; and marsh swamp Examination of Landsat imagery indicated that these

classes, in general did not correspond with 1nterpreted and class1ﬁed forested areas.

The major forest classes 11sted in table 4 were the most easily deﬁned'throngh image

_ processmg of the Landsat TM scenes, and had the best correlation w1th the modlﬁed forest classes

(see previous paragraph) deﬁned on the 1989/92 land use map series. Still, there were many

locations on the two forest 1nventor1es where forest boundaries did not coincide because of

interpretative differences. These “apparent” changes (not real) are the result of differences between

22

{
PARN /N

{

el ,. T



SN

Die

{
\.

I |

™

~
Y
/. /
N LN

TN
K
7

)

JC

S

Wi

T]

Wi
Sq

¢l

C@

fo

W

(

to

(b

The

the manual interpretation of the SPOT and interpretation of the spectral responses in the TM data.

pecific problems were similar to those outlined in the 1989/92 land use report (LIC, 1994):

Separating Broadleaf Forest from Thicket

Separating secondary regrowth areas from Broadleaf Forest and Thicket

Maintaining consistency in classifying areas of varying density of cover, i.e., Open
Broadleaf and Open Pine Forest

In conducting the supervised classification of the Landsat TM i unagery, most training areas

epresentatlve sites that deﬁne a particular forest or land use class based on spectral propertles) '

ere derived from the 1989/92 land use maps. Overall, the 1989/92 maps serve as an excellent data

base and were essential in selecting training areas for digital image classification of the Landsat

M scenes. There were obvious cLassiﬁcation inconsistencies, however, that had to be reconciled.
hese areas, if unrecognized, would affect the supervised classification of the recent imagery, as
el as present misleading information on changes in forest cover. For example, a large savanna
uthwest of Belize City was classified as thicket on the land use maps. Because this area was

assified as a savanna on the 1994 imagery, there appeared to be a loss in forest cover (thicket)

“from 1992 to 1994. Another eﬁ{ample is in northwestern Belize along the Rio Hondo River. Broad

forested areas along the river were classified on the land use maps as sugarcane. Accordingly,

mparisons of the 1989792 land use maps with the 1994 maps show an apparent (not real) gain in

rest cover.

' The 1994 Landsat imagery and classified maps were incorpcr'ated into the GIS and prints of

each were made at a scale of 1:100,000 with coverage as 1ndexed in ﬁgure 3. These preliminary

maps were for (1) use in field surveys, (2) for comparison w1th the 1989/92 baseline maps, and .

)‘ for verifying the accuracy of training sets and classified areas. Plotted maps of the imagery,

forest and nonforest classes, and overlays composed a suite of maps totaling 24 (thr'ee sets

for the 8 map areas in fig. 3) of the entire country. The maps in conjunction with the field

surveys were essential in modifying inputs to the classification, adding or deleting training sets

improve the accuracy of the classification. Several iterations of analysis were required to achieve
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satisfactory results,A composite map of forest cover of Belize, based on 1994 imagery, is shown in’

s

figure 7.

Maps in which GIS information layers deplctlng forest cover for the 1989/92 baselme maps

and the 1994 Landsat maps were superimposed proved particularly useful in analyzmg trends.

Thrs allowed areas in which there were losses or gains in forest cover to be visually examined

and compared to the baseline maps, Landsat TM imagery maps, and field sites to assess the

nature of the changes and to verify Whether they were the result of actual changes in land use or
problems in classrﬁcatlon cloud cover, regrstratron or cartography (eg. dlfferences in the position
of class boundaries resultlng from digitization and map preparatron) For example clouds and
shadows over forested areas produced an apparent loss in forest. cover when compared to the
baselme data. These and s1m11ar losses that were not real were deleted from the maps showrng

forest cover loss and ehmmated from the analysrs This process greatly reduced the cumulatlve

apparent loss by ehmlnatmg many areas in which the losses were the result of factors, such as

dlfferences in cla551ﬁcat10n or cloud cover ‘noted prev1ously Although the * ‘non real” losses

were deleted from the forest :loss GIS ﬁles the reconnaissance nature and t1me hmrtatlons

of this prOJect prevented us from systemat1cally correctlng either the baselme data or the image -

processed data.

FOREST RESERVES AND OTHER PROTECTED AREAS

Differentiation of forest cover changes on nation'al-and private lands was an objective of this

1nvest1 gatron Avarlable d1 gltal files mclude boundarres for natlonal and pnvate lands: within protected

areas. Accordrn_gly, losses in the protected.areas, such as nat-ronal forest reserves and pnvate Teserves, .

are spatially defined and tabulated; losses outside these protected areas are not differentiated

as having occurred on national or private lands, but are described as having occurred in non-

protected areas.
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Figure 7. Distribution of forests and associated woodlands based on digital interpretation of
Landsat TM imagery acquired in 1994.

25



[iEoMMERCE BIGHT (4 e
[CCOMMERCE BIGHT @)/

Nature reserve

Marine reserve

Private reserve

National park

Natural monument

e o % | wilénife Sanctuary

QAb4898c

Figure 8. Map of protected areas in Belize. From LIC (1994).
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National forest and nature reserves, parks, and sanctuaries and private reserves cover
approximately 36 percent of mainland Belize. Forest reserves encompass the largest area at
approximately 421,000 ha, or 53 percent of all protected areas. All but one of the forest reserves are
in southern Belize (fig. 8). A list of national and private protected areas is presented in

table 5.

Table 5. National and private reserves, sanctuaries, and parks. From LIC (1994).

Forest Reserves
Chiquibul
Columbia River
Commerce Bight (3 areas)
Deep River
Freshwater Creek
Grants Works
Machaca
Manatee (5 areas)
Mango Creek (5 areas)
Maya Mountain (2 areas)
Mountain Pine Ridge
Sibun
Silk Grass
Sittee River
Swasey Bladen
Terra Nova
Vaca

Nature Reserves
Bladen
Burdon Canal
Tapir Mountain

National Parks
Aguas Turbias
Blue Hole
Chiquibul
Five Blues Lake
Guanacaste
Monkey Bay
Paynes Creek
Temash-Sarstoon

Wildlife Sanctuaries
Cockscomb Basin
Crooked Tree

Conservation and Management Area
Rio Blanco

Archaeological Reserves
Cahal Pech
Caracol

Private Reserves
Bermudian Landing Community Baboon Sanctuary
Monkey Bay
Rio Bravo Conservation and Management Area
Shipstern
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RESULTS

The 1994 Landsat TM dataprovided the best cloud-free coverage of Belize, and i_t was used
- .afor:'tﬁhe entire c:ountry to determine the forest cover losses that have ocCurred since the baseline
perlod of 1989/92 (LIC 1994). Forest cover change between 1994 and 1996 based on Landsat
; 1magery acquired in those years was. determmed in selectlve areas in southern Bellze where
- cloud cover did not prevent change analysis. The 1996 Landsat i 1magery was not used in northern
Bellze because of extenswe cloud cover. The 1993 Landsat i 1magery was dlgltally 1nterpreted
| throughout the country, but was used only selectively to examine: forest cover changes in

northern Belize.

As previously mentroned both the 1989/92 land use pro_] ject and this proj ect had difficulty in

dlstrngulshrng and classifying certain forest classes, e.g., areas of regrowth and open p1ne forest
for example Accordrngly, some apparent changes in forest cover are -the result of drfferences in
methodology and classification and of class boundary offsets due to map- to-map registration, and

shght misalignments of land use boundarles that were artlfacts of the dlfferent methods used in

mapplng and d1g1t121ng While the overall results are belleved to represent good approximations of _

total change in forest cover, the cumulatrve effect of the above suggests: that the estimates of probable
forest cover loss should be viewed as maxrma N

All areas of apparent loss in forest cover between 1989/92 and 1994 as dehneated by analysrs
of the d1g1tal data, were visually compared to plots of the 1994 imagery. Losses in forest cover that
were visually verlﬁed were retained in the GIS ‘dlgltal ﬁles and »those losses that were considered
not real were deleted. A corrected digital file of all losses was created. Using t these data losses in
forest and assocmted woodland cover were calculated for all of mainland Behze and for natlonal

and private lands within protected areas.

Forest Cover Losses 1989/92-1994

From 1989/92 to 1994, there was a loss in forest cover of approxunately 78,100 ha throughout :

mamland Bellze More than 90 percent occurred on prrvate and natlonal land outside of protected
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zure 9. Percentage of total forest cover loss that occurred inside and outside of protected areas.

as (fig. 9). Forest cover loss in protected areas, consisting primarily of National forest reserves,
ounted for about 6,680 ha, or 8.8 percent of the total loss (fig. 9). A look at the mainland
@ whole shows that the most extensive losses occurred in the west central, and southern and

rthern parts of the country (fig. 10). Additional losses occurred along the coastal plain from

Dangriga southward.
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The spatial and temporal trends of forest cover loss were deterrmned using the analy51s capability
he GIS Relative rates of forest cover loss were estimated by comparing forest cover determined
SPOT imagery (fig. 2) for the baseline years (1989 to 1992) and forest cover determined on the

>4 Landsat imagery (fig. 7). In general, south Belize was covered with SPOT i Imagery acquired

in 1989, central Belize in 1990, and north Belize in 1992. The amount of change to 1994 varied

from north to south (table 6). Although the actual magnitudes of the losses in the north, central and

th were similar, ranging from about 24,500 to 26,800 ha, the rates varied substan_ti-a-lly because

periods over which the losses occurred ranged from 2 to 5 years (table 6). Highest rates of
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Figure 10. Location of forest and associated woodland cover losses on mainland Belize

from 1989/92 to 1994.
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about 13,400 ha/yr occurred in the north where approximately 26,750 ha were lost over a 2 year
period. Lowest rates occurred in the south, less than 5,000 ha/yr, where the losses were spread over
a 5 year period. Based on these data, the average annual rate of loss throughout Belize was almost
25,000 ha/yr. This rate is substantially higher than previous estimated rates (table 6), although the
reliability of the previous rates is in question (FAO, 1994; Ledec, 1992). The estimates determined
by the present study are believed to be maximum rates for reasons previously discussed. The present
study also shows that losses were concentrated in areas not protected or managed by the Forest
Department or lands managed as private reserves or sanctuaries (see fig. 9). Some areas of loss
outside of protected areas occurred in areas previously used for cultivation so the loss was not of

pristine forest.

Table 6. Rates of forest cover loss on mainland Belize, 1989/92 to 1994.

Period Loss (ha)  Annual rate (ha/yr) Approximate
location in Belize
1989-94 24,495 4,899 South
1990-94 26,832 6,708 Central
1992-94 26,749 13,374 North
Total 78,076 24,981
1981-90* 5,000
1980-877** 9,000

*Food and Agriculture (FAO) Organization of the UN (1994)
Forest Resources Assessment 1990, Country Briefs

** World Resources Institute (1987) cited in Ledec (1992)

Forest Cover Loss in Protected Areas

Forest Reserves

From 1989/92 to 1994 the largest change in forest cover in protected areas occurred in
national forest reserves (fig. 9, table 7). The forest reserve with the largest loss was Vaca, where

losses accounted for almost 40 percent of the total forest cover loss in all the reserves (table 8,

31



fig. 11). Most of the ’change in forest coVer in the Vaca ReServe occurred from 1990 (date of SPOT

imagery) to 1994 (date of Landsat 1magery) Deforestation was most extensive in the northern

part of the reserve which is closer to population centers and road networks. This reserve borders

Guatemal;a and is on the northern margin of the Maya Mountains where the terrain is relatively

steep. Losses appear to be mostly the result of :milpas. Part of the apparent forest cover loss, -
however, :appears to be due to naturally sparse stands of trees (Oswaldo Sabido, personal

communication, 1996), especially on ridge crests, that previously were classified as forest. Thus,

the apparent loss or forest change in this area may be in part due to differences in classification

betWeen the earlier baseline studyi (LIC, 1994) and this pr'oje'ct The exact amount of forest cover -
loss resultmg from naturally sparse areas and possible class1ficat10n dlfferences could not be

determmed because the original SPOT imagery from whlch baselme maps were prepared was not

available for comparison with Landsat imagery. Thus, the total loss of 2,227 ha in the Vaca Forest

Reserve is a high estimate, and the losses due solely to lan‘thropogenic c‘auses'could:not be

adequately determined. However, it should also be noted that the ‘Vaca Forest Reserve is a

relatlvely new reserve (1991) and legal leases within the reserve may be a contrlbutmg factor to

the h1gh amount of forest cover loss (Noreen Fairweather and Oswaldo Sabldo Ministry of Natural :

Resources, personal communications, 1996).

Table 7. Forest cover loss between 1989/92 and 1994 in National
and private reserves, parks, and sanctuaries.

_ Protected Area _ S Forest cover loss (ha)
Forest Reserves = 5,640
National Parks = 525

_ Private Reserves : | | L 238

" Nature Reserves 199
Wildlife Sanctuaries 72
Archaeological Reserves ' o 8

Total 6,682
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Table 8. Amount of forest cover loss in those forest reserves in which losses‘
were documented between 1989/92 and 1994.

Approximate
annual rate
Size of Reserve Loss Period of loss
Forest Reserve (ha) (ha) of loss (halyr)
Vaca 21,114 2,227 1990-1994 557
Mango Creek 4 5,286 580 1989-1994 116
Golumbia River 41,514 579 1989-1994 116
Mountain Pine Ridge 51,149 562 1990/92-1994 187
Freshwater Creek 24,269 446 1992-1994 223
ibun 42,908 327 1990/92-1994 109
Swasey Bladen 5,960 274 1989-1994 55
ommerce Bight (B) 2,199 164 1990-1994 41
ango Creek 1 4,357 - 107 1989-1994 21
eep River 31,279 107 1989-1994 21
rants Works (A) 3,189 63 1990-1994 16
hiquibul 59,640 - 49 - 1990-1994 12
rra Nova 2,735 41 1990-1994 10
anatee (5 areas) 41,897 27 1990/92-1994 9
aya Mountain 2 20,740 , 23 1989-1994 5
ittee River 37,973 22 1990-1999 6
achaca 1,515 19 1989-1994 4
aya Mountain 16,834 11 1989-1994 2
ango Creek 3 1,945 8 1989-1994 2
ilk Grass 1,938 3 1990-1994 1
Total 418,440 5,640
In other reserves, losses in forest cover were significantly lower than in the Vaca Reserve.
Lpsses in four reserves, Mango Creek 4, Columbia River, Mountain Pine Ridge, and Freshwater

C
fa

reek, ranged between 400 and 600 ha for the period 1989/92 to 1994 (fig. 11; table 8). Of these

ur reserves, the highest annual rate of loss, 223 ha/yr, occurred in Freshwater Creek (table 8). |

Losses were predominantly in the northwestern corner of the reserve and resulted in large part from

expansion of cropland, probably sugar cane (King and others, 1992).

Losses in forest cover in Mango Creek 4 are less well defined. Most of the losses occurred in

areas mapped as pine forest on the 1989 land use méps. There is probably some margin of error in
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Loss of Forest Cover in Selected Forest Reserves
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Figure 11. Loss of forest cover in the 10 forest reserves where losses were greatest.

the true magnitude of loss because of differences in classification with respect to the density of
forest cover that existed in 1989 and in 1994. In other words, if areas with relatively sparse tree
cover were mapped as pine forest on the 1989 SPOT imagery and these same areas were classified

as non forested on the 1994 Landsat imagery, an apparent loss in forest cover would be determined.

'*;Without having access to the SPOT imagery for comparison, we had to ‘assujrhe the changes were

real A similar situation existed in the Swasey Bladen Forest Reserve. Although the total loss of
forest cover amounted to only 274 ha from 1989 to 1994 (an average annual rate of 55 ha/yr) much
of the loss occurred i in an area mapped as pine forest on the SPOT 1magery, and part of the loss may
be due to classrﬁcatlon dlfferences

Total losses in forest cover in Columbia River were about 580 ha and occurred primarily in the
southwest corner of the reserve adjacent to the Guatemalan border. Primary cause of the loss appears

to have been milpa farming.
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Losses of forest cover in the Sibun Forest Reserve}amc)u-nted to 327 ha, with an annual average
rate of 109 ha/yr (table 8). The majority of the loss in the Sibun reserve was along the Hummingbird

Highway and was the result of agricultural development consisting of citrus orchards and

mixed farming.

Forest cover losses in other forest reserves ranged from 165 ha to 3 ha (table 8). Causes for

losses varied but most are probably due to agricultural development, ranging from orchards and

mixed farming to milpas. Loss of forest cover in the Silk Grass Forest Reserve may be more extensive

gince 1994, but cloud cover in the 1996 Landsat image prevented an accurate assessment of losses

in this reserve from 1994 to 1996.

Nature Reserves

Approximately 200 ha of forest cover loss occurred in the three Nature Reserves (table 9). The
lralrges,t loss of 102 ha occurred in Burdon Canal, but only a small portion of this area of loss, which
is in mangroves, may be real. Thinner mangrove cover may have produced the non-forested

classification in the classification of the digital imagery.

Table 9. Loss of forest cover in Nature Reserves, 1989/92 to 1994.

o Total area of reserve Total Loss
Nature Reserve: (ha) - (ha)
Burdon Cahal (8 areas) 2,119 102
Bladen 40,198 83
Tapir Mountain 2,720 14
Total 45,037 - 199
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. Although the 1994 Landsat imagery shows that many of the areas in the Bladen Nature Reserve
are not forested, most were mapped as a forest class, thicket or pine on the 1989/92 land use maps.

It'is possible that some of the 83 ha loss in forest cover is due to classification differences between

the baseline maps and the digitally classified 1994 Landsat imagery.

In the Taplr Mountain Nature Reserve losses of forest cover amountlng to 14 ha occurred -

expansron from adjacent lands.

National Parks

Total forest cover loss in National Parks for the period 1989/92 to 1994 is 525 ha. Losses

ranged from 319 ha in Chiquibul to less than 2 ha in Monkey Bay (table 10; fig. 12). Chiquibul

National Park is very large, cover'ing more than 115,000 ha. The loss of 319 ha of foresf cover

represents less than 0.3 percent of the total area encompassed by the park The maJorlty of the loss,

which occurred between 1990 and 1994 is near the western boundary of the park along the

Guatemalan border and is the result of milpa farming along the border.

Table 10. Forest cover loss in National Parrks.

National Park Total areaof  Total loss
reserve (ha) (ha)
Chiquibul ' . 115,454 319
Temash-Sarstoon 16,897 151
Five Blues Lake 1,638 28
Paynes Creek | 12,775 22
Guanacaste . 23 4
Monkey Bay o ST 725 2
Aguas Turbias - 3,546
Blue Hole : ‘ 268
Total 151,327 525
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Loss of Forest Cover in National Parks
1989/92-1994
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Chiquibul - Temash- Five Blues Paynes Guanacaste Monkey
Sarstoon Lake Creek Bay

Figure 12. Loss of forest cover in National Parks.

Approximately 150 ha of apparent forest cover loss occurred between 1989 and 1994 in
emash-Sarstoon National Park, but only about half of the loss appears to be related to human
sforestation. These losses were the result of milpas in the northéfn part of the park. Apparent
sses in forest cover along the Sarstoon River seem to be due to forest cover classification
fferences rather than to human activities. It .app_ears that areas of nat'urally sparse vegetation (open
oadleaf forest) mapped as forest on base line maps, were mapped as nonforested on Landsat
M imagery.

Almost 30 ha of forest cover was cleared in Five Blues Lake National Park. The losses occurred

ong boundaries at the southern end of the park, and are the result of the expansion of adjacent
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agricultural arefas. In Paynes Creek National Park, 22 ha of forest cover was lost in the central part

of the park on the margins of larger areas previously cleared.

Wildlife Sanctuaries

Forest cover losses in wildlife sanctuaries from 1989/92 to 1994 were 59 ha and 14 ha in

Crooked Tree and Cockscomb Basin sanctuaries, respectively. Losses in Crooked Tree appear to.

be predominantly due to. milpa. fanning in the central part of the sanctuary along the boundaries

because of boundary registration problems.ﬂﬂEst;‘rnates of losses 1n,both of these sanctuarles are

probably high.

Archaeological Res_erves

Only two archaeologlcal reserves are hsted and mapped as part of the baseline data (LIC,

1994), Cahal Pech and Caracol. For the period 1989/92 to 1994, losses amounted to about 7 ha i m »

these two reserves with most (5 ha) occurring in Cahal Pech.

Private Reserves

 Losses in private reserves were approximately 130 ha and 105 ha in the ‘Bermudian Landing
Commumty Baboon Sanctuary and Rio Bravo Conservatlon and Management Area, respectxvely

No losses were documented in Shipstern or Monkey: Bay prlvate reserves.

Forest Cover Losses on National and Private Lands Outside of Protected Areas

Approximately 92 percent of the total losses in forest -cover between 1989/92 and 1994 oCCurr’ed

~ on land outside of protected areas (fig. 9) These lands represent between 60 and 65 percent of the

total area of mainland Belize. The ma_]orlty of the losses throughout maxnland Behze as shown in

figure 9 occurred on lands outsnde of protected areas.
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The most extensive losses in forest cover occurred in the Cayo and Toledo Districts (fig. 1),

where 20,090 ha and 19,035 ha, respectively, were lost from 1989/92 to 1994 (fig. 13). In the Cayo

- District, losses were concentrated in the northern half of the district where large areas were cleared

for agriculture. The losses were spread throughout areas north and south of the Western Highway
between Belmopan and San Ignacio. Most of the losses in this district occurred on map sheet 4
(Aigs. 3 and 14), which includes the Mennonite settlements north of the Western Highway.

| Losses in private and national lands 6utside of protected areas in the Toledo District in southern
Belize occurred primarily on map sheet 8 (fig. 3), and appear to be principally the result of clearing
for agricultural purﬁoses including citrus orchards and small milpas that cumulatively encompass

large areas.

Forest Cover Loss by Diétrict
1989/92 to 1994
(Excludes protected areas)

25,000
20,000

15,000

10,000

Area (ha)

5,000

Orange Stann :
Corozal Walk  Belize Cayo Creek Toledo

District

Figure 13. Loss of forest cover on national and private lands outside of protected areas in the six
districts of Belize. See figure 1 for district locations.
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Forest Cover Loss by Map Area
1989/92-1994

20,000
15,000 -

10,000

Area (ha)

5,000 -

Map Sheet

Figure 14. Losses in forest cover on national and prlvate lands outside of protected areas ‘within .

areas defined by 1:100,000 scale map sheets. See figure 3 for locatlon of map sheets.

Approximately 13,000 ha of forest cover were cleared on lands outside of protected areas
in the Orange Walk district between 1992 and 1994 (ﬁg. ‘13). Most of the losses occurred in inap
area 2 (figs. 3 and 10) north and eaet of the Rio Bravo Conser{?etion and Management Area,
.extending to north of Orangewalk. Tﬁis area includes‘ ‘Mennonite:;settlements south and west bof
San Felipe. Forest cover wa‘e‘ cleared primarily for cropland en the coastal plain east of the Rio
‘Bravo Esc‘arpment, and fer‘p:qstu‘re land in the rolling and undulating plains west of the escarpment.

Forest cover lesses outside of protected areas in the_Cerozal and Stann Creek Districts were

approxim:ately. 7,700 ha and 6,500 ha, fespeetively (fig. 13). HoWever, more than 10,000 ha of

loss occurred in ‘rnaij sheet 1 (fig. 14), which includesmosfbf the Corozal District and the northern -

tip of Orange Walk District including Orange Walk (town). To the northwest of Orange Walk town
there were extensive losses in forest cover in areas pnmarlly used for sugar-cane fields (King

and others, 1992).
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The Belize District had the least amount of forest cover loss, approximately 5,000 ha from
1989/92 to 1994 (fig. 13). Most of the loss occurred in the vicinity of Belize City where mangroves
were cleared for urban development, and in an area between Belize City and Belmopan where a
large area of thicket and broadleaf forest (LIC, 1994) was cleared to plant a citrus orchard covering
an area of more than 1,000 ha north of the Coastal Highway (see large rectangular area southwest

of Belize City on figure 10).

Type of Forest Cover Lost, 1989/92-1994

Approximately 80 percent of the 78,100 ha loss in forest cover was in broadleaf forests
(fig. 15), which amounted to about 62,000 ha. The remaining 20 percent of the total loss was

primarily in thickets at about 10,000 ha, followed by pine forest (3,400 ha), bamboo and riparian

XA 1%

a Broadleaf Forest
[ Thicket

B Pine Forest

M Bamboo and Riparian

| Mangrove

Figure 15. Percentage of the total forest cover lost by principal forest types.
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H - Vegetation (1,600 ha), and mangroves (1,100 ha). A perusal of table 1 of forest classes shcws that

the percentage loss generally corresponds to the size of the forest resource. Broadleaf forest makes

'up approximately 66 percent of the land area in Belize, thicket almost 4 percent, and pine forest -

3 percent. Mangrove (dwarf and tall) makes up about 1.4 percent, however, which is larger than the
| O 5 percent made up of bamboo and rlparlan vegetatlon
- Considering the total forest cover in Belize as shown by the 1989/92 baseline data, by 1994
4 percent of broadleaf forest was lost, 5 percent of pine forest 12 percent of thlcket l4 percent of

} bamboo and rrparlan vegetatron and 4 percent of mangrove habitat.

Forest Cover Losses 1994-1996

Forest cover loss from 1994 to 1996 was determined by GIS a_nalysis of forests and associated

woodlands digitally classified from th_e; 1994 and 1996 Landsat TM scenes(flg;.' 16). Cloud coverin

the 1996 imagery over northern Belize and along the coast in south_e_rn Belize, restricted forest

. cover loss analysis to areas in southwestern Belize. Analysis of forest cover cha‘nge for the 1994-

-of the 1994 and 1996 digitally classified data revealed spunous losses and g g-alns along the boundarres |

of »many classified units. To eliminate most of these false changes from the analysis, only those

losses of greater than 5 ha were considered. A detailed examination and verification of the losses

w1th reference to plots of the i nnagery as was done for the 1989/92 to 1994 data could not be
accomphshed because of time llmltatlons Thus, the 1994 to 1996 forest cover losses should be
viewed as preliminary. Among the real losses are ones that occurred along the Guatemalan
~ border in Colurnbia River reserve and 'Chiquibul National Park (fig. 16;A see"ﬁg; 8 for location of
- protected areas). | - | |

In protected areas, the most extenswe apparent losses occurred in Mountam P1ne Ridge, Srbun
Columbia RlVCI’ ‘Chiquibul, and Manatee Forest Reserves, and Chlqulbul Natlonal Park where

losses ranged from approxnnately 400 to 720 ha and rates of loss ranged from about ll95 to
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o
Saltalal

Area east of this line excluded from
analysis because of cloud cover in 1996

B Forest Loss

0 20 40 60 Kilometers
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Land Information Centre
A Government of Belize
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Figure 16. Loss of forest cover in southern Belize from 1994-1996.
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: _360, ha/yr: ‘(table 11). It is believed that losses are both real and artificial, the latter the result of
eiassiﬁC’ation differences in areas of naturally sparse vegetation.
Tofai :losses between 1994 and 1996 within the districts of Belize could only be tabulated for

two, Cayo and Toledo, where 1996 coverage was sufficiently cloud free for analysis. The northeastefh

- ‘pozrition of Toledo had to be omitted because of clouds. Losses were 13,667 and 10,163 ha in Cayo

'and Toledo Dlstncts respectively. The total loss in these two dlstrlcts translates 1nto an annual rate

| of approx1mately 12,000 ha/yr.

I:n:the geographic area investigated to define losses between 1994-1996, a to‘t}a'lvof 255,650 ha

Was loss over this two year period. This loss only includes those greater than 5 ha, and excludes the

area éffected by clouds (fig. 16). Of this total, about 15 percent occurred in protected areas.

Table 11. Forest cover loss, 1994- 1996 in protected areas in southwestern Belize. See text
for a more spec1ﬁc explanation of where and how forest cover loss was deterrmned

o Forest Cover -
AN ~Loss Rate of Loss
Protected Area 1994-1996 (ha) (halyr)

Forest Reserves

Mountain Pine Ridge . 720 : 360
.- Sibun 582 291
- Columbia River 432 - 216

Chiquibul 392 196

Manatee 264 132

Deep River - . 177 89

Terra Nova 175 88

Maya Mountain 2 - 173 87

Vaca 106 53

Maya Mountain . 89 45

Tapir Mountain 13 1

National Parks : :

Chiquibul - R 464 - 232

Temash-Sarstoon - 128 - 64

Blue Hole - 4 2

Monkey Bay : 0.05

Wildlife Sanctuaries

Cockscomb Basin 115 58

Nature Reserves .

‘Bladen 108 54
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CONCLUSIONS

From the 1989/92 baseline period to 1994, approximately 78,100 ha of forest and associated
woodland cover was cleared. This magnitude of loss should be viewed as a maximum because it
ix?cludes some losses which are hot..real, but resulteﬁ from classification and methodology differences
between the baseline mapping project and this reconnaissahce project.

More than 90 percent ofﬁ the total losses in forest cover (> 70,000 ha) occurred outside of
pL-otected areas. |

The success of national and private protected areas including forest reserves, nature reserves,

<

jildlife sanctuaries, and national parks in protecting forest resources is manifested in the observation

that less than 9 percent of the total losses in forest cover occurred in protected areas. Of the total

Q

alculated loss (6,682 ha), as much as 15 to 20 percent may be du;e to discrepancies in classification.
Most losses in forest cover were due to agricultural deveiopment ranging from large citrus

drchards, to mixed farming and cropland, to small individually but cumulatively large areas of

=

nilpa farming.

Average rates of forest cover loss ranged from less than 5,000 ha/Yr in southern Belize to more

-

han 13,000 ha/yr in northern Belize, but the rate of loss throughout the country was almost 25,0()_0

=

a/yr from the baseline period of 1989/92 to 1994.

There has been a substantial increase in the rate of clearing of forest and associated woodlands

(o)

ver the past 2 to 5 years (25,000 ha/yr) relative to previously published estimates (5,000 to 9,000

-

a/yr) over the past decade (1981-1990). Even if the estimates in the current reconnaissance study

are as much as 20 pcrcer’ft too high, the rate of defoi‘estation is still very signiﬁcant.

RECOMMENDATIONS

This reconnaissance investigation was one of limited scope and duration. The main objective
was to delineate total forest cover through analysis of digital Landsat TM imagery for comparison

with total forest cover on baseline maps that were visually interp_re_ted from SPOT imagery. Very
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extensive visual verification of forest cover changes on Landsat imagery and subsequent GIS editing

of digital forest-cover loss files added a large measure of confidence to the results reported in this

with 'reference to correctmg. classification problems in the baseline data and the prov1s1onally

classified land use types defined in this project. Although the GIS files showing losses between the

baselme maps and more recent Landsat maps were extensrvely checked, edited, and corrected the

orrgmal land use classrﬁcatlons were not changed.

Because the emphasis of the study was on total forest cover, other land use types \yere only
provisionally c‘las‘siﬁed. There is a need for amore detailed and rigorous digital analysis of Landsat
™ imagery to refine the classification of both forested and nonforested areas to provide more up-
to-date and complete digital data and maps of current land use in Belize. A more complete

classification of land use would allow a quantltatlve analys1s of specific causes for loss in forest

cover by documentrng types of land use responsible for deforestatron. In addition, remotely sensed :

imagery can be used to address more specific land use and forest management issues and assist in

environmental oversight.
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