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Resumen

En este trabajo se presenta un análisis 
morfológico de cobertura forestal en un lapso 
de doce años. Se emplearon dos imágenes 
multiespectrales LANDSAT TM-4 de los años 
1989 y 2001. Estas imágenes cubren un 
área forestal donde han ocurrido cambios 
ukipkÝecvkxqu" gp" vcngu" c‚qu0" Guvcu" koƒigpgu"
hwgtqp" gzrcpfkfcu" gp" vfitokpqu" fg" xctkcdngu"
canónicas que describen la respuesta espacial-
espectral de las masas forestales. Las imágenes 
hwgtqp"oqfgncfcu"eqoq"wp"ecorq"xgevqtkcn"fg"
tantas dimensiones como bandas empleadas 
gp"gn"cpƒnkuku0"Ug"eqpuvtw{„"wp"ecorq"xgevqtkcn"
wucpfq" ncu" dcpfcu" fg" xctkcdngu" ecp„pkecu0Gn"
eqplwpvq"fg"xctkcdngu"ecp„pkecu"hwg"wucfq"rctc"
ewcpvkÝect" gn" ecodkq" xgevqtkcn" fg" ncu" ocucu"
hqtguvcngu0" Guvg" ecodkq" xgevqtkcn" ewcpvkÝec" gn"
grado de alteración de las masas forestales. Se 
empleó un algoritmo de crecimiento de regiones 
para segmentar las áreas ocupadas por el 
bosque. Este algoritmo emplea como entrada 
ncu" xctkcdngu" ecp„pkecu0" Gn" tguwnvcfq" fg" vcn"
segmentación es una imagen binaria llamada el 
dkvocr0"C"rctvkt"fg"guvg"dkvocr."ug"nngx„"c"ecdq"
un análisis morfológico del área ocupada por el 
bosque. Se empleó un DEM generado a partir de 
un par interferométrico del satélite RADARSAT-1 
para realizar una referencia cruzada con los 
bitmaps. Esta referencia cruzada conduce a la 
fgvgtokpcek„p" fg" ncu" gngxcekqpgu" c" ncu" ewcngu"
ocurren los cambios de las masas forestales.

Rcncdtcu" encxg<" eqdgtvwtc" hqtguvcn." xctkcdngu"
canónicas, morfología, crecimiento de regiones.

Abstract

C" oqtrjqnqike" cpcn{uku" qh" hqtguv" eqxgt" kp" c"
vkog"urcp"qh" vygnxg"{gctu" ku"rtgugpvgf" kp"vjku"
work. Two multispectral LANDSAT TM-4 images 
of the years 1989 and 2001 were used. These 
kocigu" eqxgt" c" hqtguv" ctgc" yjgtg" ukipkÝecpv"
ejcpigu" jcxg" qeewttgf" kp" uwej" {gctu0" Vjgug"
images were expanded in terms of canonical-
gzrcpukqp" xctkcdngu" vjcv" fguetkdg" vjg" urcvkcn/
spectral response of the forest masses. The 
kocigu" ygtg"oqfgngf" cu" c" xgevqt" Ýgnf" qh" cu"
many dimensions as the number of bands 
gornq{gf" kp" vjg" cpcn{uku0" C" xgevqt" Ýgnf" ycu"
eqpuvtwevgf" wukpi" ecpqpkecn/xctkcdng" dcpfu0"
Vjg" ugv" qh" ecpqpkecn" xctkcdngu" hqt" gcej" {gct"
ycu" wugf" vq" swcpvkh{" c" xgevqt" ejcpig" qh" vjg"
hqtguv" ocuugu0" Vjku" xgevqt" ejcpig" swcpvkÝgu"
the degree of alteration of the forest masses. A 
region-growth algorithm was used to segment 
the areas occupied by the forest. This algorithm 
wugu"cu"kprwv"vjg"ecpqpkecn"xctkcdngu0"Vjg"tguwnv"
of such segmentation is a binary image named 
the bitmap. From this bitmap, a morphologic 
analysis of the area occupied by the forest 
was undertaken. A DEM generated from a 
radar interferometric pair of the RADARSAT 1 
satellite, was used to perform a cross-reference 
with the bitmaps. This cross-reference leads to 
vjg"fgtkxcvkqp"qh"vjg"gngxcvkqp"qh"qeewttgpeg"qh"
changes in the forest masses.

Mg{" yqtfu<" hqtguv" eqxgt." ecpqpkecn" xctkcdngu."
morphology, region growing.
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Introduction

Vjg"cpcn{uku" qh" xgevqt" ejcpig" ku"wugf" kp" vjku"
yqtm" vq" swcpvkh{" vjg" ejcpig" qh" hqtguv" eqxgt"
kp" vjg" gpxktqpu" qh" Ogzkeq" Ekv{0" Vjg" xgevqt"
change is combined with morphologic analysis 
vq" fgtkxg" swcpvkvcvkxg" gxqnwvkqp" qh" vjg" hqtguv"
eqxgt0"C"pwodgt"qh"ogvjqfu"qh"xgevqt"ejcpig"
jcxg"dggp"rwdnkujgf"kp"vjg"nkvgtcvwtg"*Cnngp"cpf"
Mwrhgt."4222="Htcugt"et al0."4227="Pcemcgtvu"et 
al0."4227="Ucpejg¦"Hnqtgu"cpf"[qqn."4229+0"

C"pwodgt"qh"ejcpig"kpfkegu"jcxg"dggp"wugf"
to quantify change of temporal phenomena 
uwej" cu" fghqtguvcvkqp." fgugtvkÝecvkqp." wtdcp"
itqyvj" qt" ncpf" eqxgt" ejcpig" *Lqjpuqp" cpf"
Mcukuejmg." 3;;:=" Ng" Jfiictcv/Ocueng" cpf"
Ugnv¦." 4226=" Ecmkt" et al." 4228+0" C" fgvckngf"
ceeqwpv"qh"ejcpig"fgvgevkqp"ogvjqfu"ku"ikxgp"
in Coppin et al0" *4226+0" Ugxgtcn" ogvjqfu" qh"
ejcpig"fgvgevkqp"kp"tgoqvg"ugpukpi"ctg"ikxgp"
kp" Ecpv{" *4229+0" Tgegpv" cfxcpegu" kp" vtqrkecn"
hqtguv"eqxgt"wugf"rctcogvtke"encuukÝecvkqp"cpf"
ejcpig" xgevqt" cpcn{uku" vq" fgvgev" wpejcpigf"
and changed areas in the tropical forest of 
Coc¦qpkc"*Tcšk"et al0."4235+0

 
In the present work, a multispectral image 

ku" oqfgngf" cu" c" xgevqt" Ýgnf" qh" cu" ocp{"
dimensions as bands employed in the analysis 
*Nktc"cpf"Tqftkiwg¦."4228="Nktc."4232+0"Kp"vjku"
oqfgn."c"rkzgn"ku"fgÝpgf"cu"c"xgevqt"qh"cp"gswcn"
number of elements as the number of bands. 
Two LANDSAT TM-4 images are used in this 
oqfgn"vq"qdvckp"vjg"ejcpig"qh"hqtguv"eqxgt"kp"c"
vkog"urcp"qh"vygnxg"{gctu0"C"eq/tgikuvtcvkqp"qh"
the images was applied in order to implement 
qwt"ogvjqf" cpf" vq" gxcnwcvg" vjg" hqtguv" eqxgt"
change in the time span. 

Kp"vjg"rtgugpv"tgugctej."vjg"xgevqt"ejcpig"
vjcv"gzrgtkgpegu"vjg"xgevqt"Ýgnf"cuuqekcvgf"vq"
vjg"kocig"ycu"eqpukfgtgf"*Ncodkp"cpf"Uvtcjngt."
3;;6="Yctpgt."4227="Ucpejg¦"cpf"[qqn."4229="
Mqpvqgu." 422:+0" C" ugv" qh" xctkcdngu" ygtg"
calculated from a canonical-expansion of the 
kocig"*Nktc"cpf"Ictekc."4225+0"Vjku"gzrcpukqp"
rtqfwegu" vjtgg" dcuke" ecpqpkecn" xctkcdngu" vjcv"
characterize the spatial-spectral state of the 
hqtguv"eqxgt0"Vjg"wug"qh"xctkcdngu"vq"uvwf{"ncpf"
eqxgt" ejcpig." cu" c" dcuku" hqt" ejcpig" xgevqt"
cpcn{uku." jcu" dggp" rtqrqugf" *Ncodkp" cpf"
Uvtcjngt."3;;6="Ncodkp"cpf"Gjtnkej."3;;9+0"Vjg"
qtkikpcn"Ncpfucv"dcpfu"fgÝpg"c"8/fkogpukqpcn"
xgevqt" Ýgnf0" Kpuvgcf." vjg" ecpqpkecn" xctkcdngu"
fgÝpg"c"5/fkogpukqpcn"xgevqt"Ýgnf0

Vjg"ugv"qh"xctkcdngu"ygtg"wugf"kp"c"tgikqp/
itqyvj"cniqtkvjo"vq"ugiogpv"vjg"hqtguv"eqxgt0"
This segmentation produced a two-class 

image named the bitmap. The bitmap depicts 
vjg" ctgc" qh" vjg" hqtguv" eqxgt" cpf" vjg" tguv" qh"
the image. From the bitmaps of the images, 
oqtrjqnqike" ejcpig" ycu" gxcnwcvgf0" C" fkikvcn"
gngxcvkqp"oqfgn"*FGO+"ycu"eqpuvtwevgf"wukpi"
an interferometric pair of the RADARSAT 1 
satellite. The DEM was combined with the 
dkvocru"vq"fgtkxg"eqpenwukqpu"qp"oqtrjqnqike"
ejcpig"qh"hqtguv"eqxgt0

Kp" vjg" rtgugpv"yqtm." qpg" xgevqt" Ýgnf"ycu"
eqpukfgtgf<" vjg" xgevqt" Ýgnf" hqtogf" d{" vjg"
ecpqpkecn" xctkcdngu0" Rtkpekrcn" eqorqpgpv"
cpcn{uku" *REC+" ycu" crrnkgf" vq" vjg" ugv" qh"
xctkcdngu"qh"dqvj" kocigu0"Htqo"REC."ejcpigu"
qh"vjg"xgevqt"Ýgnf"ygtg"cuuguugf0"Vjg"cpcn{uku"
qh"xgevqt"ejcpig"dcugf"qp"REC" ku"wugf"vjgtg"
wrqp" cpf" eqpenwukqpu" qp" vjg" hqtguv" eqxgt"
ejcpig"ygtg" fgtkxgf0" Kp" vjg" gpuwkpi" ugevkqp"
qh"ogvjqfu."fgvcknu"ctg"rtqxkfgf"qp"vjg"xgevqt"
Ýgnf"cpcn{uku0"

Materials and methods

Materials 

Two multi-spectral LANDSAT TM-4 images are 
used in this research. From these images, an 
ctgc"ycu"gzvtcevgf="vjg"tguwnvkpi"uwd/kocigu"
are dubbed 1989 and 2001. Figure 1 depicts 
a false color composite of the images of 1989 
and 2001. Table 1 shows basic technical details 
qh"vjgug"kocigu0"Ykvj"vjg"gzegrvkqp"qh"dcpf"8."
all the bands of the images were used in our 
research analysis. Band 6 is not included in the 
analysis due to a different pixel size. 

Vjgug" kocigu" eqxgt" cp" ctgc" nqecvgf" vq"
the east of Mexico City where a forest mass 
uwttqwpfu" vyq" xqnecpqgu0" Vjku" hqtguv" ocuu"
is formed by a mixture of coniferous trees, 
pcogn{" rkpg." q{cogn" cpf" egfct" *Jgtpcpfg¦"
Icte‡c" cpf" Itcpcfqu" Uƒpejg¦." 4228+0" Htqo"
March 1989 to January 2001, this forest 
mass has experienced a change in extension, 
oqtrjqnqi{" cpf" jgvgtqigpgkv{" *T¦gfqyumk"
cpf"T¦gfqyumk0" 4227="Jgtpcpfg¦"Icte‡c" cpf"
Itcpcfqu"Uƒpejg¦."4228+0"Vjku"hqtguv"ocuugu"
yknn"dg"tghgttgf"kp"vjku"tgugctej"cu"hqtguv"eqxgt0"
In addition to the LANDSAT TM-4 images, an 
interferometric pair from the RADARSAT 1 
ucvgnnkvg" ycu" eqpukfgtgf" *Vcdng" 4+0" Htqo" vjku"
kpvgthgtqogvtke" rckt." c" fkikvcn" gngxcvkqp"oqfgn"
*FGO+"ycu"gzvtcevgf0"

The LANDSAT TM-4 images were 
geometrically corrected and corregistered 
using the ephemerides of the orbit. On the 
generation of the DEM from the RADARSAT 1, 
ground control points were used to corregister 
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Figure 1. TID"?"]9.6.3_"qh"vjg"kocigu"qh"3;:;"*c+"cpf"4223"*d+0

Table 1. Basic technical details of multi-spectral Landsat TM-4 images.

Kocig" Fcvg" Rcvj1Tqy" Rkzgn"*o2+" Fkogpukqp"*rkzgnu+" Dcpfu"*┢o+

" " " " " " 3+"2067/2074"
" " " " " " 4+"2074/2082
" " " " " " 5+"2085/208;
" 3;:;" Octej"9." 48169" 4:07"'"4:07" 3;26"'"45:2" 6+"2098/20;2
" " 3;:;" " " " 7+"3077/3097
" " " " " " 8+"3206/3407
" " " " " " 9+"402:/4057

" " " " " " 3+"2067/2074"
" " " " " " 4+"2074/2082
" " " " " " 5+"2085/208;
" 4223" Lcpwct{"6." 48169" 4:07"'"4:07" 3;26"'"45:2" 6+"2098/20;2
" " 4223" " " " 7+"3077/3097
" " " " " " 8+"3206/3407
" " " " " " 9+"402:/4057
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the interferometric pair. In this sense, the 
DEM produced by the interferometric pair was 
corregistered with the LANDSAT TM-4 images. 
Both, the LANDSAT TM-4 images and the 
FGO"ygtg" tgucorngf" vq"jcxg" vjg" ucog"rkzgn"
fkogpukqp"qh"4:07"'"4:07"o2. 

Methods

In order to quantify the temporal change 
qh"vjg"hqtguv"eqxgt."vyq"ownvk/urgevtcn" kocigu"
were considered. On the grounds of these 
images, a model to characterize the spatial-
urgevtcn"uvcvg"qh"vjg"hqtguv"eqxgt"ycu"fgÝpgf0"
Vjg"oqfgn"ycu"fgÝpgf"d{"ogcpu"qh"c"ugv"qh"
xctkcdngu0" Wukpi" vjg" oqfgn." c" ugiogpvcvkqp"

qh" vjg" ctgc" eqxgtgf" d{" vjg" hqtguv" eqxgt" ycu"
undertaken. The segmentation based on 
this model results in a binary image dubbed 
vjg" dkvocr" cu" gzrnckpgf" kp" ugevkqp" 404050" Vjg"
xcnkfkv{" qh" vjg" oqfgn" ycu" cuuguugf" qp" vjg"
itqwpfu" qh" c" ownvkxcnwgf" rtqdcdknkuvke" nqike"
eqodkpcvkqp" qh" vjg" xctkcdngu" vjcv" fgÝpg" vjg"
oqfgn"cu"gzrnckpgf"kp"ugevkqp"5050"Vjg"dkvocr"
ycu" wugf" vq" fgtkxg" oqtrjqnqike" rctcogvgtu"
that quantify the temporal change of the forest 
ocuu"*Ugevkqp"506+0"C"ogvjqf"qh"xgevqt"ejcpig"
by means of the principal component analysis 
was considered to quantify the degree of forest 
eqxgt" ejcpig" *Ugevkqp" 40406+0" Fgvcknu" qh" vjg"
cdqxg"tcvkqpcng"hqnnqy"*Hkiwtg"4+0"

Figure 1b.
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Figure 2. YqtmÞqy"qh"vjg"ogvjqfqnqi{"qh"cpcn{uku0

Vjg" ugngevgf" xctkcdngu" vjcv" fguetkdg" vjg"
urcvkcn/urgevtcn" dgjcxkqt" qh" vjg" hqtguv" eqxgt"
ctg" TgÞgevcpeg" qh" xgigvcvkqp." Vgzvwtg" cpf"
the Greenness band of the Kauth and Thomas 
vtcpuhqtocvkqp0" Vjgug" xctkcdngu" fgÝpg" vjg"
urcvkcn/urgevtcn" uvcvg"qh" vjg" hqtguv" eqxgt0" Vjg"
texture determines the spatial roughness of 
xgigvcvkqp." cpf" TgÞgevcpeg" cpf" Itggppguu"
guvcdnkujgu" vjg" urgevtcn" uvcvg" qh" xgigvcvkqp0"
Fgvcknu" qh" vjg" ecnewncvkqp" qh" vjgug" xctkcdngu"
ctg" rtqxkfgf" kp" ugevkqp" 404030" Uwej" xctkcdngu"
form a canonical expansion of the image 
*Nktc"cpf"Ictekc."4225+0"Kp"dtkgh."vjg"oqfgn"ku"
fgukipgf"cu"*c+"C"ecpqpkecn"gzrcpukqp"qh" vjg"
ownvkurgevtcn" kocig." *d+"C"ugv"qh"xctkcdngu" vq"
fguetkdg" vjg" urcvkcn" cpf" urgevtcn" dgjcxkqt" qh"
vjg"hqtguv"eqxgt"cpf"*e+"Vq"fgÝpg"c"xgevqt"Ýgnf"
qh"vjtgg"fkogpukqpu"htqo"yjkej"xgevqt"ejcpig"
can be assessed.

C"ugiogpvcvkqp"qh"hqtguv"eqxgt"ycu"cejkgxgf"
wukpi" vjg" xctkcdngu" cu" kprwv" vq" c" jkgtctejkecn"
tgikqp/itqyvj" cniqtkvjo" TJUGI" *jvvr<11
vgejvtcpuhgt0iuhe0pcuc0iqx1TJUGI+0"Vjg"tguwnv"
is a segmented image with a certain number 
qh"tgikqpu"*Vknvqp"et al0."4228+0"Fgvcknu"qh"vjku"
ugiogpvcvkqp"ctg"rtqxkfgf"kp"ugevkqp"404050"

TJUGI" uvcpfu" hqt" Tgewtukxg" Jkgtctejkecn"
Segmentation. This algorithm establishes 
a segmentation hierarchy where an image 
ku" ugiogpvgf" cv" fkhhgtgpv" ngxgnu" qh" fgvckn0"
Ugiogpvcvkqp" cv" eqctugt" ngxgnu" qh" fgvckn"
can be generated from merges of regions at 
Ýpgt" ngxgnu" qh" fgvckn0" Kp" vjku" rtqegfwtg." cp"
object in the image is represented by multiple 
kocig"ugiogpvu" kp"Ýpgt" ngxgn"qh"fgvckn" kp" vjg"
segmentation hierarchy. In region-growing, 
urcvkcnn{" cflcegpv" tgikqpu" kvgtcvkxgn{" ogtig"
to represent and object with spatial-spectral 
jqoqigpgkv{"*Vknvqp"et al0."4228+0

Vjg" oqtrjqnqi{" qh" vjg" hqtguv" eqxgt" ycu"
calculated using a group of morphologic 
parameters. A large number of connected 
ctgcu" fwddgf" rcvejgu" hqto" vjg" hqtguv" eqxgt0"
Vjg"gxcnwcvkqp"qh" vjg"oqtrjqnqi{" eqpukuvu" kp"
the calculation of two groups of parameters, 
c+" vjg" pwodgt" qh" rcvejgu" cpf" kvu" ctgc" cpf"
d+"vjg"jgvgtqigpgkv{"qh"vjg"rcvejgu0"Vjg"Ýtuv"
group is to assess the extension of the forest 
eqxgt" cpf" vjg" ugeqpf" itqwr" ku" vq" cuuguu" vjg"
complexity of the landscape form by the forest 
eqxgt0" Vjg" ecnewncvkqp" qh" vjg" vyq" itqwru" qh"

parameters for the images 1989 and 2001, 
rgtokv"vjg"swcpvkÝecvkqp"qh"vjg"gxqnwvkqp"qh"vjg"
gzvgpukqp"qh" vjg" hqtguv"eqxgt"cpf"vjg"ejcpig"
of its heterogeneity. Morphologic parameters 
were calculated using the Fragstats software 
*jvvr<11yyy0wocuu0gfw1ncpfgeq1tgugctej1
htciuvcvu1htciuvcvu0jvon+0"Fgvcknu" ctg" ikxgp" kp"
ugevkqp"5060

Since PCA is used to quantify the temporal 
xgevqt" ejcpig." pq" tcfkqogvtke" pqtocnk¦cvkqp"
ycu"tgswktgf"hqt"vjg"xctkcdngu"vjcv"fgÝpg"vjg"

Table 2. Basic technical details of interferometric RADARSAT 1 images.

" Kocig"3" Kocig"4" Rkzgn"*o2+" Uk¦g"*mo2+" Nqqmu" Dcpf

" Oc{"3;."3;;:" Lwn{"8."3;;:" 46"'"46" 366096"'"4480:;" 6" E*708"eo+
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urcvkcn/urgevtcn"oqfgn" *Ecpv{." 4229." Ejcrvgt"
:+0" Fgvcknu" qh" vjku" ctg" rtqxkfgf" kp" ugevkqp"
2.2.2. Once the images were corregistered, 
REC"ycu"crrnkgf"vq"vjg"xgevqt"Ýgnf"hqtogf"d{"
vjg" xctkcdngu" qh" dqvj" kocigu0" Ugevkqp" 40406"
describes such change. Figure 2 depicts the 
yqtmÞqy"qh"vjg"ogvjqfqnqi{"cdqxg"fguetkdgf0

In order to corroborate that the selected 
xctkcdngu" cfgswcvgn{" fgrkevu" vjg" uvcvg" qh"
vjg" hqtguv" eqxgt" c" ownvkxcnwgf" rtqdcdknkuvke"
nqike" ku" gornq{gf0" Vjg" xctkcdngu" qh" vjg" vyq"
kocigu"ctg"eqodkpgf"d{"ogcpu"qh"ownvkxcnwgf"
rtqdcdknkuvke" nqike" *Pknuqp." 3;:8+" vq" igpgtcvg"
cp"kocig"yjgtg"vjg"ejcpig"qh"vjg"hqtguv"eqxgt"
ku"fguetkdgf0"Ugevkqp"40407"rtqxkfgu"fgvcknu"qh"
such combination.

Ecpqpkecn"gzrcpukqp

A canonical expansion is a representation of 
vjg" kocig" kp" vgtou"qh"c"ugv"qh"xctkcdngu"ykvj"
nqy"qt"pwnn"eqttgncvkqp"coqpi"vjgo"*Nktc"cpf"
Ictekc." 4225+0" Vjg" xctkcdngu" ugngevgf" hqt"
uwej" gzrcpukqp" ygtg" TgÞgevcpeg." Vgzvwtg"
and Greenness of the forest masses. The 
ecnewncvkqp"qh"vjgug"xctkcdngu"ycu"vjg"hqnnqykpi0"
The Greenness is the second band of the Kauth 
and Thomas transformation of the LANDSAT 

VO/6" kocig0" Vjg" TgÞgevcpeg" qh" vjg" hqtguv"
eqxgt"ku"fgtkxgf"wukpi"c"xctkcpv"qh"vjg"rtkpekrcn"
eqorqpgpv" cpcn{uku" *Nktc." 4228+0" Kp" vjku"
xctkcpv."c"ugv"qh"rkzgnu"tgncvgf"qpn{"vq"vjg"hqtguv"
eqxgt" ku"ocpwcnn{" gzvtcevgf" htqo" vjg" kocig0"
Vjg"eqxctkcpeg"ocvtkz"qh"uwej"ugv"ku"ecnewncvgf0"
Vjg"ugv"qh"gkigpxgevqtu" ku"qdvckpgf" htqo" vjku"
eqxctkcpeg"ocvtkz0" Vjgug" gkigpxgevqtu" fgÝpg"
a kernel of transformation. This kernel is then 
applied to the whole image. The result is the 
xctkcpv" qh" vjg" rtkpekrcn" eqorqpgpv" cpcn{uku"
tgncvgf"qpn{"vq"vjg"hqtguv"eqxgt0"Vjg"Vgzvwtg"ku"
igpgtcvgf"wukpi"c"fkxgtigpeg"qrgtcvqt"crrnkgf"
wrqp" vjg" Ýtuv" vjtgg" rtkpekrcn" eqorqpgpvu" qh"
vjg"NCPFUCV"VO/6"kocigu"*Nktc"cpf"Tqftkiwg¦."
4228+0"Vjgug"xctkcdngu" tgrtgugpv" vjg" urcvkcn/
urgevtcn" uvcvg" qh" vjg" hqtguv"ocuugu0" Hkiwtg" 5"
shows a false color composite of canonical 
xctkcdngu" hqt" vjg" kocigu" qh" 3;:;" cpf" 42230"
Ngv"vjgug"xctkcdngu"dg"pcogf"cu"hqnnqyu<"Z

1
 – 

Itggppguu."Z2"Î"TgÞgevcpeg"cpf"Z5 – Texture. 
Vjgug"xctkcdngu"hqto"cp"gzrcpukqp"qh"vjg"kocig"
in agreement with the following expression

 
g  k,l  =  + a X k,l  ij ji i( ) ( ) .

j-1

m

  i = 1, 2... n and k, l =1, 2" .... M, N 
" " *3+

Figure 3. TID"hcnug"eqnqt"eqorqukvg"qh"ecpqpkecn"xctkcdngu"hqt"vjg"3;:;"*nghv+"cpf"4223"*tkijv+"kocigu0
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Table 3. Linear regression between canonical bands of image 1989.

Table 4. Linear regression between canonical bands of image 2001.

Yjgtg"*m."n+"ctg"vjg"eqqtfkpcvgu"qh"c"rkzgn"kp"
the image, ┢

i
 is the mean of the image bands 

cpf"*O."P+"ctg" vjg"fkogpukqpu"qh" vjg" kocig0"
The index i is a band of the image, while j is a 
fwoo{"kpfgz0"Vjg"eqghÝekgpvu"c

ij
 in this case 

ctg"ugv"vq"qpg0"Jgpeg."vjg"kocig"i"ku"gzrtguugf"
cu"c"nkpgct"eqodkpcvkqp"qh"vjg"xctkcdngu"cdqxg/
ogpvkqpgf0" Yjgp" vjg" eqttgncvkqp" dgvyggp"
xctkcdngu"Z

i
"ku"nqy."gzrtguukqp"*3+"crrtqzkocvgu"

c"ecpqpkecn"gzrcpukqp"qh"vjg"kocig"*Fqwijgtv{"
3;;;+0"Vjg"oqfgtcvg"eqttgncvkqp"*Vcdng"5"cpf"
6+"coqpi"vjgug"xctkcdngu"hqt"vjg"kocigu"wugf"
kp"vjku"yqtm"eqttqdqtcvgu"vjcv"gzrtguukqp"*3+"ku"
crrtqzkocvgn{"xcnkf"cu"c" ecpqpkecn" gzrcpukqp"
of the images. A linear histogram expansion 
ycu"crrnkgf"vq"vjg"vjtgg"xctkcdngu"vq"jcxg"vjg"
fkikvcn"tcpig"]2.477_0"Pq"wpkvu"ygtg"cuuqekcvgf"
vq"vjg"xctkcdngu0

Tcfkqogvtke"pqtocnk¦cvkqp"cpf"eq/tgikuvtcvkqp

Although the same sensor produces the 
images used in this research, the conditions 
of illumination and geometry of acquisition are 
not exactly the same. From one date to the 
other, the solar illumination is different due to 
xctkcvkqpu"kp"vjg"gngxcvkqp"cping"cpf"ejcpigu"qh"
vjg"c¦kowvj"cping"qh"vjg"Uwp0"Gxgp"oqtg."vjg"
ucvgnnkvg" qtdkv" gzrgtkgpegu" uocnn" Þwevwcvkqpu"
vjcv"ngcf"vq"c"igqogvt{"qh"fkhhgtgpv"qdugtxcvkqp"
for the acquisition of the images. Due to this, 
it is necessary to carry out a co-registration 
process of the images. The co-registration is 
ocfg"d{"ogcpu"qh"cp"qtvjqtgevkÝecvkqp"oqfgn"
using the satellite ephemerides applied to each 
image. The radiometric normalization is not 
tgswktgf" ukpeg" vjg" xgevqt" ejcpig" ku" cuuguugf"
using the PCA applied upon the ensemble of 
urgevtcn"xctkcdngu"qh"dqvj"kocigu"*Ecpv{."4229."
Ejcrvgt" :+0" Vjg" eqodkpgf" jkuvqitco" qh" vjg"

xctkcdngu"hqt"vjg"kocigu"qh"3;:;"cpf"4223"ujqy"
vjcv" c" tcfkqogvtke" pqtocnk¦cvkqp" ku" cejkgxgf"
*Hkiwtg"6+0"Vq"qdvckp"vjg"eqodkpgf"jkuvqitco."
an RGB false color composite of the canonical 
xctkcdngu"ycu"rtgrctgf0"Vjku"TID"ku"cp"kocig"
of 24-bits depth. Then, a compression of 24-
bits to 8-bits was applied. The histogram of the 
compressed image is the combined histogram. 
The co-registered bands were used in turn to 
fgtkxg"vjg"cdqxg/fguetkdgf"xctkcdngu0

Igpgtcvkqp"qh"c"dkvocr

Vjg" tgikqp/itqyvj" cniqtkvjo" TJUGI" ycu"
crrnkgf"vq"vjg"ugv"qh"ecpqpkecn"xctkcdngu"cdqxg/
mentioned. This algorithm was applied to each 
itqwr"qh"xctkcdngu"hqt"vjg"kocigu"qh"3;:;"cpf"
2001. The region-growth algorithm generated 
a segmented image where certain regions 
are associated with the forest masses. In an 
kvgtcvkxg" rtqeguu." vjg" tgikqpu" ygtg" itqwrgf"
until reaching a binary image that represents 
a thematic map dubbed the bitmap. This 
kvgtcvkxg" rtqeguu" eqpukuvu" kp" vjg" ciitgicvkqp"
qh"tgikqpu"tgncvgf"vq"vjg"hqtguv"eqxgt0"Tgikqpu"
pqv"cuuqekcvgf"vq"vjg"hqtguv"eqxgt"ctg"itqwrgf"
into a single class dubbed rest of the image. 
Vjg" kfgpvkÝecvkqp" qh" tgikqpu" tgncvgf" vq" hqtguv"
eqxgt" ku" fqpg" qp" vjg" itqwpfu" qh" vjg" kocig"
qdvckpgf" d{" ownvkxcnwgf" rtqdcdknkuvke" nqike"
*ugevkqp"40407+0"Vjg"rctv"qh" vjg"enqwfu" kp" vjg"
kocig"3;:;"ku"gpvktgn{"qxgt"vjg"hqtguv"ocuugu="
therefore, that cloud-region was integrated 
kpvq"vjg"encuu"hqtguv"eqxgt0"Vjku"rtqegfwtg"ycu"
carried out manually.

This bitmap is a binary image with two 
xcnwgu"qt"uvcvgu<"3"&"hqtguv"eqxgt."cpf"2"&"tguv"
of the image. The bitmap set the grounds for 
vjg"swcpvkÝecvkqp"qh"vjg"cuuqekcvgf"oqtrjqnqike"

Canonical band First component Texture Greenness

Hktuv"eqorqpgpv" 302222" 20546:" 208367
" Vgzvwtg" 20546:" 302222" 203995
" Itggppguu" 208:4:" 203995" 302222

 Canonical band First component Texture Greenness

" Hktuv"eqorqpgpv" 302222" 205:24" 208:4:
" Vgzvwtg" 205:24" 302222" 204364
 Greenness 0.6828 0.2142 1.0000
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rctcogvgtu"qh"vjg"hqtguv"eqxgt"cu"gzrnckpgf"kp"
ugevkqp"5060"Hkiwtg"7"fkurnc{u"vjg"dkvocr"qh"vjg"
images of 1989 and 2001. The bitmaps were 
also used to assess the temporal change of the 
hqtguv"eqxgt"cu"gzrnckpgf"kp"ugevkqpu"40407."503"
cpf"5040

Xgevqt"ejcpig

In a multispectral image g┝*t+" qh" ┝" dcpfu." c"
rkzgn"ku"c"xgevqt"qh"┝"gngogpvu

 r = {b
1
, b

2
 . . . b｠}" *4+

Yjgtg"d
k
" ku"vjg"xcnwg"qh"vjg"rkzgn" kp"vjg"m"

&"dcpf0"Vjg"kpvgtxcn"qh"xctkcvkqp"qh"d
k
"ku"2"ø"d

k
 

ø"4n-1, where n = 8 in most cases. The set of 
xgevqtu"}t

i
’" hqtou" vjg"xgevqt"Ýgnf"cuuqekcvgf"

vq"vjg"ownvkurgevtcn"kocig"*Nktc"cpf"Tqftkiwg¦."
4228="Nktc"4232+."tgrtgugpvgf"cu

 U ={r
i 
} *5+

Yjgtg" vjg" jqqmu" }’" kpfkecvg" vjg" ugv" qh"
xgevqtu"cuuqekcvgf" vq"cp" kocig0"Ngv" t

i
 be the 

xgevqtu"qh" vjg"xgevqt"Ýgnf"qh" vjg"3;:;" kocig"
and r

j
 those of the 2001 image. According 

vq" vjku." vyq"xgevqt"Ýgnfu"ctg"eqpukfgtgf0"Vjg"
tgikqp" qh" vjg" xgevqt" Ýgnf" cuuqekcvgf" vq" vjg"

forest masses experience a change from the 
year 1989 to 2001. A measurement of such 
ejcpig"ku"tgswktgf"vq"cuugu"vjg"oqfkÝecvkqp"qh"
vjg"hqtguv"eqxgt0

Vjg" xgevqt" ejcpig" ecp" dg" ogcuwtgf" kp"
ugxgtcn"yc{u<"*c+"D{"ogcpu"qh"c"ogcuwtgogpv"
qh" ukoknctkv{" dgvyggp" vjg" xgevqtu" }t

i
} and 

}t
j
’"*Ucpejg¦"Hnqtgu"cpf"[qqn."4229="Yctpgt."

4227+0" *d+" Wukpi" vjg" rtkpekrcn" eqorqpgpv"
analysis of the whole ensemble of bands of 
vjg" vyq" kocigu" *Ecpv{." 4229+0" *e+"Wukpi" vjg"
principal component analysis of the set of 
ecpqpkecn"xctkcdngu"qh"vjg"vyq"kocigu0"

The principal component analysis was 
applied on two sets of bands, namely

*k+" Rtkpekrcn" eqorqpgpv" cpcn{uku" qh" vjg"
ensemble of bands.

The principal component analysis was 
applied to the ensemble of bands of the 
kocigu"3;:;"cpf"42230"Pqpg"qh"vjg"Ýtuv"vjtgg"
eqorqpgpvu"ujqyu"xcnwcdng"fgvcknu"vq"swcpvkh{"
vjg"ejcpig"qh"vjg"hqtguv"eqxgt0

*kk+"Rtkpekrcn"eqorqpgpv"cpcn{uku"qh"vjg"ugv"
qh"ecpqpkecn"xctkcdngu0

Figure 4. Combined histogram of 
kpfkecvqtu"qh"kocig"3;:;"*c+"cpf"kocig"

4223"*d+0
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Vjg"xgevqt"ejcpig"ycu"ogcuwtgf"wukpi"vjg"
principal component analysis of the ensemble 
qh"ecpqpkecn"xctkcdngu"qh"vjg"kocigu"3;:;"cpf"
42230"Ukz"ecpqpkecn"xctkcdngu." vjtgg"xctkcdngu"
from the image of 1989 and three from the 
image of 2001 determine such ensemble. 
Vjgtghqtg." c" 5/fkogpukqpcn" xgevqt" Ýgnf" ku"
fgÝpgf" hqt" 3;:;" cpf" c" 5/fkogpukqpcn" xgevqt"
Ýgnf"hqt"42230"Vjku"xgevqt"Ýgnf"gzrgtkgpegu"c"
ejcpig" htqo" 3;:;" vq" 42230" Vjku" xgevqt" Ýgnf"
change can be measured by the use of principal 
component analysis applied on the ensemble of 
8/ecpqpkecn"xctkcdngu"hqt"3;:;"cpf"42230"Vjg"
Ýtuv"eqorqpgpv"ecttkgu"oquv"qh"vjg"xctkcpeg"qh"
vjg"xgevqt"ejcpig"htqo"3;:;"vq"42230"Hkiwtg"
8" ujqyu" vjg" Ýtuv" rtkpekrcn" eqorqpgpv" qh" vjg"
xgevqt"ejcpig0"

Vjg" tgikqpu"qh" vjg"xgevqt"Ýgnf" vjcv"fkf"
not experience a change from 1989 to 2001 
jcxg" c" jkij" fgitgg" qh" ukoknctkv{0" Vjqug" vjcv"
fkf"ejcpig"jcxg"c"nqy"ukoknctkv{0"Vjcv"ejcpig"
ku" fgrkevgf" kp" vjg" Ýtuv" rtkpekrcn" eqorqpgpv0"
Kp" Ýiwtg" 8." vjg" xcnwgu" qh" vjg" ogcuwtgogpv"
of similarity and principal components are 
uvcpfctfk¦gf" cv" vjg" kpvgtxcn" ]2." 477_." yjgtg"
¦gtq"kpfkecvg"pq"ejcpig"cpf"477"vjg"oczkowo"
change. This is translated into an image where 
hqtguv" eqxgt" ejcpig" ku" itcfwcnn{" crrtgekcvgf"
htqo"fctm"vqpgu"vq"dtkijv"vqpgu0"Hqtguv"eqxgt"
alteration is appreciated in bright tones, the 
brightest, the greater the change.

Ownvkxcnwgf"rtqdcdknkuvke"nqike

The canonical expansion produced three 
xctkcdngu" Z

i
 that characterize the spatial-

urgevtcn" uvcvg" qh" vjg" hqtguv" xgigvcvkqp" qh" vjg"
uegpg0"Vjgug"xctkcdngu"ecp"dg"eqodkpgf"wukpi"
ownvkxcnwgf"rtqdcdknkuvke" nqike"*Pknuuqp."3;:8+"
by means of the expression

 " *6+

Yjgtg" Z" ku" vjg" tguwnvkpi" kocig" qh" uwej"
eqodkpcvkqp0" Kocig" Z" ku" vjg" rtqdcdknkv{" qh"
qeewttgpeg"qh"hqtguv"eqxgt0

Gswcvkqp" *6+" tgswktgu" vjg" xctkcdngu" Z
i
 to 

be considered as probabilities. To accomplish 
this, it is assumed that the pixel distribution 
xcnwgu"qh"vjg"xctkcdngu"Z

i
 are probabilities. In 

vjku"ugpug."vjg"jkijgt"vjg"xcnwg"qh"vjg"rkzgn"kp"
Z

i
, the higher the probability. The histogram of 

Z
i
 characterizes such probability distribution. 

Vjg"jkijgt"vjg"xcnwg"qh"c"rkzgn"kp"Z
i
 the higher 

vjg"rtqdcdknkv{"qh"qeewttgpeg"qh"c"hqtguv"eqxgt0"
Vjgtghqtg." vjg" ownvkxcnwgf" nqike" cnnqyu" vjg"
eqttqdqtcvkqp" vjcv" vjg" ugngevgf" xctkcdngu"
ejctcevgtk¦g" vjg" hqtguv" eqxgt" rtqrgtn{0" Hkiwtg"
9" ujqyu" vjg" ownvkxcnwgf" rtqdcdknkuvke" nqike"
hqt"vjg"ugv"qh"xctkcdngu"qh"vjg"kocigu"qh"3;:;"
cpf" 42230" Vjg" tguwnvu" hqt" vjg" ownvkxcnwgf"
probabilistic logic are high probability for forest 

Figure 5. Dkvocr"qh"vjg"kocigu"qh"3;:;"*nghv+"cpf"4223"*tkijv+0
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Figure 6. *c+" Hktuv" rtkpekrcn" eqorqpgpv" qh"
xgevqt"ejcpig0"Hqtguv"eqxgt"cnvgtcvkqp"ku"cr-
preciated in bright tones, the brightest, the 
greater the change. Forest mass appears in 
ogfkwo"cpf"fctm"itc{0"*d+"CornkÝecvkqp"qh"
vyq" ugngevgf" ¦qpgu" htqo" vjg" vqr" nghv" *nghv+"
cpf"htqo"vjg"okffng"*tkijv+"qh"Ýiwtg"8c0

a)

b)

¦qpgu"*fctm"vqpgu+"cpf"nqy"rtqdcdknkv{"hqt"vjg"
tguv" qh" kocig" *ogfkwo" cpf" dtkijv" vqpgu+0"
Kp" ownvkxcnwgf" rtqdcdknkuvke" nqike." fkuvkpevkxg"
probabilities occur for the forest masses and 
the rest of the image. 

Fkikvcn"gngxcvkqp"oqfgn

An interferometric pair from the RADARSAT 
1 satellite was used to generate a digital 
gngxcvkqp"oqfgn" *FGO+" qh" vjg" ctgc" qh" uvwf{0"
This interferometric pair was acquired from 

the Alaskan Satellite Facility by means of an 
ASF Project Agreement. Table 2 shows basic 
parameters of this interferometric pair.

Vjg"FGO" ku" fgrkevgf" kp" Ýiwtg" :0" C" etquu/
reference of this DEM with the bitmaps that 
fgrkev" vjg" hqtguv" eqxgt" ejcpig" *Hkiwtg" 7+"
rgtokvu" vjg" guvkocvkqp" qh" vjg" gngxcvkqpu" qh"
vjg"hqtguv"ocuugu"cpf"cp"kfgpvkÝecvkqp"qh"vjg"
ctgcu"qh"hqtguv"nquu0"Ykvj"vjg"etquu/tghgtgpeg."
forest loss-type may be related to altitude as 
gzrnckpgf"kp"ugevkqp"5070
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Figure 7." Ownvkxcnwgf" rtqdcdknkuvke" nqike" qh"
3;:;"*c+"cpf"4223"*d+0Hqtguv"ocuugu"crrgct"
in dark gray. Borders from the bitmap of 
4223"ctg"qxgtnckf"ykvj"vjg"rtqdcdknkuvke"nqike"

of 2001.

a)

b)
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Results

Rtqfwevkqp"qh"c"dkvocr

Vjg" encuukÝecvkqp" ykvj" vjg" tgikqp&itqyvj"
cniqtkvjo" wukpi" vjg" ecpqpkecn" xctkcdngu"
produced the bitmap of the years 1989 and 
2001. The bitmap was used as the basis to 
gxcnwcvg" vjg" oqtrjqnqi{" qh" vjg" hqtguv" ctgcu"
*Hkiwtg" 7" cpf" Vcdng" 7+0" Hkiwtg" ;" fgrkevu" cp"
qxgtnc{" qh" vjg" dkvocru" qh" 3;:;" cpf" 42230"
Vjg" hqtguv" eqxgt" ejcpig" ku" ujqyp" kp" tgf0"
The reduction of forest masses occur in the 
perimeter and in numerous spots within the 
forest.

Xgevqt"ejcpig

Two methods were considered using the 
principal component analysis applied to the 
qtkikpcn"dcpfu"qt"vq"vjg"ugv"qh"xctkcdngu"*ugevkqp"

40406+0"Dguv"tguwnv"ycu"qdvckpgf"ykvj"vjg"ugv"qh"
ukz"ecpqpkecn"xctkcdngu" htqo"vjg" kocigu"3;:;"
cpf"42230"Cu"Ýiwtg"8"ujqyu."vjg"dtkijv"urqvu"
that indicate forest change match well with the 
dqtfgtu"qh"vjg"dkvocr"qh"42230"Kp"vjku"Ýiwtg."
vjg"rgtkogvgt"qh"vjg"hqtguv"eqxgt"eqkpekfgu"ygnn"
with the edges produced by the bitmap. 
 
Hkiwtg"8"ku"cp"qxgtnc{"qh"vjg"Ýtuv"rtkpekrcn"

component of the ensemble of canonical 
xctkcdngu" ykvj" vjg" dkvocr" qh" 42230" Kp" vjku"
eqorqpgpv."hqtguv"eqxgt"ejcpigu"ctg"fgrkevgf"
kp"xct{kpi"ujcfgu"qh"itc{0"Kpuvgcf."vjg"dkvocr"
depicts the total forest loss. Therefore, some 
of the gray shades indicating medium or 
oqfgtcvg"hqtguv"eqxgt"ejcpig"ctg"pqv"octmgf"
by the bitmap. These results corroborate that 
vjg" wug" qh" xctkcdngu." kpuvgcf" qh" vjg" qtkikpcn"
bands, is an appropriate model of the spectral 
tgurqpug"qh"vjg"hqtguv"eqxgt0

Figure 8."Fkikvcn"gngxcvkqp"oqfgn"fgtkxgf"htqo"c"TCFCTUCV"3"kpvgthgtqogvtke"rckt0"Gngxcvkqp"uecng"ku"ujqyp"qp"
the left-bottom.
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Ownvkxcnwgf"rtqdcdknkuvke"nqike

Vjg" eqodkpcvkqp" qh" vjg" xctkcdngu" qh" hqtguv"
eqxgt" ykvj" ownvkxcnwgf" rtqdcdknkuvke" nqike"
produced an enhancement of the forest zones 
and an inhibition of the rest of the image. 
This corroborate that the selected canonical 
xctkcdngu"ctg"ygnn"cfcrvgf"vq"ejctcevgtk¦g"vjg"
spatial-spectral response of the forest masses 
*Hkiwtg"9+0"Vjg"jkuvqitco"qh" vjg"rtqdcdknkuvke"
image is bimodal with a sharp decrease around 
fkikvcn" xcnwg" qh" :20" C" ujctr" ejcpig" kp" itc{"
ujcfgu"htqo"hqtguv"eqxgt"vq"pqp/hqtguv"qeewtu"
in this probabilistic image. The borders coincide 
ygnn" ykvj" vjg" ownvkxcnwgf" rtqdcdknkuvke" nqike"
of image 2001. Therefore, when the borders 
htqo"vjg"dkvocr"qh"4223"ctg"qxgtnckf"ykvj"vjg"
probabilistic logic of 2001 such sharp changes 
ku"kfgpvkÝgf0

Oqtrjqnqi{"qh"hqtguv"eqxgt

Ykvj"vjg"dkvocr"cuuqekcvgf"vq"vjg"ugiogpvcvkqpu"
qh"vjg"hqtguv"eqxgt."kv"ku"hgcukdng"vq"swcpvkh{"vjg"
morphologic parameters of the forest zones. 
These morphologic parameters are area, 
number of patches, density of patches, form 
of the landscape and fractal dimension. The 
Ýtuv"vjtgg"rctcogvgtu"fgvgtokpg"vjg"gzvgpukqp"
qh" vjg" hqtguv" eqxgt0" Vjg" ncuv" vyq" rctcogvgtu"
fguetkdg"vjg"eqorngzkv{"qh"vjg"hqtguv"eqxgt0

Vcdng" 7" uwooctk¦gu" vjg" xcnwgu" qh" vjgug"
parameters. The area associated to each pixel 
ku"4:07"'"4:07"o2"?":34047"o20"Vjg"fgÝpkvkqp"
and units of these parameters is the following

̋"Ctgc"/"Pwodgt"qh"rkzgnu"qh"vjg"hqtguv"ctgc"
of the bitmap multiplied by the area associated 

Table 5. Morphologic parameters of the forest areas.

Figure 9. Qxgtnc{"qh"dkvocru"qh"3;:;"*yjkvg"
rnwu"tgf+"cpf"4223"*yjkvg+0"Ejcpig"crrgctu"

in red.

Kocig" Rcvejgu" Ctgc"*o2+" Fgpukv{1rcvejgu"" Hqto1ncpfuecrg" Rgtkogvgt1Ctgc
" " " " *o-2+" " *31o+

" 3;:;" 5.8;3" 3.24:.;27.726" 30226;" 750;7:4" 305563
" 4223" 6.224" "";48.452.828" 302:;8" 7:0:246" 305489
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to the dimension of the pixel. This quantity is 
expressed in m2.

̋" Rcvejgu" /" Pwodgt" qh" eqppgevgf" ¦qpgu"
wpfgt" eqppgevkxkv{" :" vjcv" kpenwfg" vjg" hqtguv"
area. This quantity is dimensionless.

̋"Fgpukv{"qh"rcvejgu" /"Pwodgt"qh"rcvejgu"
fkxkfgf" d{" vjg" hqtguv" ctgc0" Vjku" swcpvkv{" ku"
expressed in m-2.

̋"Hqto"qh" vjg" ncpfuecrg" /"Ogcuwtg"qh" vjg"
aggregation or desegregation of patches. As 
vjg" xcnwg" qh" vjku" rctcogvgt" kpetgcugu." vjg"
patches become increasingly disaggregated. 
This quantity is dimensionless.

̋" Rgtkogvgt1Ctgc." htcevcn" fkogpukqp" /"
Double of the slope of the line of regression 
of the logarithm of the patch area against the 
logarithm of the patch perimeter. This quantity 
is expressed in 1/m.

From the year 1989 to the year 2001, the 
hqtguv" ctgc" ycu" tgfwegf" d{" 324.896.:;:"o2 
*Vcdng"7+0"Vjg"htciogpvcvkqp"cpf"tgfwevkqp"qh"
the forest areas is the result of illegal cutting, 
Ýtgu"cpf"rnciwgu"*Cegxgu"Rcuvtcpc."4227+0

Vjg"xcnwgu"qh" vjg"oqtrjqnqike"rctcogvgtu"
qh" vcdng" 7" rtqxg" engctn{" vjcv" vjg" hqtguv" ctgc"
*vjg" ncpfuecrg+" dgeqogu" oqtg" eqorngz" cu"
forest mass is lost. A great number of patches 
qh"fkxgtug"uk¦g"hqto"vjg"hqtguv"ctgcu"fgrkevgf"
kp" vjg"dkvocr=" vjg" ugv"qh"rcvejgu" ku" gswcn" vq"
the total area occupied by the forest mass. For 
c"swcf/eqtg"k9"RE"twppkpi"cv"506"IJ¦"cv"86/dkv"
operating system, the total computing time for 
vjg"kocigu"wugf"kp"vjg"rtgugpv"kpxguvkicek„p"ku"
less than 10 minutes.

Etquu/tghgtgpeg"qh"FGO"ykvj"hqtguv"eqxgt

C" etquu/tghgtgpeg" qh" FGO" ykvj" hqtguv" eqxgt"
*dkvocr+"ku"ujqyp"kp"Ýiwtg"320"Vcdng"8"tguwogu"
hqtguv"ejcpigu"tgncvgf"vq"vjg"gngxcvkqp"qh"vjg"
uvwf{" ctgc0" Vjg" dqzgu" kp" Ýiwtg" 32" kpfkecvg"
ugxgtcn"¦qpgu"qh"oclqt"hqtguv"ejcpig"*Vcdng"8+0

Cu" Ýiwtg" 32" ujqyu." okpqt" ejcpigu" kp"
the forest areas occur in the periphery and 
in numerous spots inside the forest. Major 
ejcpigu" ctg" nqecnk¦gf" kp" vyq" ¦qpgu<" vq" vjg"
north and to the southeast in two large gullies. 
Vjg"hqtguv"eqxgt"qh"vjg"uvwf{"ctgc"qeewtu"kp"vjg"
gpxktqpu"qh"vyq"oclqt"xqnecpqgu0"Vjg"gngxcvkqp"
xctkcvkqp"kp"vjku"ctgc"ku"htqo"vjg"jknnu"cv"4327"
ogvgtu"vq"vjg"uwookv"qh"vjg"jkijguv"xqnecpq"cv"
7765"ogvgtu0"Vjg"hqtguv"eqxgt"ctg"rtgugpv"htqo"
the hills to an altitude of about 4000 meters. A 
cross-reference of DEM with the bitmap allows 

vjg"nqecnk¦cvkqp"qh"hqtguv"eqxgt"kp"tgncvkqp"vq"vjg"
altitude of the study area. Therefore, on the 
itqwpfu"qh"vjku"etquu/eqttgncvkqp"vjg"gngxcvkqp"
qh"hqtguv"ejcpig"qeewttgpegu"ecp"dg"kfgpvkÝgf0"
Table 6 has three columns. The left column 
ujqyu"Ýxg"ugngevgf"ctgcu"yjgtg"hqtguv"ejcpig"
occurs. The column on the middle indicates the 
gngxcvkqpu"qh"vjcv"ejcpig."cpf"vjg"eqnwop"qp"
the right the degree of change.

Conclusions

A segmentation of the areas that occupy the 
forest masses in a zone to the east of the 
Mexico City generated a binary image dubbed 
the bitmap. This bitmap was produced using 
cp"cniqtkvjo"qh"tgikqp&itqyvj"vjcv"gornq{u"cu"
kprwv"vjg"ecpqpkecn"xctkcdngu"vjcv"ejctcevgtk¦g"
the state of the spatial-spectral response 
of the forest masses. From the bitmap, it is 
rquukdng" vq" qdvckp" vjg" oqtrjqnqike" xctkcdngu"
that describe the spatial structure of the forest 
ctgcu0" Vjg" cuuqekcvgf" xgevqt" ejcpig" vq" vjg"
xgevqt"Ýgnfu"qh" vjg" kocigu"qh" vyq"fcvgu" kp"c"
ncrug"qh"vygnxg"{gctu"cnnqyu"vjg"swcpvkÝecvkqp"
of the degree and location of the change of the 
forest mass. The use of a DEM obtained from an 
kpvgthgtqogvtke"rckt"cnnqyu"vjg"kfgpvkÝecvkqp"qh"
gngxcvkqp/tgncvgf"urqvu"yjgtg"ejcpigu"kp"hqtguv"
eqxgt"qeewt0"C"ugctej"qh"vjg"uqekcn."igqitcrjke"
and physical situation of the forest masses 
kp" ctgc" qh" uvwf{" *Cegxgu" Rcuvtcpc." 4227+"
eqorngogpv" vjg" kocig" cpcn{uku" fgxgnqrgf" kp"
this research. From these bases the following 
eqpenwukqpu"ctg"fgtkxgf"

k+0" Uwej" htciogpvcvkqp" ku" jgvgtqigpgqwu."
within the forest mass and some edges of the 
forest area. The density of patches increases 
since the area is reduced and the number of 
rcvejgu" kpetgcugu" *Vcdng" 7+." vjku" tguwnv" kp" cp"
increase of heterogeneity of the landscape 
hqtogf"d{"vjg"hqtguv"eqxgt"rcvejgu0

kk+0"Vjg"oqtrjqnqike"uvtwevwtg"qh"vjg"ctgcu"
becomes more complex as the forest area 
fragments. Vjg" hqto" qh" vjg" ncpfuecrg" *Vcdng"
7+" ikxgu" vjg"ogcuwtgogpv" qh" vjg" eqorngzkv{"
qh"vjg"hqtguv"ctgc0"Vjg"xcnwg"qh"vjku"rctcogvgt"
increases from 1989 to 2001 indicating that 
vjg" eqorngzkv{" qh" vjg" hqtguv" eqxgt" ctgc" jcu"
increased.

kkk+0" Vjg" hqtguv" urqvu" ctg" tgfwegf" kp" c"
eqpukfgtcdng"ctgc0"Vjg"ctgc"qh"vjg"hqtguv"eqxgt"
is reduced by slightly more than 100 km2 
*Vcdng"7+0

kx+0"Vjg"ecpqpkecn"xctkcdngu"fguetkdg"dgvvgt"
the spatial-spectral state of the forest areas than 
the original bands. The application of principal 
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Table 6. OqfkÝecvkqp"qh"hqtguv"ctgcu"kp"tgncvkqp"vq"vjg"gngxcvkqp0

Figure 10. Etquu/tghgtgpeg"qh"FGO"ykvj"dkvocru"qh"3;:;"*{gnnqy"rnwu"tgf+"cpf"4223"*tgf+0"[gnnqy"fgrkev"ejcpig"
ctgcu0"Dqzgu"ujqy"vjtgg"cnvgtcvkqp"¦qpgu"*ugg"vcdng"8+0

[gct"3;:;"Î"¥qpg" Jgkijv""*o+" Qdugtxcvkqpu

C" 4872"Î5;82" okpqt"ejcpigu
C3" 5272"Î"5;82" oc{qt"ejcpig
D" 4772"Î"5;82" okpqt"ejcpigu
E" 4722"Î"5:52" okpqt"ejcpigu
E3" 5272"Î"5:52" okpqt"ejcpig

[gct"4223"Î"¥qpg" Jgkijv"*o+" Qdugtxcvkqpu

C" 4:72"Î"5;72" okpqt"ejcpig
C3" 5382"Î"5;82" oc{qt"ejcpig
D" 4772"Î"5;82" okpqt"ejcpig
E" 4822"Î"5:52" okpqt"ejcpig
E3" 5472"Î"5:52" oc{qt"ejcpig
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component analysis to the ensemble of the 
12-bands of the images of 1989 and 2001 did 
not produce meaningful results. The canonical 
xctkcdngu" ctg" fgukipgf" vq" ejctcevgtk¦g" vjg"
urcvkcn" *vgzvwtg+"cpf" vjg" urgevtcn" *tgÞgevkxkv{"
cpf"itggppguu+"tgurqpug"qh"vjg"hqtguv"eqxgt0"

x+0" Vjg" ownvkxcnwgf" rtqdcdknkuvke" nqike"
eqttqdqtcvgu" vjcv" vjg" ecpqpkecn" xctkcdngu"
rtqxkfg"cp"cfgswcvg"fguetkrvkqp"qh" vjg" hqtguv"
areas.

xk+0" Vjg" etquu/tghgtgpeg" ykvj" vjg" FGO"
kfgpvkÝgf"uocnn"urqvu"qh"fghqtguvcvkqp"cv"jkijgt"
cnvkvwfgu"cpf"oc{qt"ejcpigu"qh"hqtguv"eqxgt"cv"
nqygt"cnvkvwfgu"*Vcdng"8+0
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