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ABSTRACT

Accurate, cost effective and timely multiple spatial-temporal information on the patterns of land cover
change is crucial for environmental management and understanding. For this reason, segmentation and
object-oriented classification was applied to Landsat TM/ ETM+ imagery to map and monitor land
cover dynamics in the Region Costa Maya (RCM) in 1993, 2000 and 2010. Overall mapping accuracy
for land-cover map in 2000 was 94.29% (k= 0.9141). Post-classification approach, involving cross
tabulation of three generated maps, was used to characterize spatial-temporal rates and patterns of land
cover change to infer major processes of changes over 17 years. Results revealed rapid urbanization,
agricultural land abandonment (forest transition) and destruction of mangrove forests, mediated by
socio-economic factors linked to tourism development as the leading drivers of land cover change, with
grave implications on environmental sustainability in the Costa Maya area. The study has confirmed
the value of segmentation and object-oriented classification for mapping and monitoring land cover
change at regional scale.

Keywords: change detection, object-oriented classification, image segmentation, remote sensing,
Landsat images.

Analisis de imagenes orientadas a objetos para mapear y monitorear
cambios en la cobertura terrestre de la Region Costa Maya, México:
1993-2010

RESUMEN

La informacién espacio-temporal multiple, precisa, rentable y pertinente sobre los cambios en la
cobertura del suelo es fundamental para el mejor manejo del medio ambiente. De esta forma, en este
estudio se aplico la segmentacion y clasificacion orientada a objetos a las imagenes de Landsat TM /
ETM + para mapear la cobertura del suelo en la Region Costa Maya, de 1993, 2000y 2010. Se obtuvo
una precision global de mapeo del mapa del afio 2000 de 94,32% (k= 0.9141). Para caracterizar las
tasas y los patrones espacio-temporales de cambio en la cobertura terrestre, se aplico la comparacion
en post-clasificacion, utilizando tabulaciones cruzadas de tres mapas, posteriormente generados, para
inferir los principales procesos de cambios durante 17 afios. Los resultados revelaron una rapida
urbanizacion, el abandono de tierras agricolas (transicion forestal) y la destruccion de los manglares,
mediado por factores socio-econdomicos vinculados al desarrollo del turismo, como los principales
impulsores del cambio, con graves implicaciones sobre la sostenibilidad del medio ambiente en la
Costa Maya. El estudio ha confirmado el valor de la segmentacion y clasificacion orientadas a objetos
en el mapeo y monitoreo del cambio de cobertura terrestre a escala regional.

Palabras clave: deteccion de cambio, clasificacion orientada a objetos, segmentacion de imagenes,
teledeteccion (percepcion remota), imagenes Landsat.
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INTRODUCTION

The earth needs constant monitoring of its
rapidly changing landscapes to ensure its
health and sustainability. Environmental
damage just like any chronic disease
requires regular and up-to-date diagnoses
to improve treatment. Landscape change
is a result of complex interactions between
land-cover and land-use reflecting a variety
of environmental and social factors, and
poses the largest threat to the ecological
system (LAMBIN et al., 2003; GEIST et
al., 2006). To understand landscape changes
it is necessary to monitor and characterize
spatial and temporal patterns of land
cover change (PETIT et al., 2000). This is
important because precise information on
land cover change such as location, extent,
and cause is crucial for an improved analysis
and management of natural resources and
urban development (WANG et al., 2009).

The Region Costa Maya is an example
of an area experiencing rapid land cover
changes. Established in 1991 by the state
government as an engine to stimulate the
development of the southern Quintana
Roo a region that has experienced massive
development, mainly in tourism and related
infrastructure, which has turned it into one
of the most important tourism destinations,
attracting tourists from across the world
(CAMPOS-CAMARA 2010). Tourism is
significant for the prosperity of the region,
but it has also led to increased hazards to
its environment in the form of increased
migration, uncontrolled urbanization
and great pressure on natural resources
(CASTILLO-VILLANUEVA et  al,
2010); even though the region is subject
to various instruments for environmental
protection and management (Programa de
Ordenamiento Ecologico del Territorio -
POET) which regulate economic, tourism
and urban developments and envisage
the restoration, protection, conservation
and rational use of natural resources
(GONZALEZ-VERA 2010; VAZQUEZ-
TREJO, 2010).
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Left unchecked, the aforementioned threats
could eventually lead to land degradation,
which might not only compromise human
well-being, but also tourism, which is the
principal economic activity in the Region
Costa Maya. Hence, it is imperative to
examine these factors within the context
of sustainable land use in order to stave
off environmental deterioration. Given the
spatial and temporal scales of concern,
satellite remote sensing seems to be the
only cost-effective and feasible way of
acquiring the necessary information about
the environment (FOODY 2003). Thus, the
objectives of this study are: (1) to develop
an appropriate remote sensing methodology
using Landsat TM/ETM+ data to monitor
land cover changes in Region Costa Maya;
(2) to draw land cover maps for the same
area during the years 1993, 2000 and 2010;
(3) to identify land cover trends during this
period.

This study implies two main procedures,
namely the drawing up of land cover maps
and the implementation of change detection
analysis. Among its key output is a set of
validated datasets describing land covers
in the study area, which will be useful to
develop models to provide further insights
into the process of landscape change.

Background (Landscape change detection)

GEIST et al. (2006), suggested that
any land cover-change study should be
implemented following two fundamental
steps, namely detecting change in the land-
cover, and ascribing that change to a set of
causal factors. Remote sensing is a valuable
data source from which land cover change
information over a range of spatial and
temporal scales can be extracted efficiently
and cheaply (LAMBIN 1997). Monitoring
land cover variations can be accomplished
by analyzing multi-temporal land use/cover
maps or by multi-date remotely sensed
image processing. This is a technique known
as change detection, whose basic principle,
according to MAS, (1999) is that any



changes in land cover produce detectable
differences in the spectral response of
ground targets. Change detection has
become a critical and universal tool for
natural resource managers and researchers
in governmental agencies, conservation
organizations and industry. LU et al. (2004)
provides an excellent review of its range of
applications which include: land use/cover
change; urban change; forest or vegetation
change; deforestation and regeneration;
wetland change and others.

Output from remote sensing analyses
is typically quantitative and repeatable
(PRENZEL 2004). Hence, effective change
detection research should give insight into
the quantity, location and nature of land
cover changes (ASPINALL & HILL 2008).
A successful implementation of change
detection depends on several factors such
as natural status of the area, selection of
appropriate remote sensing data and analysis
techniques (COPPIN et al., 2004; LU et
al., 2004). Another crucial consideration
in remote sensing application is in-situ
information collection, which is essential
for calibration purposes and integration of
other tools like GIS and GPS to improve
result accuracy (ESWARAN et al., 2001).

Recent technological progress in remote
sensing and associated digital image
processing techniques offer unprecedented
opportunities to more accurately map
land cover. One relatively new technique
that has not been used extensively in
land cover mapping, but which shows
considerable possibilities of development,
is segmentation and object-oriented image
processing (FROHN et al., 2009). It refers
to the classification of homogeneous image
primitives, i.e. groups of pixels that closely
resemble the size and shape of features in
the real world scene such as lakes, urban
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areas, cropland, forests and urban areas,
rather than the individual pixels of any given
remote sensing imagery (BLASCHKE etal.,
2014). Compared to traditional pixel-based
change paradigm this approach has shown
excellent potential to improve accuracy in
land cover mapping (BLASCHKE 2013;
NAVULU 2007; LIU & XIA 2010), yet
only a handful of peer-reviewed studies
in Mexico have applied it to Landsat data.
Thus, in this study we apply segmentation
and object-oriented processing to Landsat
TM/ ETM+ imagery to map and monitor
land cover in Region Costa Maya over a 17-
year period.

MATERIALS AND METHODS
Study area

The Region Costa Maya is located in the
Municipality of Othon P. Blanco, Quintana
Roo, on the southeastern extreme of the
Yucatan peninsula, between coordinates
19°05 N, 87° 35 W and 18° 10 N, 87° 33
W. Its boundaries are the Caribbean Sea to
the east, the Sian Kéan Biosphere Reserve
to the north, the Bacalar lagoon to the west
and the State of Belize to the south. Local
topography is generally flat, averaging about
8 m above mean sea level. Geologically, it
is a karst environment characterized by thin
limestone-derived soils (mostly lithosol and
rendzinas) and a system of underground
drainage systems and sinkholes.

Warm humid tropical climate with summer
rainfall (between May and October) prevails
in the region. The vegetation comprises
mainly of tropical forest, lowland forest,
pasture and cultivated areas, while the
coastal strip is characterized by mangroves
and marshes.
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The marine ecosystem is integrated into
the Mesoamerican barrier reef, the second
largest in the world. Chetumal, Bacalar,
Majahual and Xcalak are the main urban
centers in the Region Costa Maya, with
Chetumal, the state capital, showing
the greatest population concentration of
58.4% in 2000, rising to 62.3% in 2005
(CASTILLO-VILLANUEVA et al., 2010).
Tourism, fishing, agriculture and forestry
are the main economic activities in the
Region Costa Maya.

Data

Analysis of land cover change was based
on three land cover maps dated 10/04/1993,
09/02/2000 and 14/02/2010, derived from
Landsat TM/ETM+ images (Path 19,
Row 47) downloaded for free from the
United States Geological Survey’s Landsat
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archives. Images were selected in order to
minimize environmental fluxes affecting
the change detection results (SINGH 1989).
Being located in the subtropical zone, the
Region Costa Maya tends to be cloudy
throughout the year. So, images were
taken during the dry season (November-
March) to take advantage of cloud-free
windows, which unfortunately were not
available at precise anniversary dates.
Luckily, the United States Geological
Survey had already orthorectified the
three images to the UTM zone 16 North
(map projection) and WGS 84 (datum
and ellipsoid, NAD27) corresponding to
Quintana Roo and so, only radiometric
correction was deemed necessary. Ancillary
data for selecting training areas and testing
image classification included the Mexican
National Institute for Statistics, Geography
and Demographics (INEGI) Series IV



topographical map, some historical photos
and Google Earth.

Preprocessing

Preprocessing steps included radiometric
calibration and image segmentation using
Idrisi Selva® software.

Radiometric calibration

With the aim of removing atmospheric
effects and making images comparable
between the dates, we applied the Cos(?)
model, which is an image-based absolute
correction application in Idrisi Selva that
removes haze and normalizes images using
data that can be found or calculated from
accompanying image metadata(EASTMAN
2012). We ignored the Full Correction
model as we did not have historical in-situ
meteorological data to input into the said
model. Besides, the reflectance values
computed by the Cos(?) model have been
found to closely approximate values derived
from much more demanding models
requiring in-situ atmospheric measurements
(CHAVEZ, 1996).

Classification scheme

Jensen (1996) warns that if a reputable
classification system already existed, it
would be unwise to develop an entirely
new system that would probably be
used only by us. A classification scheme
defines the specific land use or land cover
categories that are required for a given
application; it is generally better to use a
well-accepted classification scheme and
adjust the various class definitions to suit
the project at hand (NARUMALANI et al.,
2005). Accordingly, we adopted the INEGI
classification scheme to allow us to interpret
the significance of classification results in
light of the other studies and to make it
easier to share data. The scheme comprised
of five generalized classes: water, urban
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area (and built-up surfaces), agriculture
(cultivated area and pastures), hydrophytic
vegetation, mangroves and tropical forest.

Segmentation and object-oriented
classification

One critical step in object-oriented
classification before implementing image
classification is the production of suitably
segmented images and this entails grouping
contiguous pixels into objects having
defined level of spectral homogeneity
(BLASCHKE et al., 2014). To achieve
this, we selected a subset of three bands
(3, 4 and 5) from each Landsat scene and
segmented them into objects using the Idrisi
Selva®  ‘multi-resolution — segmentation’
algorithm. This is a semi-automated
process where the user can define specific
input parameters to tune the algorithm to
the correct scale of analysis, and then a
supervised classification can be applied on
the segmented image (EASTMAN 2012).
Unfortunately, there are no standard values
for these variables (FROHN et al., 2009) as
different kinds of images not only require
different scales of analysis, but also because
significant objects may appear at different
spatial scales of analysis in the same image
(BLASCHKE et al., 2011). Hence, to run
the model, we performed several iterations
of similarity tolerances by trial and error,
until we found a combination of values
(Table 1) that produced the best output,
based on the visual inspection. We used the
same parameters in the final segmentation
of the three dates.

Lastly, using sample objects, selected
as representative of land cover classes
interpreted from /NEGI topographical map,
expert knowledge and Google Earth®,
we produced land cover maps for 1993,
2000 and 2010 (Fig. 2) by supervised
classifications of each date using maximum
likelihood algorithm.
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TABLE 1. SUMMARY OF SEGMENTATION PARAMETERS OF PIXELS FOR THE DATES: 1993, 2000 anp 2010.

TAaBLA 1. RESUMEN DE LOS PARAMETROS DE SEGMENTACION DE PIXELES EN LAS TRES IMAGENES
SATELITALES: 1993, 2000 v 2010.

Segmentation . Window . . . o
Bands Weight . Weight-mean factor | Weight-variance factor | Similarity tolerance
parameters size
Value 34,5 0.3/0.4/0.3 3 0.5 0.5 35/40/70

Source: own elaboration.

Accuracy assessment

Land cover maps derived from remote
sensing always contain some sort of
errors due to several factors ranging from
classification techniques to methods of
satellite data capture, which can affect
the change process with omission and
commission errors (CONGALTON &
GREEN, 2009). Hence, it is necessary to
assess the accuracy of the derived maps
not only to gauge map quality, but also the
effectiveness of classification procedures
used (CONGALTON, 2004). This is
most effectively done by implementing
an accuracy assessment (FOODY, 2002).
However, carrying out a proper accuracy
assessment can be time- consuming and
costly, this is the main reason why this
crucial step is often overlooked in many
mapping projects (CONGALTON &
GREEN, 2009; HORNING, et al., 2010). In
this study, an accuracy assessment only on
land cover map 2000, for which there was
reliable historical reference data, following
procedures outlined in EASTMAN (2012)
was performed.

Firstly, a set of 210 random sample
locations was generated using Idrisi Selva’s
stratified random sample module. Then the
true land covers at these locations were
determined, with the help of INEGI, Series
IV topographical Map, Google Earth, expert
knowledge and familiarity with the area of
study and some limited fieldwork. Finally,
the wvalidated land cover classes against
those mapped in land cover map 2000 using
an error matrix (Table 2) was compared to
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derive the overall classification accuracy,
omission (producer’s accuracy),commission
(user’s accuracy) errors and a k coefficient.
The definitions and computations of the
aforementioned terms have been described
extensively in remote sensing literature
(JENSEN, 1996; LILLESAND, et al,
2004; CONGALTON & GREEN, 2009;
CAMPBELL & WYNNE, 2011).

Change detection analysis

Change detection was accomplished by
cross-tabulating 1993, 2000 and 2010
land cover maps. The post-classification
comparison technique because it allows
detection and mapping of amount, location
and nature of land cover change was
applied (LU, et al., 2004). Three classified
maps were loaded onto Idrisi Selva and
implemented the Land Change Modeler
(LCM) which allowed us to quickly map
and analyze spatial distribution of different
land cover classes, land cover changes and
spatial trends in transitions between land-
cover categories in the landscape over time
(EASTMAN, 2012).

As the potential combinations of transitions
can be complex with many land-cover
classes, to simplify analysis in this study we
focused on the transitions linked to human
activities. Also, considering that land
transformation is not linear (URIARTE,
et al.,, 2010). The average annual rate of
change (R) for each class with the formula
proposed by PUYRAVAUD (2003) was
calculated that is:
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R=(AJA) ") -1 RESULTS

Where: A, and A, are the class areas at the  Land cover classification

end (t,) and the beginning (t,), of the period

being evaluated, and t,-t, is the number of ~ Figure 2 represents the land cover maps

years spanning that period. generated for 1993, 2000 and 2010. The
individual class areas and change statistics
for the three dates are summarized in
Table 3.
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FiG. 2. MAPAS DE COBERTURA DE SUELO, 1993, 2000 v 2010.
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Apart from water (~45%), the prevalence of
tropical forests in the landscape is evident;
maps show their gradual fragmentation,
appearing smoother in 1993 and patchier
in succeeding years. Wetlands (hydrophytic
vegetation and mangroves collectively)
constitute the third largest class in the
Region Costa Maya, where hydrophytic
vegetation can be observed as steadily
spreading at the expense of mangroves.
Agriculture, the fourth largest land cover
class in the region is mainly concentrated

Investig. Geogr. Chile, 50: 33-50 (2015)

in the fresh water basin of Bacalar Lake
and Hondo River. The urban area class
comprises of the smallest area of the study
and is mainly prominent around major
towns both inland and along the Caribbean
coast.

Mapping accuracy achieved
Table 2 shows that the overall mapping

accuracy of the land-cover map 2000 was
94.29% with a k coefficient of 0.9141.

TABLE 2. ERROR MATRIX FOR CLASSIFIED MAP 2000, wiTH PRODUCER’S, USER’S AND OVERALL
AcCURACY BY CLASS.

TABLA 2. MATRIZ DE ERROR ENTRE CLASES DEL MAPA 2000, CON FIABILIDAD DEL PRODUCTOR, DEL
USUARIO Y EXACTITUD (FIABILIDAD) GLOBAL.

Reference data
Water | Urbanarea | Agriculture | H.Vegetation | Mangrove | T.Forest | Total | ErrorC
WWatar 88 0 0 0 0 0 88 | 0.00
g | Ubamares: | g 1 0 0 0 0 1 | 0.00
(0]
< 7
e Agriculture 0 0 5 0 0 0 5 0.00
(]
| Houogetaion | 5 0 0 12 4 2 18 | 0.33
w1
[
o | Manerove 0 0 0 0 16 2 18 | o011
Flhorest 0 1 2 1 0 76 76 | 0.05
Total 88 2 7 13 20 80 210
ErrorO 0.00 0.50 0.2857 0.0769 0.20 0.05
CLASS Producer’saccuracy User’s Accuracy Overall Accuracy
Water RB/88 = 100% 88/88=100%

1.2 =50%
5/7=71.43%
12/13 =92.31%
16/20 = 80%
76/80 = 95%

Urban area
Agriculture
H. vegetation
Mangrove

Tropical Forrest

1/1=100%

(88+1+5+12+16+76)/210
=198/210 =94.29%

5/5=100%
12/18=66.67%
16/18=88.89%

76/80=95%

Source: own elaboration.

The highest producer accuracies (>80%)
resulted  from  sampling relatively
homogenous classes (water bodies, h.
vegetation and tropical forest), while lowest
producer accuracies were associated with
mixed classes (urban and agricultural
areas). In contrast, lowest user accuracies
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were linked to sampling closely related
classes i.e., mangroves and hydrophytic
vegetation.

According to FOODY (2002), land cover
elements should be mapped at an accuracy
of about 85% or more. On the other hand,



Kk coefficient values (range: -1 and +1)
ought to be divided into four qualitative
groupings: values lower than 0.4 represent
poor or very poor agreement, values from
0.4 to 0.55 represent fair agreement, values
from 0.55 to 0.7 represent good agreement,
values from 0.7 to 0.85 represent very good
agreement, and values higher than 0.85
represent excellent agreement between
images (MONSERUD & LEEMANS
1992).

Land cover change analysis

The analysis of the spatial patterns of land-
cover changes underpins the third objective
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of this study: to characterize the land cover
trends in the region. Fig. 3 represents two
cross-classified maps (1993-2000 & 2000-
2010) which depicts persistence, i.e. areas
where no change occurred between land
cover classes (in green) and the inter-class
spatial patterns of conversions between the
dates (in other colors). One obvious feature
on these maps is the sharp increase and
then the decline of agricultural areas on the
mainland west of the Bahia de Chetumal
(Chetumal Bay) from 1993-2000 and 2000-
2010 respectively, mainly due to their
conversion to tropical forests.

Land covers transitions, 1993 - 2000
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FIG. 3. SPATIAL PATTERN OF LAND COVER CHANGES BETWEEN DATES.

FIG. 3. PATRON ESPACIAL DE CAMBIO EN LA COBERTURA TERRESTRE ENTRE LAS FECHAS.

Another prominent change is the marked
expansion of wurban zones, especially
around Chetumal and Mahahual, probably
as a result of natural growth. Another

noteworthy change is the fragmentation of
the wooden vegetation classes (tropical and
mangrove forest) around major urban areas,
especially in Mahahual.
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Magnitude and rates of land cover
changes

Table 3 and Fig. 4 respectively, provide
quantitative  information  about  the
magnitude of each land cover type and
its rate of change. Negative values denote
a decrease in the rate and magnitude of
change in the land cover type. Hydrophytic
vegetation expanded significantly in all the
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sub periods (by 169.56 Km? from 1993-
2000, at 5.02% per annum and by 87.78
km? from 2000-2010, at 1.41% per annum)
corresponding to an overall net annual
increase of 2.88% for the entire study
period. In contrast, mangroves declined
steadily from 1993-2000 by 86.85 Km? at
-2.3% per year, and from 2000-2010 by
93.43 Km2 at -2.11% per year, maintaining
an overall annual decline rate of -2.2%.

TABLE 3. LAND COVER AND ITS CHANGE BETWEEN DATES.

TaBLA 3. COBERTURA DEL SUELO Y SU CAMBIO ENTRE LAS FECHAS.

Coverage in 1993 | Coverage in 2000 Coverage in 2010 Changes
Land cover
(Km?) % (Km?) % (Km?) % | 1993-2000 | 2000-2010
Water 3339.23 | 45.604 | 3352.52 | 45.786 | 3356.28 | 45.837 13.29 3.76
Urban area 24.72 0.338 28.23 0.386 47.46 0.648 3.51 19.23
Agriculture 59.93 0.818 96.47 1.318 59.90 0.818 36.54 -36.57
H. vegetation 414.78 5.664 584.34 7.980 672.12 9.179 169.56 87.78
Mangrove 572.35 7.817 485.50 6.630 392.07 5.355 -86.85 -93.43
Forest 2911.21 | 39.759 | 2775.16 | 37.900 | 2794.39 | 38.163 -136.05 19.23
Total 7,322.22 100 7,322.22 100 7,322.22 100 0 0
Source: own elaboration.
+ : increase in coverage; - : decrease in coverage.
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FIG. 4. RATES OF LAND COVER CHANGE DURING THE PERIODS: 1993-2000, 2000-2010 anp 1993-2010.

Fi1G. 4. TASA ANUAL DE CAMBIO EN COBERTURA TERRESTRE DURANTE 1993-2000, 2000-2010 v 1993-2010.
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A large decline of tropical forest cover
(136.06 Km?) took place in the period 1993-
2000, at an annual rate of -0.68 % (Fig. 4).
Later the trend reversed during the second
period, whereupon a slow increase in forest
cover (19.23 Km?) at a rate of 0.07% per
annum occurred, reflecting an annual net
loss of -0.24%, for the entire study period.
Agricultural areas presented an interesting
result: they gained 36.56 Km? (at 7.04%
per annum) from 1993-2000, only to lose
by nearly the same amount (at -4.65%
per annum) from 2000-2010, reflecting a
negligible net annual rate of change for the
entire study period. In contrast, urban area
class exhibited an intense spatial increase
in both sub periods. It spread by 3.51 Km?
(at 1.91% per annum) from 1993 to 2000

Map and monitor land cover change

before sharply increasing its area, roughly
fivefold, to 19.23 Km? (at 5.99 % per
annum) between 2000 and 2010, reflecting
an overall net annual rate 3.91% for the
entire study period.

Nature of changes among land covers

Some classes contributed to variations in
other categories (Fig. 5). For instance, Urban
gained primarily from Agriculture and
Forests, but lost to Mangrove from 1993-
2000. Between 2000 and 2010, contribution
to net change in Urban from both Forest and
Agriculture at least doubled, and Urban also
recovered its losses from Mangroves during
the period 2000-2010.
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Forest loss explains the majority of the total
increases in Agricultural areas in the first sub
period, while the most significant changes
in the second sub period were gains mainly
in Forest, Urban and Mangroves, which
contributed to a net loss in Agriculture areas.

The major contributors to net loss in
Mangroves from 1993-2000 were their
conversions to Hydrophytic vegetation and
Water, which cancelled out small gains from
Forests, whereas, gains in the four classes:
Forests, Hydrophytic vegetation, Water, and
Urban areas, accounted for the net loss in
Mangroves in the period 2000-2010. On
the other hand, gains in all other classes
contributed to an overall net loss (1.86% of
the Region Costa Maya) in Tropical forest
from 1993-2000. However, the pattern
turned around to net gain from 2000-2010,
thanks primarily to losses in Mangroves and
Agriculture.
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Spatial trend of land-cover transitions

The Region Costa Maya is a socially
constructed environment and therefore
highly influenced by human activities. To
understand broader patterns of change and
identify land cover change “hot spots”, we
used Trend Surface Analysis tab within the
Land Change Modeler to map the transition
trends from natural vegetation (Tropical
forest, Mangrove and  Hydrophytic
vegetation) to human (Urban area and
Agriculture) land covers over the 17-year
study period. The resulting map (Fig.6),
which was created using a default 3% order
polynomial, depicts a simulated surface
that specifies the generalized locations of
transitions between selected categories,
from areas with no change denoted by Low,
to areas with marked change, represented
by High.
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FIG. 6. SPATIAL TREND OF LAND-COVER TRANSITIONS FROM NATURAL VEGETATION TO HUMAN LAND COVERS.

F1G. 6. TENDENCIA ESPACIAL DE LA TRANSICION DE COBERTURA NATURAL A COBERTURAS ARTIFICIALES.
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The map reveals a southwesterly tendency
of change on the mainland where the
most intense propensity for change from
natural vegetation to human land covers
is concentrated around the south-western
portion of Costa Maya, between Bacalar
Lake and Bahia de Chetumal (Chetumal
Bay) to the Mexico-Belize border. No-
change or persistence, depicted in green,
characterized the peninsula and the rest of
Costa Maya.

DISCUSSION
Accuracy assessment

Research results confirmed the value
of segmentation and object oriented
classification for mapping and characterizing
land cover change, integrating Landsat
images and ancillary data. The approach
achieved high classification accuracy
(94.29%), well above the recommended
target (> 85%), for satellite-derived land
cover maps (FOODY 2002) and a k value
(0.9141) which indicates excellent or
almost perfect agreement between the
map and reference data (MONSERUD
& LEEMANS 1992). These statistics
highlight the success of our remote sensing
procedures in accurately mapping the spatial
distribution of land covers in the Region
Costa Maya. Furthermore, the derived high
thematic accuracy (> 90%) resembles those
achieved in analogous studies (FROHN,
et al., 2009; CECCARELI et al., 2013).
Based on these considerations, the derived
maps were judged as fit for use in change
detection analysis.

Notwithstanding  the  abovementioned
results, some land-cover classes, namely
Urban/Agricultural areas with Forest
and Mangroves with Hydrophytic plants,
presented some mapping problems (Table
2). Urban and Agricultural areas had the
lowest omission errors (>0.2) and zero
commission errors. This suggests that these
errors were probably exaggerated due to the

Map and monitor land cover change

limited representativeness of test samples
in these classes, as has been reported in
similar studies (CECCARELI et al., 2013).
Secondly, mixed categories, like urban,
agricultural areas and forest are generally
more challenging to classify because their
class borders are drawn artificially and a
conflict between desired thematic classes
and their separation possibilities may exist
(FOODY 2002). No wonder these classes
suffered from greater commission errors.
Thirdly, the 2000 Landsat image was taken
in February, during the dry, non-growing
season, so some agricultural fields appeared
mostly as scrubland and were probably
misclassified as Forest. Whereas mangroves
and hydrophytic plants exist in similar wet
environments, and are often found adjacent
to each other, their spectral similarity makes
them appear somewhat similar in color on
the images, leading to confusion between
them (Table 2). All these confusions could
have been reduced and the overall accuracy
further improved had we carried out further
extensive field work, which unfortunately
was not logistically possible.

Characteristics of land cover trends

Change detection results show that
urbanization and four other opposite
processes, such as deforestation and
reforestation;  agricultural ~ expansion
and land abandonment were active in
the Region Costa Maya. Underpinning
deforestation from 1993 to 2000 was the
expansion of agricultural frontier (Figs .3
& 5), but when this expansion eventually
ended in the second period, forest recovery
(at the expense of agricultural areas and
mangroves) ensued, reflecting a classic
pattern of forest transition, which has
been reported to be very common in Latin
America (WILLAARTS et al., 2014) and
in southern Yucatan peninsula in particular
(TURNERI12010). Places experience forest
transitions when declines in forest cover
cease and recovery begins through forest
regrowth mediated by changing social,
economic and political factors (RUDEL et
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al., 2005). Forest transition in the Region
Costa Maya can be ascribed to the fact
that between 1993 and 2000 agriculture
was the principal economic activity along
with fishing, and government agricultural
policies in the form of subsidies, price
controls and prompt distribution of land
encouraged deforestation (GEOGHEGAN
et al., 2001; TURNER 1II 2010). However,
these policies were later discontinued with
the introduction of trade liberalization
and a new emphasis placed on tourism
(SCHMOOK & VANCE 2009; VANCE
& GEOGHEGAN 2002). Lack of public
investment in rural agriculture in favor of
tourism often motivated by conservation
rules favored forest recovery, leading to
ecosystem recovery (TURNER II 2010;
BRAY & KLEIPEIS 2005).

Even though land abandonment alleviates
demands placed on land resources and is
positive for environmental recovery, some
authors (SERRA, et al., 2008; IGNACIO-
DIAZ et al., 2011) have warned that it
might also have pernicious consequences,
such as a gradual decrease in landscape
diversity and complexity including an
increase of vulnerability to certain hazards
such as forest fires, floods, and droughts.
We speculated that the reported increased
incidents of forest fires in the region
might be linked to land abandonment.
Besides, land abandonment could also
have serious impacts on food security and
poor rural lively hood in the Region Costa
Maya; given that urbanization is rapidly
encroaching and consuming surrounding
agricultural areas. Also worrisome is the
continued destruction of Mangroves (Fig.
4) at nearly double (2.2%) that of the
Mexican national average, at an annual
mangrove deforestation rate of about 1.3%
(FAO, 2007), reflecting increased human
activities (construction of hotels, piers,
access roads and through cutting of lines
along property boundaries by owners)
and  hurricanes  (DIAZ-GALLEGOS
& ACOSTA-VELAZQUEZ 2009;
HIRALES-COTA et al., 2010).
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Trend surface analysis has revealed the
Costa Maya mainland proper, in the Bacalar
Lake - Hondo River basin, as a land cover
change “hotspot”, and not the peninsula
as we had expected (Fig. 6). This was
undoubtedly attracted by availability of
abundant fresh water, proximity to urban
areas and road networks. This result should
help the authorities to refocus their attention
on this particular area in order to correctly
manage these rapid changes.

Additionally, some of our change analysis
findings are comparable to the results of other
published studies that indirectly considered
the Costa Maya but used different data
sets and remote sensing techniques. For
instance, our annual tropical deforestation
rate of 0.68% for the period 1993-2000, is
consistent with 0.76% estimated by DIAZ-
GALLEGOS et al. (2010) for southern
Quintana Roo during 1976-2000, and with
0.6% calculated by GARCIA-RUBIO et
al. (2005) for three localities (Ejidos) near
Chetumal for the period, 1990-2000. These
studies give a further confirmation of the
reliability of the change rates we obtained
in this study.

CONCLUSIONS

The study has established a repeatable
and efficient image processing workflow
based on segmentation and object-based
classification for deriving very good and
accurate land cover thematic maps from
Landsat imagery. These maps are useful
in multiple change detection analyses for
successful environmental —management
and understanding. This study has
revealed urbanization, agricultural land
abandonment (forest transitions) and
clearance of mangrove forests to be the
principle reasons for land cover change
in the Region Costa Maya, fueled mainly
by political and socio-economic factors
associated with tourism development. From
the perspective of conservation planning and
management, it appears that the authorities



have lost total control of the protection of
mangrove forests. This is reflected in the
continued destruction of mangrove forests,
especially in Majahual along the Caribbean
coast, despite the fact that mangroves enjoy
both national and international protection.
Relevant authorities and stakeholders must
undertake regular environmental audits on
land cover change not only to continuously
monitor the conservation status of mangrove
forests, but to also ensure that tourism and
related infrastructure developments respect
existing approved development plans and
regulations. One quick and cost effective
way of achieving this is by applying the
methodology described in this article, taking
advantage of the freely available Landsat
archive or alternatively, commercial higher
resolution imagery.
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