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Land Cover Changes in Central Sonora, Mexico
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Abstract.— Remote sensing techniques have been demonstrated to be
very effective tools to help detect, analyze, and evaluate land cover
changes in natural areas of the world. Changes in land cover can
generally be attributed to either natural or anthropogenic forces.
Multitemporal satellite imagery and airborne videography were used
to detect, analyze, and evaluate land cover changes in the central region
of the Mexican State of Sonora. Observed land cover changes were
analyzed in terms of the productive activity most likely responsible.
The ecological consequences for the different impact intensity, area and
percent of change are also discussed. Landsat MSS images were classi-
fied into five different land cover/land use categories for two time
periods (1973 and 1992) and validated using airborne video imagery
and fieldwork. About 85% of the entire land cover in the study area
changed during that period of time. The Sinaloan thornscrub biotic
community class had the highest rate of change; more than 28% of the
original class evolved into other biotic categories.

The relationship between the land cover change with climatic pat-
terns over the period of time considered is described. Future scenarios
for watershed management in the region are analyzed.

Introduction

The term Land Cover relates to the type of feature
present on the surface of the earth, including vegetation
and nonvegetation features. The term Land Use relates to
the human activity associated with a specific part of land
and usually emphasizes the functional role of that land for
economic activities (Lillesand, 1987; Campbell, 1987).
Changes occurring in land cover and land use can gener-
ally be attributed to either natural or anthropogenic forces.
Natural changes relate to both seasonal and annual varia-
tions in climatic conditions and are often reflected by
variations in natural land cover; natural changes can also
be related to fire. Changes resulting from anthropogenic
forces are the result of human modification of the environ-
ment (Pilon et al., 1988). Geographic information systems
(GIS) and remote sensing techniques are powerful tools in
the analysis of temporal changes inland cover or land use,
because spatial information from two or more time inter-
vals canbe compared more readily than by non computer-
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based methods. Since the earliest Landsat imagery ap-
peared in 1972, paired images from subsequent dates have
been used to detectland cover and land use changes in the
landscape (Iverson and Risser, 1987).

In the study area, both the nature and intensity of land
use patterns are changing. Agricultural activities and hu-
man populationhave increased inrecent years. This growth
suggests that the demand for urbanand agricultural water
will continue to expand. The exploitation of the under-
ground water table and the expansion of agricultural
activities in this region present a serious threat to the
wildlife and vegetation dependent on the soil and water
resources.

Abetter understanding of the historical land use change
should provide additional knowledge of the conditions of
the region. Therefore, the principal objective of this study
was to estimate the land cover and land use changes that
occurred in an area located in central Sonorabetween 1973
and 1992 using remote sensing and GIS techniques.

Methods

The study area is located in the central part of Sonora,
Mexico, between North latitudes 28°00' 00" and 29°30' 00",
and West longitudes 109°30' 00" and 112°00' 00" (figure 1).

Change detection in land use class areas was deter-
mined using Landsat MSS data processed with the remote
sensing program ERDAS version8.3.1 produced by Erdas,
Inc., and the ArcView program version 3.1 developed by
ESRI. The scenes used in this study were acquired from the
North America Landscape Characterization (NALC)
project through the EROS Data Center of the U.S. Geologi-
cal Survey in Sioux Falls, SD. The scenes are from April
1973 and May 1992. The subsets defining the 1973 and
1992 study areas were extracted from the original scenes
using ERDAS and the satellite imagery processing equip-
ment available at the Remote Sensing Center, Office of
Arid Lands Studies, University of Arizona.

The satellite imagery were atmospherically corrected
and geographically registered before the classification
process. By performing an unsupervised classification,
five different land cover classes were determined accord-
ing to the Brown and Lowe (1994) standard. The criteria
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Figure 1. Location of the study area.

used to distinguish these land cover classes were based
principally on feature reflectance values, topography, the
association to other features on the image (i.e., a straight
border on irrigated croplands), and video frames taken
from flights over the study area.

Change analysis by image differencing (Jensen, 1986;
Campbell, 1987; Singh, 1989) was used to detect land cover
and land use differences between 1973 and 1992 (table 1).
The subtraction process results in positive and negative
values for pixels with reflectance value change and zero
values for pixels withno change. In this study, subtracting
the 1973 classification image from the 1992 classification
image produced change detection values.

Results and Discussion

The classification categories identified in the 1973 and
1992 images were Madrean evergreen woodland, Sinaloan
thornscrub, Plains of Sonora subdivision (Sonoran
desertscrub), water bodies (dams and reservoirs), and
farmland. The application of the image differencing tech-
nique to the two images shows that more than 85 % of the
area changed classifications during that time. Madrean
evergreen woodland, agricultural areas and Sonoran
desertscrub decreased 28%, 24.3% and 31.4%, respec-
tively. Water bodies and Sinaloan thornscrub classes in-
creased by 13% and 25.0% respectively. Among the five
classes analyzed in this study, Sonoran desertscrub was
the least stable class, while agricultural areas comprised
the most stable class.

Because desert vegetation is soon modified by climatic
changes and considering that precipitation in the study
area is the only factor of the environment which can cause
a rapid change on vegetation (Cloudsley, 1977), it is pre-
sumed that most of the changes were due to natural
causes. About 24% of the area changed as a result of direct
human activities such as agriculture. These anthropogenic
changes occurred as a result of Mexican government poli-
cies to generate jobs and improve the regional economy by
financing clearing of natural areas for grazing pastures
and farmlands (SARH, 1989).

However, this does not mean that all natural vegetation
classes can be converted into croplands, since some areas
are unsuitable for agricultural exploitation given their
steepness, salinity, soil texture, or scarcity of watersources
for crops irrigation. Although the anthropogenic changes
obtained in this study do not represent a significant per-
cent in terms of area, they are important in terms of
environmental impact because they have generated a con-
siderable number of ecological problems. The problems
include: depletion of the groundwater table; disappear-
ance of former perennial water bodies and streams that

Table 1. Comparison of area and percentage occupied by different classes on 1973
and 1992 images and percentage of change between those years.
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TYPE 1973 year 1992 year Percentage Change
OF between
FEATURE Hectares | Percentage | Hectares [Percentage 1972 - 1992
Water 6633 0.3 1641.8 0.3 13.3
Woodland [773879.48 34.3 556880.4 247 -28.0
Thornscrub | 1048572.4 46.5 1397354.8 02.0 25.0
Croplands 19378.8 0.9 1466714 0.6 -24.0
Desertscrub | 408085.2 18.0 280104.5 124 -31.4

TOTAL: 2256648.8  100.0  2256648.8  100.0
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were sources of water and habitat for wildlife and plant
species; reduction of the wildlife populationspecies; modi-
fication and suppression of natural habitats and ecosys-
tems; ecosystems pollution by extensive and intensive use
of agrochemicals; and dispersionand introduction of weeds
and non-native species into natural adjacent ecosystems.

In comparison to other life zones, the desert more
readily displays ephemeral, highly variable land cover
changes that may not be significant over longer time
periods. An isolated rainfall event, for instance, may in-
duceashort-lived, dramatic vegetation response that does
not reflect a permanent land cover change. In environ-
ments like the study area, it is thus important to examine
the changes that have occurred over longer time spans.
The two dates of this study were chosen to make the
substantial and lasting land cover changes of the interven-
ing years evident.

In addition, extreme changes in precipitation patterns
insome years could affect the vegetation land cover classes,
resulting in spectral differences between two images that
could be interpreted as a permanent land cover change.

Change detection error can thus result if the source
imagery captures the response to either a short-lived,
isolated climatic event or a more sustained, anomalously
pronounced one. Therefore, it is recommended that change
detection studies be made at many frequent time intervals
(i.e., every five years). This will permit the creation of
simulation models of the change processes, which will
lead to a better understanding of how different factors
interact to cause land cover class modifications.

Acknowledgments

The authors wish to thank Jessicca Walker, Office of
Arid Lands Studies, University of Arizona, and Barbara
Eiswerth, Office of Arid Lands Studies, University of
Arizona, for their comprehensive technical reviews of this

paper.

USDA Forest Service Proceedings RMRS-P-13. 2000

Literature Cited

Brown, David E.: Lowe Charles H. (1994). A supplemen-
tary map to Biotic Communities: Southwestern United
States and Northwestern Mexico, edited by D.E. Brown.
University of Utah Press. Salt Lake City.

Campbell, James B. 1987. Introduction to Remote Sensing.
The Guilford Press. New York. 551 p.

Cloudsley-Thompson, J.L. 1977. Man and the Biology of
Arid Zones. University Park Press. Baltimore, MD. 182 p.

Erdas, Inc. 1991. Erdas Field Guide, ver. 7.5. Erdas, Inc.
Atlanta, US.A. pp. 105-141

Iverson, L.R.; Risser, P.G. 1987. Analyzing long-term
changesin vegetation with geographicinformation and
remotely sensed data. Adv. Space Res. 7(11):183-194.

Jensen, J.R.1986. Introductory Digital Image Processing. A
Remote Sensing Perspective. Prentice-Hall. New Jer-
sey. 379 p.

Lillesand, Thomas M.; Kiefer,Ralph W. 1987.Remote Sens-
ing and Image Interpretation. John Wiley & Sons, Inc.
New York. 721 p.

Pilon, P.G.; Howarth, P.].; Bullock R.A. 1988. An enhanced
classification approach to change detection in semiarid
environments. Photogrammetric Engineering and Re-
mote Sensing 50(12):1709-1716.

SARH. 1989. Diagnéstico y Alternativas de Solucién para
el Programa de Modernizacién del Campo. de
Agricultura y Recursos Hidrdulicos. Delegacion Estatal
en Sonora. Distrito de Desarrollo Rural 139. Sonoyta,
Sonora. México. 26 p.

SARH. 1994. Datos sobre Precipitacién y Temperatura de
la Estacién Climatoldgica Sonoyta, Municipio Elias
Calles, Sonora. Secretarfa de Agricultura y Recursos
Hidréulicos. Dir. Gral. de Estudios. Subdir de
Hidrologfa. Programa de Planeacién. Divisién
Hidrométrica de Sonora.

Singh, A. 1989. Digital change detection techniques using
remotely-sensed data. International Journal of Remote
Sensing 10(6):989-1003.

351



