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Abstract

The Lower Rio Grande Valley in the south of Texas is experiencing rapid increase of population to bring up urban growth that continues
influencing on the irrigation districts in the region. This study evaluated the Landsat satellite multi-spectral imagery to provide information
for GIS-based urbanization analysis in irrigation districts. Three image scenes of ETM+ (2003) and TM (1993) multi-spectral image data
were used to cover the Hidalgo, Cameron, and Willacy Counties in the Lower Rio Grande Valley. The images were classified in terms of
land cover land use categories, and the classified data were overlaid on GIS layout to visualize urbanization in irrigation districts. The
accuracy assessment of the image classifications at county level indicated that the overall accuracies were over 75%. For the most concerned
classes, irrigated land and urban, all the producer’s and user’s accuracies in 1993 were over 80%, and all the accuracies in 2003 were over
70%. Based on the image classifications, the land cover land use changes over the ten years in the three counties were estimated. On average,
over the ten years, in the three counties, the urbanization increased drastically at 46% while the irrigation land decreased moderately at 7.6%.
Specifically in Hidalgo County the urbanization increased 59.7% and irrigated land decreased 10.2%, in Cameron County the urbanization
increased 52.8% and irrigated land decreased 6.7%, and in Willacy County the urbanization increased 25.7% and the irrigated land decreased
5.9%. Therefore, in overall, with the increase of urbanization the irrigated land decreases in the region. The urbanization information in the
five most urbanized irrigation districts within the region was derived from the county-level image classifications. The information will be
helpful for more detailed study to reveal the conflicts between urbanization and irrigation network development.
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INTRODUCTION

Irrigation is critical to agriculture in the United States. In
the past twenty years urbanization in irrigated areas has
become one of the major challenges for irrigation districts to
develop agricultural production. With rapid social and
economic development, the water resource for agriculture is
more and more shared by municipal, industrial, and
environmental needs in expanded urban areas. Information of
urbanization in irrigated areas is needed to create schemes for
irrigation districts to balance water demands among
alternative uses.

The Lower Rio Grande Valley (LRGV) in the south of
Texas is traditionally a farming region with a subtropical
climate and the Rio Grande River bordering United States and
Mexico. The population in this region has increased
significantly in the past two decades with an actual growth
about 40 percent from 1990 to 2000, an estimated growth of
36 percent from 2000 to 2010, and a predicted growth of over
30 percent in the next decade (DISC, 2002). With the trend of
population increase the LRGV becomes one of the regions
with most rapid urbanization in the nation, which has been
changing land cover and land use (LCLU) dramatically in this
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region such that the layout of irrigation districts and water
distribution networks has been changing by expansion of
urban areas and the irrigation water supply has been reducing
by more and more urban use with limited water sources. In
order to sustainably develop agriculture in this region,
researchers, engineers, and irrigation districts are working
together for improving irrigation efficiency and water
conservation in the region. To derive urbanization
information in the irrigated areas it is necessary to assess
historical LCLU changes within the region. With the
urbanization analysis irrigation districts will be able to design
and implement schemes to be adaptive to rapid urbanization
in the areas.

To evaluate the extent of human influence at the
landscape level within the LRGV region, it is necessary to
quantify LCLU changes in the region. To understand the
effects of LCLU changes on different ecological parameters,
modeling software packages could be developed to simulate
hydrologic and other environmental conditions. A
geographical information system (GIS) modeling tool for
predicting the impacts of land management practices on
water, sediment, and chemical yields has been developed by
integration of ArcView (Redlands, California, USA) and Soil
and Water Assessment Tool (SWAT) (USDA-ARS, Temple,
Texas, USA) (Neitsch et al., 2002; Di Luzio et al., 2002).
However, the use of this package needs large areal input data
sets in a designated format. Aerial photos could be worked on
directly to characterize land cover change. However, this
method is laborious and imprecise (Hill et al., 2003).

Remotely sensed data from satellites can provide an
alternative source of information on LCLU over large areas
(Jensen et al., 2001; Maingi and March, 2001; Zhang et al.
2002). The analysis of the satellite data relies on the
classification of the remotely sensed imagery into discrete
classes of LCLU (Gong and Howarth, 1992; McDermid et al.,
2005; Yuan et al., 2005; Styers et al., 2010). Satellite imagery
are available for regional LCLU mapping from different
platforms with moderate resolutions, such as ASTER from
Japan (15 m spatial resolution for visible and near infrared
(VNIR) wavebands), IRS from India (23 m spatial resolution
for VNIR wavebands), and Landsat from United States (30 m
spatial resolution for VNIR wavebands). Considering the
available data, the mapping of the LCLU changes in the
LRGV region for urbanization analysis in irrigation districts
should be possible with high accuracy potential. This study
was to classify the Landsat satellite (NASA, Washington, DC,
USA and USGS, Reston, VA, USA) imagery over the LRGV
region into discrete classes of LCLU and then overlaid the
classified results on GIS layers to provide mapping of
urbanization in irrigation districts. In this study the extent of
urbanization within the irrigated areas in the LRGV region
resulted from LCLU changes over time was of primary

interest. The results from this study will help guide and
prioritize future modeling initiatives to investigate the effects
of urbanization within the LRGV region.

The focus of this study is to classify, quantify, and assess
historical land cover changes and the extent of urbanization in
the LRGV of Texas between 1993 and 2003. The specific
objectives of this research include:

1. Develop and evaluate a method to classify remotely-
sensed Landsat satellite imagery to determine LCLU
changes within the LRGV region between 1993 and
2003;

2. Conduct GIS-based data analysis of urbanization in
irrigation districts within the region based on the Landsat
satellite image LCLU classification.

MATERIAL AND METHODS

Study Area

The LRGV is a five-county area (Hidalgo, Cameron,
Willacy, Starr and Maverick) located at the southern tip of
Texas along the Mexican border. For urbanization study the
area covering the first three counties is interested as shown in
Fig. 1. In this area there are more than thirty irrigation
districts. Some of the districts are close to urban areas, and
strongly influenced by urbanization in the adjacent areas.

Landsat Satellite Imagery

Landsat satellites have been collecting images of the
Earth's surface for more than thirty years. NASA (National
Aeronautics and Space Administration) launched the first
Landsat satellite in 1972, and the most recent one, Landsat 7,
in 1999. Currently, only the Landsat 5 and 7 are still
operating normally. Landsat 7 carries the Enhanced Thematic
Mapper Plus (ETM+) sensor with 30m visible and IR
(InfraRed) bands, a 60m spatial resolution thermal band, and
a 15m panchromatic band. The Thematic Mapper (TM)
sensors onboard Landsats 4 and 5 included 30m visible and
IR bands, several additional bands in the shortwave infrared
(SWIR), and an spatial resolution of 120m for the thermal-IR
band.

On May 31, 2003, unusual artifacts began to appear in the
image data collected by the ETM+ instrument onboard
Landsat 7. The problem was caused by failure of the Scan
Line Corrector (SLC), which compensates for the forward
motion of the satellite. This caused a problem in using ETM+
image data after May 31, 2003. Therefore, in this study the
ETM+ image data in early 2003 has been collected to
represent the land cover in the 2000s. Correspondingly, the
TM image data in 1993 has been collected to represent the
land cover in the 1990s.
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Figure 1 GIS map of the interested area in Lower Rio Grande Valley of Texas.

Image Description

To study the urbanization over the LRGV region,
Landsat satellite imagery was used as the data source for
estimating LCLU changes in the ten years between 1993
and 2003. During the ten years, the region had experienced
a transition from non-drought (1990s) to drought (2000s)
periods.

Fig. 2 shows the Landsat satellite footprints over
Texas. To cover the interested area in the LRGV, three
image scenes are needed. The scene of path 26, row 42
covers the Cameron, Willacy, and eastern Hidalgo
Counties. The scene of path 27, row 41 covers north

Hidalgo County. The scene of path 27, row 42 covers south
Hidalgo County, the most urbanized area in the valley.

The Landsat ETM+ and TM multi-spectral image data were
purchased from USGS (United States Geological Survey)
through the TexasView Remote Sensing Consortium (Austin,
TX, USA), an AmericaView member consortium representing
Texas. Figure 3 shows the coverage of the ETM+ images in
2003. The TM images in 1993 have the same coverage. The
ETM+ and TM images from the consortium were terrain
corrected (similar to orthorectification). They can be directly
used for classification and are reliable for GIS analysis.
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Figure 2 Landsat footprints over Texas

Figure 3 Three ETM+ 2003 image scenes covering the Hidalgo, Cameron, and Willacy Counties in the Lower Rio Grande Valley
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Image Processing and Classification

ERDAS Imagine (Leica Geosystems Geospatial Imaging,
Atlanta, GA, USA) was used for image processing and
classification. The classifications were conducted by
separating the images into urban and rural pieces because
accurate classification within and around urban areas were
difficult. Some zones in urban pieces with unknown classes
were further separated into sub pieces to determine the classes
in the micro scale. The urban boundaries were determined by
the up-to-date geo-referenced 2003 TxDOT (Texas
Department of Transportation) shapefiles
(http://www.tnris.org) by assuming that the urban areas
expanded from 1993 to 2003. The geo-referenced, 1-meter
resolution DOQQ (Digital Orthophotoquads) aerial
photography were downloaded from TNRIS (Texas Natural
Resources Information System) (http://www.tnris.org) and
used to further identify the less discernable classes. In the
process of classification ArcGIS (ESRI, Redlands, CA, USA)
was used interactively with ERDAS to assemble the
separately classified image pieces and reclassify them as a
whole. Specifically, the tasks in the classification process
were conducted as follows sequentially:
1. Convert the image data in visible and IR bands from the
original NLAP format to the IMG format compatible to
the ERDAS software;
Clip the image pieces covering the Hidalgo, Cameron,
and Willacy Counties from the original images using
ERDAS AQI Tool with GIS shapefiles;
Perform ISODATA unsupervised classification on all the
clipped image pieces with 50 clusters (more clusters
translates to more accuracy but also causes more
computing time and post-processing work);
Categorize the clusters into five land cover classes:
water, barren land, irrigated land, vegetated land, and
urban. These classes were adapted from the USGS’
Anderson classification system (Anderson et al., 1976).
For the zones with unknown classes, the image pieces are
further clipped into sub pieces to identify the less
discernable classes with the help of DOQQ files;
Convert the classified image pieces into GRID format;
Reclassify the classified image piece grids with Spatial
Analyst in ArcGIS;
Merge the reclassified image pieces to produce complete
maps for the three counties;
Perform GIS analysis in the scale of irrigation districts
and even smaller areas by deriving from the classification
at county level.

o

The accuracy of the image classification was assessed
based on error matrices (Congalton and Green, 1999) for each
classified image, which were generated by comparing the

31

classified classes with the actual classes at the ground points.
100 points were randomly sampled for each LCLU class
category per county per year on the DOQQ images as ground
verification points. The downloaded DOQQ files were image
quarter quads. These quarter quads were mosaiced to cover
each county area. In accuracy assessment, overall accuracy,
producer’s accuracy, user’s accuracy, and kappa coefficients
were calculated based on the error matrices and kappa
analysis was also performed to test if each classification was
significantly better than a random classification and if any
two classifications were significantly different.

RESULTS

The Landsat 2003 ETM+ and 1993 TM images were
classified to quantify the LCLU in the interested area of the
LRGV region. Fig. 4, Fig. 5, and Fig. 6 show the
classification maps of the LCLU in Hidalgo, Cameron, and
Willacy Counties, respectively, in 2003 (overlaid 1993 urban
classification showing the urban expansion in the ten years).

I 2003 inigated Land
I 2003 Urban
[ 2003 vegetated Land

I =003 water

Figure 4 GIS map of 2003 land cover and land use classification in Hidalgo
County
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Figure 5 GIS map of 2003 land cover and land use classification in Cameron County

[ ] 1003 usban

I 2003 Water

[ 2003 Barren Land
I 2003 Irrigated Land
[ 2003 Vegetated Land
I 2003 Urban

Figure 6 GIS map of 2003 land cover and land use classification in Willacy County
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Table 1 summarizes the results of accuracy assessment
for the classification images in 1993 and 2003 to cover
Hidalgo, Cameron and Willacy counties. For all image
classification the overall accuracies were over 75%. For the
most concerned classes, irrigated land and urban, all the

producer’s and user’s accuracies in 1993 were over 80%, and
all the accuracies in 2003 were over 70%. Kappa data
comparison indicated that all the classifications were
significantly better than a random classification and that 1993
classifier performed better than the 2003 one.

Table 1 Accuracy assessment results of Landsat 1993 and 2003 image classification.

Year  County Overall Overall ;
Accuracy Kappa Water Barren Land Irlr_lg;\;(jed Vegzaaéed Urban
(%)
PA UA PA UA PA UA PA UA PA UA
(%) | () | (%) | (%) | (%) | (%) | (%) | (%) | (%) | (%)
1993 Hidalgo 89.8 0.873 97.9 93.0 | 936 | 88.0 | 833 | 83.0 | 81.0 | 98.0 | 90.6 87.0
Cameron 89.0 0.863 99.0 99.0 | 96.3 | 78.0 | 816 | 93.0 | 76.3 | 87.0 | 96.7 88.0
Willacy  86.6 0.833 99.0 97.0 | 89.6 | 60.0 | 821 | 96.0 | 715 | 93.0 | 98.9 87.0
2003 Hidalgo 77.4 0.718 100.0 | 62.0 | 89.7 | 70.0 | 874 | 76.0 | 544 | 980 | 87.1 81.0
Cameron 82.4 0.780 96.8 90.0 | 88.6 | 70.0 | 916 | 87.0 | 61.0 | 94.0 | 89.9 71.0
Willacy 824 0.780 100.0 | 71.0 | 67.1 | 49.0 | 969 | 93.0 | 623 | 99.0 | 99.0 | 100.0

PA — producer’s accuracy; UA — user’s accuracy

Based on image classification, the LCLU changes were
estimated in a ten-year interval from 1993 to 2003 in the
Hidalgo, Cameron, and Willacy Counties, respectively, in the
LRGV of Texas (Tables 2, 3, and 4). Based on the estimation,
over the ten years, Hidalgo County had a significant
urbanization increase of 59.7%, but the county had a
moderate decrease of irrigated land at 10.2%. Similarly,

Cameron County had a significant urbanization increase of
52.8% but a moderate decrease of irrigated land at 6.7% in
ten years. Willacy County also had an increase of
urbanization at 25.7% while the irrigated land decreased
5.9%. Therefore, the three counties, on the average, had a
drastic urbanization increase of 46% and a moderate irrigated
land decrease of 7.6%.

Table 2 Land cover land use change estimation in Hidalgo County

Land Cover Category 1993 Area (km2) 2003 Area (km2) Net Change (%)
Water 71.62 57.34 -19.89

Barren Land 1149.23 1254.27 9.14
Irrigated Land 2155.08 1934.24 -10.25
Vegetated Land 550.94 571.93 3.8

Urban 182.75 291.83 59.69

Table 3 Land cover land use change estimation in Cameron County

Land Cover Category 1993 Area (km2) 2003 Area (km2) Net Change (%)
Water 547.06 562.68 2.85
Barren Land 894.92 881.09 -1.55
Irrigated Land 1118.27 1043.11 -6.72
Vegetated Land 337.55 343.20 1.67
Urban 130.00 198.63 52.80

Table 4 Land cover land use change estimation in Willacy County
Land Cover Category 1993 Area (km2) 2003 Area (km2) Net Change (%)
Water 208.18 309.86 48.84
Barren Land 901.24 767.28 -14.86
Irrigated Land 432.28 406.53 -5.96
Vegetated Land 352.77 407.38 15.48
Urban 13.64 17.15 25.68
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The image analysis was scaled down to derive the impact
of urbanization to the irrigation districts, Tables 5, 6, 7, 8, and
9 are the estimation results of the LCLU cover changes over  lands consistently decreased with the
the ten years in the United, Edinburg, McAllen 3, San Juan,  urbanization.
and Harlingen Irrigation Districts within the three-county

Table 5 Land cover land use change estimation in United Irrigation District

increase

Land Cover Category 1993 Area (km2) 2003 Area (km2) Net Change (%)
Water 0.77 0.84 9.23
Barren Land 2.24 3.59 60.43
Irrigated Land 123.47 107.31 -13.10
Vegetated Land 3.98 5.96 49.75
Urban 23.33 36.08 54.65

Table 6 Land cover land use change estimation in Edinburg Irrigation District

Land Cover Category 1993 Area (km2) 2003 Area (km2) Net Change (%)
Water 1.01 1.11 10.38
Barren Land 2.56 2.22 -4.68
Irrigated Land 116.78 92.83 -20.52
Vegetated Land 5.97 8.05 34.74
Urban 31.16 53.05 70.26

Table 7 Land cover land use change estimation in McAllen 3 Irrigation District

Land Cover Category 1993 Area (km2) 2003 Area (km2) Net Change (%)
Water 0.14 0.14 -1.96
Barren Land 0.71 0.43 -38.85
Irrigated Land 19.47 15.34 -21.20
Vegetated Land 0.98 1.59 62.56
Urban 16.34 20.13 23.20

Table 8 Land cover land use change estimation in San Juan Irrigation District

Land Cover Category 1993 Area (km2) 2003 Area (km2) Net Change (%)
Water 217 2.22 2.28
Barren Land 5.28 3.65 -30.88
Irrigated Land 232.79 200.47 -13.89
Vegetated Land 8.21 12.46 51.84
Urban 46.76 76.40 63.39

Table 9 Land cover land use change estimation in Harlingen Irrigation District

Land Cover Category 1993 Area (km2) 2003 Area (km2) Net Change (%)
Water 177 2.30 30.05
Barren Land 14.47 15.88 9.71
Irrigated Land 156.45 138.42 -11.52
Vegetated Land 23.38 21.04 -10.01
Urban 33.95 52.38 54.28

region. These districts are the most urbanized in the valley.
The estimation indicates that in these districts the irrigated

of
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Fig. 7, Fig. 8, Fig. 9, Fig. 10, and Fig. 11 show the derived
image classification maps of the LCLU in the five above-
mentioned irrigation districts in 2003 (overlaid 1993 urban
classification showing the urban expansion in the ten years).
The derivations were based on the image classification at
county level.

Legend
—— Inigation Network

[ 11993 urban
I 2003 water

[ 2003 Barren Land
I 2003 inigated Land
[ 2003 Vegetated Land

I 2003 Urban

Figure 7 GIS map of derived 2003 land cover and land use classification in
United Irrigation District

Legend
—— Inigation Network

[] 1998 urban
I 2005 water

[ 2003 Barren Land
I 2005 irigated Land
7] 2003 Vegetated Land

I 2003 Urban

Figure 8 GIS map of derived 2003 land cover and land use classification in
Edinburg Irrigation District
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Legend
— Imigation Network

[ 1993 Urban
I 2005 water

[ 2003 Barren Land
I 2005 irigated Land
[ 2003 Vegetated Land

I 2005 Urban

Figure 9 GIS map of derived 2003 land cover and land use classification in

McAllen 3 Irrigation District

— Imigation Network

[ 2003 Barren Land
I 2003 irrigated Land
[0 2003 Vegstated Land

Figure 10 GIS map of derived 2003 land cover and land use classification in

San Juan Irrigation District
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Legend
Irrigation Network

11993 Urban
I 2003 water

[ 2003 Barren Land
I 2005 iigated Land
[ 2003 Vegetated Land

I 2003 Urban

Figure 11 GIS map of derived 2003 land cover and land use classification in
Harlingen Irrigation District.

CONCLUSION

This study classified, quantified, and assessed historical
LCLU changes and the extent of urbanization in the LRGV of
Texas over the ten years between 1993 and 2003 using
Landsat satellite imagery. An interactive method between
ERDAS and ArcGIS has been developed and evaluated for
image classification, and this method attained over 75%
overall accuracies for all image classifications at county level.
Specifically, for the categories, irrigated land and urban, the
producer’s and user’s accuracies in 1993 were over 80%, and
the accuracies in 2003 were over 70%. Based on image
classifications, the LCLU changes over the ten years in the
Hidalgo, Cameron, and Willacy Counties were estimated,
respectively. The estimation indicated that on the average the
three counties had a 46% significant urban expansion and a
7.6% irrigated land shrinking in that ten years decrease of
7.6%, and concluded that, in overall, with the increase of
urbanization the irrigated land decreases in the region, and
this trend will sustain in the next few decades with
urbanization. This study provides a method and will help
guide and prioritize future modeling initiatives to investigate
the effects of urbanization within the LRGV region and other
similar regions.
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