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Abstract
Appraisals of ecological services require quantitative assessments for assigning 

value to specific contributions. Within ecosystems where resources are limited, 
such as the semi-arid Edwards Aquifer region of Texas, a quantified interpretation 
of ecological services change is necessary for effective resource management. The 
focus of this paper is the development of a supervised neuro-fuzzy sub-pixel 
classification method to create land cover and land use geographical information 
datasets. The method has been applied to the Sabinal River watershed, which is 
located centrally in the Texas counties of Bandera, Real and Uvalde. Through the 
use of digital elevation model (DEM) data files, an approximate boundary of the 
Sabinal River watershed was located. Landsat Thematic Mapper (TM) images of the 
watershed taken in winter and spring of 1999 and 2000, respectively, have been 
superimposed onto the delineated watershed. Select data from the extracted TM 
image subset have been coupled with corresponding ground-truth data in order to 
create an Adaptive Neuro-Fuzzy Inference System (ANFIS) model. After training 
of the FIS was accomplished, model validation through further ground-truth data 
comparison was done. Once a reasonable prediction model was developed, the 
corresponding feature maps were imported into a geographical information system 
(ArcView) for further analysis. 

ABSTRACT ResultsRESULTS

Area of Study
The Sabinal River originates from fissure springs that are located in the 

northwestern portion of Bandera county.  The river traverses 60-miles from 
the Lost Maples State Natural Area to its junction with the Frio River.  Of
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Methodology
In order to delineate the Sabinal River watershed, elevati on data in the form of 30-meter digital elevation model (DEM) files were obtained 

from the Texas Natural Resource Information System (TNRIS).  The hydrology extension in ArcGIS was used to fill sinks, determine flow 
direction, calculate flow accumulation, and identify sub-watersheds, based on the DEM files.  Figure 1 presents the delineated Sabinal River 
watershed.

Land cover classification was accomplished through the use of Matlab.  Sections of MRLC data were coupled with corresponding Landsat 7 
ETM+ bands.  Training data were chosen from within the same image set but not from within the delineated watershed.  Only image bands 3 
and 4 were used due to the high correlation among the other band combinations.  A 3x3 window was passed over each pixel to incorporate 
adjacent pixel effects.  An averaged pixel dataset is produced for each training and test band.

The genfis2 subtractive clustering algorithm in the Matlab Fuzzy Logic Toolbox was used to create a set of fuzzy rules.  W hen the genfis2 
algorithm was applied to the training dataset, 7 fuzzy rules wer e produced.  Adaptive Neuro-Fuzzy Inference System (ANFIS) was then used to 
optimize the fuzzy rule set.  Once a final fuzzy inference syste m (FIS) was created, the image data within the watershed boundar y were 
evaluated.  After the classified dataset was produced, it was imported into ArcGIS for validation against the existing MRLC dataset for the 
watershed.  Validation was accomplished by differencing the original MRLC dataset and the classified dataset that resulted from the FIS.  Figure 
2 presents a flowchart of the neuro-fuzzy land cover classification method.

METHODOLOGY

Land Cover Assessment

Figure 3 presents the actual USGS MRLC classified data for the Sabinal River watershed.  Figures 4 and 5 present the results of the ANFIS 
classification.  Tables 1 and 2 provide a quantitative assessmen t of the ANFIS classification accuracy for the December 14, 1999 and April 4, 
2000 Landsat datasets, respectively.  Given is each estimated cl assification category and its corresponding number of values in the actual MRLC 
dataset. A percent correct value is given for both datasets.

CLASSIFICATION ASSESSMENT

Conclusions
This work continues to be an ongoing project.  While the presented land 

cover classification method did not demonstrate an acceptable overall 
accuracy (85% or greater), it did show promise with respect to certain classes 
of land cover.  Forest, shrubland, and grassland were most often correctly 
classified in both images.  

Possible accuracy limitations could have been caused by unrepresentative 
sets of training data.  While each input dataset is weighted equally to train the 
FIS, dominance of a particular land cover class can still exist, particularly 
when certain land cover features are very small in frequency.  There are 
several benefits to this method, including speed and the ability to characterize 
non-linear relationships that may exist between mixed pixels.  Based on the 
findings of this work, the method will continue to be investigated.
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primary interest is its flow path intersection 
with the Edwards Aquifer.  The Sabinal 
River watershed is one of the major sources 
of groundwater for the Edwards Aquifer.  As 
the river flows through the region, it sinks in 
many areas to flow underground, only to rise 
again downstream.  The unique karstic
properties of the Edwards Aquifer cause groundwater recharge rat es in the 
region to be very high.  Soils in this region are predominantly sandy and clay 
loam.  Precipitation for the Sabinal River watershed region is on average 29-
inches/year.  Dominant vegetation includes live oak, Ashe juniper and 
mesquite.  A recent study by the Texas Water Resources Institute (TWRI) 
estimated dominant land cover within the Sabinal River watershed.  Table 1 
presents the TWRI findings.

<1Other (water, urban, etc.)

1Cropland

1Open Range & Pastureland

16Light Brush (no oak)

22Oak

60Heavy & Moderate Brush (no oak)

PercentageLand Cover Type

Table 1. TWRI Sabinal River Land Cover Estimates.
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Table 2. Accuracy assessment for December 14, 1999 image.

Table 3. Accuracy assessment for April 4, 2000 image.
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Figure 2. Land cover classification flowchart.

Four Landsat 7 Enhanced Thematic Mapper Plus (ETM+) images
were obtained to evaluate the land cover present in the region. The image 
dates were December 14, 1999 and April 4, 2000.  The Sabinal River 
watershed is included in Row 28 Path 39 and Row 28 Path 40 of Landsat 
7’s field of view, therefore two images were needed for each per iod of 
time.  To develop a basis for actual ground cover, multi -resolution land 
cover (MRLC) data for the State of Texas were obtained from the United 
States Geological Survey (USGS).

Classified Dataset

Figure 1. Counties of the 
Edwards Aquifer region 
and the delineated Sabinal 
River watershed.

Figure 3. Actual USGS MRLC dataset for the 
Sabinal River watershed.  Training data were 
obtained from adjacent watershed.

Figure 4. Classified dataset for the December 14, 
1999 Landsat image.

Figure 5. Classified dataset for the April 4, 2000 
Landsat image.

Digital Elevation Model – USGS/TNRIS

Landsat 7 ETM+ Spectral Band 3 – TNRIS

Landsat 7 ETM+ Spectral Band 4 – TNRIS
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