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Mapping Land Use/Land Cover in the Ambos Nogales Study Area 

By Laura M. Norman and Cynthia S.A. Wallace 

Abstract 

The Ambos Nogales watershed, which surrounds the twin cities of Nogales, Arizona, 

United States and Nogales, Sonora, Mexico, has a history of problems related to flooding. 

This paper describes the process of creating a high-resolution, binational land-cover 

dataset to be used in modeling the Ambos Nogales watershed. The Automated Geospatial 

Watershed Assessment tool will be used to model the Ambos Nogales watershed to 

identify focal points for planning efforts and to anticipate ramifications of implementing 

detention reservoirs at certain watershed planes.  

Introduction 

Watersheds located along the Arizona-Sonora border of the United States and Mexico 

are especially susceptible to flooding and erosion during the summer monsoon season. 

Soils in this semi arid region typically have high caliche content (hard deposit of calcium 

carbonate), making them relatively impermeable and leading to enhanced runoff and 

increased risk of flash floods and debris flows. Homes, livelihoods, and even lives are 

threatened by these hazards. In Ambos Nogales (fig. 1), landslides and erosion of roads 

and hillslopes threaten surface water quality, contaminating streams with sediments and 

included toxins. Sewers in Nogales, Sonora, are not equipped to handle some loads and 

have caused fecal contamination of ground-water supplies in times of flood. In the face of 

climate change and imminent urban growth, scientists can offer prediction scenarios of 

what might happen during extreme events.  
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In order to determine the effects of flooding scenarios and urban growth for future 

planning, a model will be applied. The Kinematic Runoff and Erosion (KINEROS2) 

Model was developed by the U.S. Department of Agriculture-Agricultural Research 

Service (USDA-ARS) to simulate runoff, infiltration, interception, and erosion based on 

precipitation events (Woolhiser and others, 1970). This model can be applied within a 

GIS to represent spatial distribution within a watershed using the Automated Geospatial 

Watershed Assessment (AGWA2) Tool (Miller and others, 2002; Semmens and others, 

2008).  Four inputs are required to run the model (1) watershed elements (for example, 

topography and slope), (2) soil types, (3) precipitation information, and (4) land-cover 

data. Land-cover data is not readily available at a high enough resolution to simulate 

processes within this small watershed. 



 

Figure 1. Location map of the Ambos Nogales watershed along the International border of Arizona, United States, and Sonora, Mexico.
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Land Use/Land Cover 

An integer grid dataset representing the distribution of land-cover classes across the study 

area is required for input to AGWA2. Several datasets are supported by AGWA2 natively, 

including the North American Landscape Characterization (NALC; Lunetta and Sturdevant, 

1993), Multi-Resolution Land Cover Characterization (MRLC; Loveland and Shaw, 1996), and 

Gap Analysis Program (GAP; Gaydos, 1996) land covers. The National Land Cover Data 

(NLCD; Vogelmann and others, 2001) is a dataset that maps the conterminous United States into 

21-classes of land cover. The spatial resolution is 30-meters derived from Landsat Thematic 

Mapper (TM) satellite imagery. We acquired NLCD data for Nogales, Arizona (fig. 2).



 

 

Nogales, Arizona 

‐‐‐ 

exi

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

Nogales, Sonora, M co 

Figure 2: National Land Cover Data (NLCD) data for Nogales, Arizona, in the Ambos Nogales 

watershed. 

  The U.S. Geological Survey’s (USGS) Border Environmental Health Initiative combined 

Mexico’s Instituto Nacional de Estadística, Geografía, e Informática (INEGI) 1:250,000 Uso de 

Suelo (Land Use) dataset (1993) with NLCD (1992) to make a border-wide Binational Land 

Cover dataset (http://borderhealth.cr.usgs.gov/index.html, last accessed December 21, 2008). 

Eight land-cover classes were mapped to a generalized, modified Anderson Level I (Anderson 

and others, 1976) binational classification system to which both countries’ Land Use/Land Cover 

(LULC) data could be reclassified (Parcher and others, 2006; Wilson, 2006; fig. 3). 
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Nogales, Arizona
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Nogales, Sonora, Mexico 

 

 

EXPLANATION 
Developed  
Agriculture           
Forest            
Shrubland             
Water                   
Barren 
Grassland/Pasture 
Wetland/Halophillic 
vegetation 

Figure 3. Binational Land-cover dataset for Ambos Nogales. Arizona, United States, and Sonora, 

Mexico. 

The binational data has been reclassified and was derived entirely from Landsat interpretations; 

however, the original datasets were captured through different processes. The Mexican data were 

digitized polygons of land use, while the NALC data were classified using automated techniques 

resulting in a raster dataset. The LULC data represented by the polygons tend to present a more 

homogeneous picture of the landscape; the raster data represent more heterogeneity (Parcher and 

others 2006, Wilson 2006). While the binational dataset does provide a good qualitative 

representation of regional patterns in LULC, a more heterogeneous dataset is desirable to support 

the complexity needed for calculating hydrological parameters of a small watershed. 
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Procedures 

The NALC data are Landsat Multi-Spectral Scanner (MSS) time-series triplicates that 

were acquired in 1973, 1986, and 1991 (+/- one year). Pixel size for all images is 60 meters. 

NALC triplicates were acquired for Path 36, Row 38. The dataset from October 7, 1992 were 

used for this processing (fig. 4). 

 

Figure 4. North American Landscape Characterization (NALC) image over Ambos Nogales, 

Arizona, United States, and Sonora, Mexico, acquired on October 7, 1992, by using Landsat Multi-

Spectral Scanner data. 
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Using ERDAS IMAGINE 9.1 software, we extracted forty-five samples of land cover, 

based on dead-reckoning, and compared them with the classification scheme available from the 

NLCD using the Area of Interest (AOI) tool editor (fig. 5), to represent the full range of land 
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cover in the watershed. The AOI feature allows the user to draw polygons around distinct 

features and relate the signatures back to a known reference.



 

Figure 5. ERDAS IMAGINE 9.1 AOI tool editor and example of samples in Nogales, Arizona. 
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From the 45 samples identified, we merged the samples into 8 signatures that correlate with the 

NLCD classes occurring in the Ambos Nogales watershed: (1)  Deciduous Forest, (2) Bare 

Rock/Sand/Clay, (3) Quarries/Strip Mines/Gravel Pit, (4) Grassland/Herbaceous, (5) Urban/Recreational 

Grasses, (6) Shrubland, (7) Low Intensity Residential, and (8) Commercial/Industrial/Transport (fig. 6).   

 

Figure 6. Signature Editor in ERDAS IMAGINE 9.1 and 8 signatures. 

We applied a supervised classification, using these 8 signatures and the minimum distance rule, to map 

each pixel in the MSS scene into one of the 8 classes to create a new map of land cover in the watershed 

(fig. 7).
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Figure 7. National Land Cover Data Maps. A., Ambos Nogales watershed land 
cover (60-m resolution), Arizona, United States, and Sonora, Mexico; B., 
Ambos Nogales watershed land cover (30-m resolution), Nogales, Arizona.
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A. B. 
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To check the accuracy of the newly created binational land-cover map, we 

developed a stratified sampling regime by assigning random points (reference pixels) to 

the classified image. ERDAS IMAGINE 9.1 uses a square window to select the reference 

pixels and the number of points is stratified to the distribution of thematic layer classes. 

Congalton (2001) and Congalton and Green (1999) suggest using a minimum sample size 

of 50 per class.   

This creates a CellArray that lists two sets of class values for the randomly 

selected points from the classified map file. One set of class values is the land-cover class 

from the new map, and the other set of class values (reference values) is determined from 

higher resolution images by the analyst.  

For each randomly selected point, we manually compared the classification on the 

NCLD map of Nogales, Arizona, the 1995-1996 Digital Orthophoto Quarter Quadrangles 

(DOQQs) of Nogales, Arizona, from the USGS, and of Nogales, Sonora, from INEGI to 

identify the reference points. These orthophotos are taken at a 1-m resolution and can be 

zoomed in on to determine actual composition of land use. Some points were not 

accurately classified.  

A large area south of the International border was classified as Quarries/mines, 

but according to the DOQQ, reference point #98 is located in areas of widely dispersed 

mesquite or creosote surrounded by bare soil, a land cover reclassified as Shrubland and 

Bare rock/Sand/Clay (fig. 8). 



 

Figure 8: DOQQ of area south of the U.S.-Mexico border.  
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Additionally, in Nogales, Sonora, a lot of area that is residential is classified as Bare (fig. 

9) because the neighborhood design (bare soils, raw housing materials) varies from the 

design normally seen in the U.S. We left these Sonora residential areas classified as bare 

because it most accurately represents the terrain, especially since this map will be used as 

input to a hydrological model (not particularly created for urban planning purposes; fig. 

10). 
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Figure 9. Residential area in Nogales, Sonora, that was classified as Bare 

Rock/Sand/Clay. 



 

Figure 10: Picture of colonias at the U.S.-Mexico border in Ambos Nogales showing lack 

of pavement on roads in this watershed. 

(http://www.worldproutassembly.org/archives/2006/12/children_cross.html, last accessed 

December 21, 2008). 

Accuracy Assessment Report 

An error matrix was created to evaluate the new map’s accuracy, to compare the 

reference class values to the assigned class values, and to identify errors of inclusion 

(commission errors) and exclusion (omission errors) present in the map (Congalton and 
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Green, 1999; table 1). A commission error occurs when an area is misclassified to an 

incorrect category. An omission error occurs when an area is excluded from the class to 

which it belongs. In addition to showing errors of omission and commission, the error 

matrix can be used to compute overall accuracy (table 2). Finally, the Kappa coefficient 

expresses the proportionate reduction in error generated by a classification process 

compared with the error of a completely random classification (table 3).  

 

 



Table 1. Error Matrix 

 

Commercial/ 
Industrial/ 
Transport 

Deciduous 
Forest 

Grassland/ 
Herbaceous 

Bare 
Rock/ 
Sand/ 
Clay 

Quarries/ 
Strip Mines/ 
Gravel Pit 

 
Shrubland 

Low 
Intensity 
Residential 

Urban/ 
Recreational 
Grasses 

Classified 
total 

Commercial/ Industrial/ 
Transport 46 0 0 1 0 3 0 0 50 

Deciduous Forest 0 46 1 0 0 3 0 0 50 

Grassland/ Herbaceous 0 0 33 0 0 17 0 0 50 

Bare Rock/ Sand/ Clay 1 1 0 47 0 1 0 0 50 

Quarries/ Strip Mines/ 
Gravel Pit 1 0 3 10 6 28 2 0 50 

Shrubland 1 1 0 0 0 48 0 0 50 

Low Intensity Residential 0 0 0 1 0 0 49 0 50 

Urban/ Recreational 
Grasses 0 2 18 2 0 21 1 6 50 

Reference total 49 50 55 61 6 121 52 6 400 
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Table 2. Accuracy Totals. 

 
Reference 

totals 
Classified 

totals 
Number 
correct 

Producers 
accuracy, in 

percent 

Users 
accuracy, in 

percent 

Commercial/ 
Industrial/ 
Transport 49 50 46 93.88 92

Deciduous Forest 50 50 46 92.00 92

Grassland/ 
Herbaceous 55 50 33 60.00 66

Bare Rock/ Sand/ 
Clay 61 50 47 77.05 94

Quarries/ Strip 
Mines/ Gravel Pit 6 50 6 100.00 12

Shrubland 121 50 48 39.67 96

Low Intensity 
Residential 52 50 49 94.23 98

Urban/ 
Recreational 
Grasses 6 50 6 100.00 12

     Totals 400 400 281   
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Table 3. Conditional Kappa for each Category. 

            Class Name      Kappa 

Commercial/ Industrial/ Transport 0.9088 

Deciduous Forest 0.9086 

Grassland/ Herbaceous 0.6058 

Bare Rock/ Sand/ Clay 0.9292 

Quarries/ Strip Mines/ Gravel Pit 0.1066 

Shrubland 0.9427 

Low Intensity Residential 0.9770 

Urban/ Recreational Grasses 0.1066 

 

The Overall Kappa (K^) Statistic was 0.66. This implies that the classification 

process is avoiding 66 percent of the errors that a completely random classification 

generates (Congalton, 2001). The overall classification accuracy was calculated to be 

70.25 percent.  

We were not satisfied with these results and so went back to the drawing board. 

The majority of error appeared to be with the Quarries/Strip Mine/Gravel Pit class and 

the Urban/Recreational Grasses class. The samples were merged into 6 signatures from 

the original 8 (1) Deciduous Forest, (2) Shrubland, (3) Low Intensity Residential, (4) 

Commercial/Industrial/Transport, (5) Combo Bare Rock/Quarries, and (6) Grasses (fig. 

11). 

 



 

Figure 11. Screengrab of ERDAS IMAGINE Signature Editor with 6 classes. 

In the modified Anderson Level I binational classification scheme, the Anderson Level I 

rangeland class is sometimes split into two classes: shrubland and grassland/pasture. We 

considered further combining classes to merge grasslands and shrubs, but felt that given 

the hydrological modeling application, it would be more accurate to keep 2 separate 

classes.  

 We applied a supervised classification using these 6 signatures and the minimum 

distance rule to acquire a second pass cross-border land-cover map. Accuracy statistics 

were computed for the new map (Tables 4-6). 
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Table 4. Error Matrix 

  

Commercial/ 
Industrial/ 
Transport 

Deciduous 
Forest  Shrubland 

Low Intensity 
Residential 

Combination 
Grasses 

Combination 
Bare 

Classified 
Total 

Commercial/ 
Industrial/ Transport 46 0 3 0 0 1 50

Deciduous Forest 0 46 3 0 1 0 50

Shrubland 1 1 0 0 0 5048

Low Intensity 
Residential 0 0 0 0 1 5049

Combination Grasses 0 2 38 1 57 2 100

Combination Bare 2 1 29 2 3 63 100

Reference Total 49 50 121 52 61 67 400
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Table 5. Accuracy Totals. 

  
Reference 
totals 

Classified 
totals 

Number 
correct 

Producers 
accuracy, in 
percent 

Users 
accuracy, 
in percent 

Commercial/ Industrial/ Transport 49 50 46 93.88  

Deciduous Forest 50 50 46 92.00 92

Shrubland 121 50 48 39.67 92

Low Intensity Residential 52 50 49 94.23 96

Combination Grasses 61 100 57 93.44 98

Combination Bare 67 100 63 94.03 57

     Totals 400 400 309   
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Table 6. Errors of omission, commission, and percent correct. 

  

Errors of 
omission, in 
percent 

Errors of 
commission, in 
percent Percent correct 

Commercial/ Industrial/ 
Transport 6.12 8.16 93.88 

Deciduous Forest 8.00 8.00 92.00 

Shrubland 60.33 1.65 39.67 

Low Intensity 
Residential 5.77 1.92 94.23 

Combination Grasses 6.56 70.49 93.44 

Combination Bare 5.97 55.22 94.03 

     Totals 22.75 22.75 77.25 

 

The Overall Kappa (K^) Statistic was 0.7275—the classification process is 

avoiding 72.75 percent of the errors that a completely random classification generates 

and the overall classification accuracy was calculated to be 77.25 percent. The Ambos 

Nogales area is dominated by both shrubland and grassland around bare areas of 

transportation and urban sprawl (figs. 12 and 13), which is now represented in our new 

map. 

 



 

 

Figure 12. Image of property at the U.S.-Mexico border between Marisposa Rd. and I-19 

in Nogales, Arizona (http://www.loopnet.com/Arizona/Nogales-commercial-real-

estate/?LinkCode=18400, last accessed June 21, 2008). 
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Figure 13. Photo of development land taken near Highway 82 in Nogales, Arizona 

(http://www.loopnet.com/Arizona/Nogales-commercial-real-estate/?LinkCode=18400, last 
accessed June 21, 2008). 

 

In order to make the dataset acceptable as input to AGWA2, some further 

manipulation of the dataset was necessary. AGWA2 accepts NLCD datasets as input 

using a look-up table for the MRLC (fig. 14).  

  30

http://www.loopnet.com/Arizona/Nogales-commercial-real-estate/?LinkCode=18400


 

Figure 14. MRLC look-up table available in AGWA2. 

Classes in the new image were assigned class numbers according to this table (fig. 15). 

 

Figure 15. New “Class” attribute assigned to binational map. 
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The image was converted to GRID format, to polygon format, and back to GRID format, to 

replace the Value field with the new CLASS numbers. The new GRID, “mrlc_Nogales” is 

appropriate for use in the AGWA model (figs. 16 and 17).  

 

 

Figure 16. Final attribute table for the raster binational land-cover input of Ambos 

Nogales, Arizona, United States, and Sonora, Mexico. 

 

  32



 

 

      Figure 17. Final binational land-cover map of Ambos Nogales, Arizona, United States, and Sonora, Mexico, for input to AGWA2. 
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Conclusions 
 

Environmental modeling across international borders can be challenging due to differences 

in language, nomenclature, scale, style, and priorities. Remotely sensed images can be used 

to create seamless data across administrative boundaries for input into models. This 

research paper describes procedures used to create a binational land use/land‐cover map 

of use in the AGWA KINEROS2 model. 
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http://www.usgs.gov/privacy.html
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