
Development of a semi-automated process to map agriculture in the Upper 
Rio Grande Basin during the 2015 growing season using spectral grouping

Abstract
 As part of a water 
availability study, a si-
mi-automated approach 
was developed to map ir-
rigated agriculture for the 
purpose of estimating 
water use during the 2015 
growing season.
 The Upper Rio 
Grande Basin (URGB) 
Focus Area Study (FAS) 
is exploring water-budget 
spatial and temporal 
components, which in-
clude characterizing and 

modeling surface water 
processes, estimating 
evapotranspiration, and 
evaluating groundwater 
availability within the 
study area (Figure 1). 
 The goal of the project 
is to produce an irrigated 
acres feature class that 
provides crop type and 
the type of irrigation 
system with improved 
spatial resolution in com-
parison to published 
Landsat derived products, 
such as the USDA Cropland 
Data Layer (CDL).

Methods
Data 

 U.S. Department of Agri-
culture (USDA) National 
Agricultural Imagery Pro-
gram (NAIP) data were se-
lected based on the spatial 
and spectral resolution in the 
United States and areas 
along the U.S.-Mexico 
border where imagery cover-
age exists. Because NAIP 
imagery for the 2015 grow-
ing season were not available 
for the study, 2014 NAIP im-
agery were used. 
 NAIP provides one meter 
spatial resolution, and the 

red, green, and near-infrared 
(NIR) spectral wavelengths 
needed to spectrally differen-
tiate photosynthesizing irri-
gated agricultural fields from 
native arid vegetation and 
other land cover classes 
within the study area (Figure 
2). 
 Python scripts were
developed for data manage-
ment and geoprocessing 
throughout the expansive 
study area.
 The NAIP imagery were 
digitally stitched together 
(mosaicked) and tiled into 
production units (PU) for ef-
ficient geoprocessing time. 
Each PU is approximately 95 
square miles (Figure 3).

Geoprocessing

 Delineation of active agri-
cultural fields was done by 
using a semi-automated iter-

ative process with segmenta-
tion and smoothing tools 
available in Esri ArcGIS. 
 The Esri Segment Mean 
Shift (SMS) tool clusters sur-
face features using spatial 
and spectral reflectance char-
acteristics (Esri, 2016).
 The SMS tool used NAIP 
imagery NIR, red, and green 
spectral bands as inputs to 
differentiate and group vege-
tative surface features (Fig-
ure 2). 
 The Eliminate Polygon
Parts and Simplify Polygon 
tools were used for polygon 
smoothing.
 The process grouped 
spectrally homogeneous ag-
ricultural fields. For areas in 
Mexico where NAIP imag-
ery are not available, and 
where agriculture surface 
features are spectrally
inconsistent and grouping 
did not delineate a field,  
manual digitization was 

needed to complete delinea-
tions. An example of the 
polygon delineation process 
is provided (figure 4). The 
manual digitizing effort was 
based on manual image in-
terpretation to identify and 
differentiate agriculture 
fields from native vegetation 
and other land cover classes 
within the basin.

Attribution

 Delineated agricultural 
field polygons in the United 
States were attributed with 
crop type class information 
from the 2015. CDL 2015 
classes were queried to de-
termine which crops were 
active during the 2015 grow-
ing season.  
 For locations within the 
study area where CDL and 
published information were 
not available, manual image 
interpretation was used to 
attribute crop type and irriga-
tion system type. Manual 

image interpretation looked 
for unique combinations of 
color, pattern, texture, sur-
face feature size, and contex-
tual information to identify 
and differentiate surface fea-
tures using multispectral im-
agery, normalized difference 
vegetation index (NDVI), 
and evapotranspiration data 
produced by USGS EROS 
(Senay, 2015).
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Figure 3. Work flow diagram.

Figure 4. (A.) NAIP imagery (RGB = 432), (B.) the polygon feature class resulting 
from automated geoprocessing, and (C.) the final polygon feature class.

Figure 2. Examples of spectral reflectance for photosynthesizing
(green) and dry vegetation, and soil (Clark, 1999).

A. NAIP Imagery B. Automated polygons C. Final polygons

Figure 1. Geographic extent of the Upper Rio Grande Basin (URGB)
Focus Area Study (FAS) irrigated acres polygon feature class.
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