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Abstract 
 
In 2012, California entered a drought period throughout the state. This condition has extended up to 
present day, and has precipitated water use cutbacks mandated at both the state and municipal level. 
Woodland, CA announced last year a mandatory 25% reduction in water use at the residential level, and 
even higher reductions for agriculture. Four band NAIP aerial imagery (RGB and NiR) taken during the 
summer months of 2009, 2012, and 2014 was used for the analysis using NDVI from the ArcMap Image 
Analysis toolbar. The analysis found that vegetation levels in the target subdivision have continued to 
increase regardless of mandatory water restrictions, and only a small percentage of residences in the 
area have allowed their landscaping to suffer as a result. Comparison of results from NAIP NDVI imagery 
to results obtained by the ESRI NDVI application within ESRI ArcMap revealed substantial differences in 
the amount of vegetation identified, with the ESRI application revealing substantially greater areas of 
vegetation. 
 
Introduction 
 
Since 2012, California has been in a statewide drought unprecedented in recent history. In 2014, 
Sacramento received only 10.35 inches of rain, 51% of the normal average. Mandatory cutbacks on both 
agricultural and residential use have been mandated at both the state and municipal level.  To meet 
these goals, water suppliers have include restrictions on the number of days and times that residential 
neighborhoods may water outdoor landscaping. A common sight today in residential neighborhoods are 
outdoor landscapes that have been allowed to die off, or have been replaced by drought tolerant 
landscaping, or artificial turf.  
 
In 2006, KB Homes started development of the Heritage Park subdivision on approximately 275 acres 
consisting of mid-size residential homes, with a density on average of four homes per acre. The land 
used for this development was originally agricultural in nature, with minimal natural vegetation.  As 
such, almost all vegetation in the study area consists of irrigated residential landscape vegetation.  
(Figure 1) 



 
Figure 1. Heritage Parks Subdivision 

As of 2009, construction in this area had come to a halt due to the collapse of the housing market. Part 
of the construction process for housing in this neighborhood consisted of at least basic landscaping, as 
such most all parcels had landscaping, unless specifically told not to plant by the purchaser of the home. 
 
 
Methods 
 
High resolution (1 meter) NAIP aerial imagery was used in this study. NAIP (National Agriculture Imagery 
Program) is administered by the USDA Farm Service Agency Aerial Photography Field Office. The images 
used in this study were taken in the years 2009, 2012, and 2014. Images are available in single band true 
color, four band red (R), green (G), blue (B), and near infrared (NIR) and in NDVI processed formats. The 
four band and NDVI images were used in this study. All images were taken during summer months in 
this area. As this study focused on the amount of residential landscaping vegetation, the images were 
clipped to remove open fields, parkland, and agricultural areas. (Figure 2) 
 

 
Figure 2. Cropped Image 

 



To accentuate vegetation from urban features, a NDVI (Normalized Difference Vegetation Index) 
analysis was performed on each image using the NDVI application in ESRI ArcMap 10.3. NDVI is 
calculated using the formula NDVI = (NIR – R)/(NIR + R). The high chlorophyll content in healthy 
vegetation absorbs visible light, and strongly reflects wavelengths in the NIR band. NDVI uses these 
attributes to highlight healthy vegetation and assigns values based on the results. Healthy vegetation 
normally results in higher values.  The ESRI NDVI analysis classified each pixel to a numeric value and 
assigned an associated color to each classification, with various shades of green assigned to pixels 
determined to be healthy vegetation by the ESRI algorithm.  (Figure 3) 

 
Figure 3. ESRI NDVI Classification 

The next step was to determine the total acreage of healthy vegetation in each study area. After the 
NDVI analysis, each pixel depicting healthy vegetation was assigned a value of 110 through 255. Using 
the ESRI raster calculator, a conditional expression was used to create a new raster, assigning 
classifications of 110 or higher a value of 1, and leaving other pixels as null. (Figure 4) 

 
Figure 4. Con("NDVI_2014_Image1.tif"  >= 110, 1) 

 
Each pixel in the image has a cell size of 1 x 1 meter, and by checking the attribute table for the total 
number of cells in each raster, the total area of vegetation in square meters was determined.  



Multiplying this value by 0.000247105 determined the total square acreage of vegetation for the study 
area for each year. 
 
To determine the amount of landscaping lost, another raster calculation was performed. In this case the 
previous raster calculation results were compared, using the 2012 and 2014 images. The 2012 image 
was used due to the fact that this would best represent vegetation just prior to the drought.  In case the 
expression was designed to compare the 2012 and 2014 rasters, and if the 2012 raster had a value of 1, 
and the 2014 had a value of null, assign a pixel value of 1. (Figure 5) 
 

 
                      Figure 5. Con(("2012NDVI_calc" == 1) & IsNull("2014NDVI_calc" != 1),1) 

 

 
ESRI NDVI vs. NAIP NDVI 
 
As stated earlier, the NAIP imagery is available with NDVI analysis already performed in a single band 
format.  An unsupervised classification analysis was run to identify only the healthy vegetation portion 
of the 2012 NAIP NDVI image, and was then compared to the results of the 2012 ESRI NDVI analysis. 
Comparison revealed substantial areas that were not rendered as vegetation even though visual 
inspection against the true color image showed healthy lawn area or vegetation in that area that was 
captured by the ESRI NDVI analysis. 
 



 
Figure 6. NAIP vs. ESRI NDVI 

 
Results 
 
In 2009, analysis showed a total of 16.6 acres of landscaped vegetation in the study area. In 2012, that 
amount had increased to 34.1 acres, a 51% increase. In 2014, the acreage increased again dramatically, 
up to 66 acres, a jump of 48%.  
 
The comparison of the amount of landscape that existed in 2012, but was no longer detected in 2014 
showed a loss of only 2.6 acres.  
 
When comparing the 2012 NAIP NDVI imagery to the results generated by the 2012 ESRI NDVI analysis, 
the NAIP NDVI analysis showed a total of 18.3 acres, as compared to  a total of 34.1 acres identified by 
the ESRI NDVI process, a difference of 46%. 
 

 
Figure 7. Total Acreage By Year 

Analysis 
 
These increases can be explained by maturing foliage over the years, replacement or additions to the 
original landscaping installed by the developers. In the case of acreage lost between 2012 and 2014, 
verifying   the loss of vegetation was performed by physically going by the address and confirm the loss 
of vegetation. In many of these cases, lawn had been replaced with artificial turf. 
 



One major advantage of working with the NAIP imagery is that it gave enough resolution to be able to 
visually verify results by the imagery itself, eliminating the need to physically visit the target area and 
verify the features were what the analysis suggested.                                 
In the case of the discrepancies between the NAIP and the ESRI NDVI results, there are a number of 
different causes that can be considered. The most likely cause would be differences in the pre-analysis 
processing of the image, or differences in the algorithm or software used. In any case, in this instance 
ESRI did a better job of identifying vegetation. 
 
Conclusions: 
 
Mandatory water restrictions within the study area have had a minimal effect on the study area, and 
residential landscaping continues to expand within the subdivision. The use of modern irrigation systems 
may be one reason, electronically controlled drip and sprinkler systems are approximately 30% more 
efficient than manual watering methods, resulting in less waste, and more water going to the roots. As 
such, it is much easier to program specific reduction values for landscape irrigation, making it easier to 
determine minimum levels of water required by the vegetation. 
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