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Abstract

The U.S. Fish and Wildlife Service and the U.S. Bureau of Reclamation are evaluating land cover 
change in the Central Valley, California. This is intended as a long term program to identify change in 
major land cover types, and areas where active change is taking place in the Central Valley. This 
information will assist in identifying areas for habitat acquisition and enhancement for wildlife species 
of concern in the Central Valley. This program is designed to integrate with the long term change 
detection program of the California Department of Forestry and the U. S. Forest Service for the State of 
California. 

A three phase process is used including 1.) the development of a 1993 database, 2.) development of a 
2000 - 1993 change dataset through spectral differencing and 3.) development of an updated 2000 
database through spectral polygon creation from 2000 satellite imagery and evaluation and identification 
of actual change. The paper focuses on the final two phases of the process. 

Introduction 

The U.S. Fish and Wildlife Service (FWS) and the U.S. Bureau of Reclamation (USBR) are involved in 
the development of a habitat monitoring program for the Central Valley of California. As part of the 
project, a database of landcover change between 1993 and 2000 has been developed. Basic methods 
follow techniques used in the California State Change Detection Project by the California Department of 
Forestry (CDF) and Fire Protection and the U. S. Forest Service (USFS) (Levien and others, 1998). One 
objective for the Central Valley habitat project is to integrate methods and legends into the CDF and 
USFS State wide project. 

The Central Valley Habitat Monitoring (CVHM) project is divided into three phases as discussed by 
Hansen (Hansen, 2003). The first phase was development of a land cover base map for 1993. During this 
phase, a land cover base map was created based on land cover and land use mapping captured from six 
different sources. This phase was completed in 2001 and is described in the 2001 ESRI User Conference 
Proceedings (Hansen and others, 2001). A key processing step in this phase was construction of a base 



map using spectral polygons generated from 30 meter TM satellite imagery described by Curlis (Curlis 
and others, 2001). The second phase is the development of a change detection layer between 1993 and 
2000. This phase identifies change based on spectral differences of satellite scenes between these two 
dates. Some of the change detected through spectral differencing will be caused by factors not related to 
a change in habitat (i.e. agricultural practices). Thus a third phase is required which consists of actual 
identification, evaluation, and labeling of change. This paper deals with these final two phases. 

Process 

As the 1993 habitat base map was being completed in 2001, work on phase two of the project was 
already under way. In this phase, a pixel level change map was developed for images representing 1993 
and 2000. Landsat TM Satellite scenes for the two dates were co-registered and image differencing 
applied to derived principal component images. This creates a new image representing spectral change 
between the two dates of TM imagery. Since the Central Valley of California is dominated by 
agricultural production an agricultural mask was created to reduce the apparent change due to common 
agricultural practices. 

In phase three, a new base map was created developed from spectral polygons generated from merged 
scenes for 2000. This new base map was used to capture data from the 1993 habitat base map, spectral 
change areas, land cover data from additional sources, and review of change areas. The data for 2000 
represents a composite of data for 1993 and 2000. 

Determining Spectral Change between 1993 and 2000 

Phase two requires co-registration of satellite scenes for the 1993 and 2000 dates and occurs 
independently of phase one. It follows general procedures used by the CDF - USFS for the statewide 
change detection project (Levien and others, 1998). However, instead of identifying change through 
classification of a multi-temporal Kauth-Thomas (MKT) transformation, the CVHM project utilized 
principal component analysis (PCA) combined with image differencing and thresholding for change 
detection. Two sets of principal components were derived for each TM scene, one for each date. Image 
Subtraction between 2000 and 1993 images is then used on the first three principal components. Then 
the resulting values are interactively thresholded to determine a mid level zone of no-change values and 
the extreme zones of change values. The CVHM project differs from the CDF-USFS project in that it 
does not attempt to classify differences in vegetation density or the relative intensity of vegetation 
change. It also focused on a greater variety of habitat change types. Therefore only two classes were 
developed for the project: Change and No Change. 

Figures 1 through 3 shows the sequence of steps in producing the change image. Figure 1 shows 
processed bands 4, 5, and 3 from 1993 TM imagery. Figure 2 shows the same band sequence for 2000 
imagery. Figure 3 shows the resulting change image after image subtraction. Highlighted in yellow are 
change areas. 



  

 

Developing Spectral Polygons for 2000 

The underlying base map for the year 2000 are spectral polygons generated from merged 30 TM satellite 
scenes. In some cases near the coast of California, additional imagery was incorporated due to clouds or 
other problems with available satellite scenes. Image segmentation algorithms as discussed by 
Woodcock and Harward were used to create polygons based on image texture and spectral reflectance 
(Woodcock and Harward, 1992). Image segmentation algorithms for the CVHM project are based on 
algorithms developed by Boston University Center of Remote Sensing and function within the Image 
Processing Workbench (IPW) public domain software (Frew, 1990). The resulting polygons carry no 
label except a unique polygon ID. This set of polygons is then used to capture data from other sources or 
from review of the change areas. 

The process followed was the same as that used for the 1993 base map with Landsat 5 Thematic Mapper 
(TM) imagery. A 2 ½ acre minimum mapping unit (mmu) was used with the segmentation algorithm. 
The computational constraints created with this mmu necessitated the use of 58 processing areas for 
image segmentation. Landsat TM imagery was subset for each processing area. TM bands 3, 4, and a 
texture band derived from band 4 were used for the segmentation process. This combination of bands 
(3,4, texture of 4) have proven effective in vegetation mapping efforts such as the USFS vegetation 
mapping program in Region 5, California (Miller, et. al., 1994). Figure 4 shows a set of spectral 
polygons generated from the 2000 imagery. The spectral polygons are outlined in yellow with the 
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satellite imagery in the background. This is a enlarged portion of a change area shown in figure 3 and 
shows the development of a golf course and housing for this change area. 

 

Capture of Landcover Classes from 1993 Data and Other Sources 

Grids generated by image segmentation of the satellite scenes were then used to generate polygon 
coverages for the 58 processing areas and to capture ancillary data. The 2000 set of spectral polygons is 
independent and different from the 1993 habitat database. It represents an entirely new base of polygons 
for capture of ancillary data and for review with aerial photography and other imagery. 

GRID zonal functions were used to interrogate grids of the ancillary data and capture a majority value 
for each spectral polygon. This information is stored either in the polygon attribute table or as related 
tables that can be joined base on the unique ID. The initial set of information captured with this new 
base is the habitat mapping label  for 1993 and the percentage of the polygon showing change between 
1993 and 2000. In addition, several other digital sources for land cover in the area were available for a 
comparison between 1993 and 2000. These are: 

●     Mapping of land cover by the National Oceanographic and Atmospheric Administration (NOAA) 
for 1993 in coastal areas based on TM imagery. 

●     Detailed mapping of riparian vegetation by California State University, Chico and others, circa 
1998. 

●     Mapping of rice areas by Ducks Unlimited in the Sacramento Valley for 1998. 
●     Field validation of land cover mapping by the Endangered Species Recovery Program, Fresno, 

California between 1999 and 2001. 
●     Land cover mapping by California Department of Forestry and U.S. Forest Service between 1998 

and 2001. 

Figure 5 shows an area within the Sacramento Valley where rice mapping by Ducks Unlimited for 1998 
has been included to update the 2000 database. Rice mapping by Ducks Unlimited is shown in blue 
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hachures. Spectral polygons are displayed as outlines of the polygons. 

 

GRID processing for each of the processing areas and the capture and storage of information from the 
ancillary data was done as batch processing with Arc Macro Language (AML). 

Review of Spectral Change Areas 

Beginning in the spring of 2001, land cover or land use was determined for change areas based on aerial 
photo interpretation and in some cases field visits. For reports on landcover and landuse changes in 
USBR water service areas, aerial photo interpretation and field checking was done for all change areas 
within selected water service areas. Other areas of change outside of these water service areas were also 
reviewed on a non random basis. This review was not as comprehensive as the review within the service 
areas. 

Figures 6 and 7 show updates made to the 2000 database for a portion of the San Joaquin Valley, 
California. This is primarily an agricultural area and the original 1993 data identified the entire area as 
irrigated agriculture. Review of change areas for 2000 with available imagery, indicated development of 
confined feeding operations in this area. Imagery for 1993, in this case 10 meter spot imagery, indicated 
that some areas identified as irrigated agriculture already had confined feeding. This is shown in Figure 
6. The database for 1993 was updated to recognize confined feeding operations for areas that had been 
identified as irrigated agriculture. 
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Figure 7 shows the same area with 2000 color imagery in the background. Between 1993 and 2000, an 
additional area had been converted from irrigated agriculture to a confined feeding operation. 

 

At this time, the CVHM program is developing an accuracy assessment program in which randomly 
selected polygon areas will be reviewed using satellite imagery, aerial photography and field notes. In 
addition, this program has been in close coordination with CDF and the USFS on integration of this data 
with the statewide change detection data. The program is active in the State vegetation mapping 
coordinating committee to ensure that the classification system and methodology matches with State and 
National standards for land cover and land use classification and mapping. 

Reporting Change for 1993 to 2000 

The initial reporting of change is on a water service area basis for USBR. Reports are also generated for 
each processing area. However, due to time constraints, only portions of a particular processing area 
may have been reviewed. The processing areas can be updated at any time either directly by interactive 
review of the area or by incorporation of newly available land cover or land use data. Fresh reports can 
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then be generated for the processing area that reflect these updates. Figure 8 shows a change detection 
report in matrix form for a water service area in the Central Valley. 

 

Summary 

The database for the year 2000 identifies areas of change from the original 1993 database of land cover 
and land use. It incorporates data from additional sources that were not available for the 1993 database. 
Methods used in the development of the 2000 database provides a basis for incorporating more current 
or accurate data from other sources. In addition, the methods for smooth integration into state and 
national mapping programs. The program is designed for cyclic landcover monitoring of the Central 
Valley. These methods can also be used to meet special landcover monitoring requirements as needed by 
the agencies. 
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