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Multispectral Change Vector Analysis for
Monitoring Coastal Marine Environments*

Abstract

Documenting temporal changes to coastal zones is an essen-
tial part of understanding and managing these environ-
ments. The exclusive use of traditional surveying tools may
not be practical for monitering large, remote, or rapidly
changing areas. This paper investigates the utility of multis-
pectral Landsat Thematic Mapper satellite data for docu-
menting changes to a Caribbean coastal zone using the
change vector analysis processing technique. The area of
study was the coastal region near the village of Buen
Hombre on the north coast of the Dominican Republic, The
primary habitats of interest were the intertidul mangrove for-
ests, and the shallow water seagrasses, macroalgae, and
coral reefs. The change vector analysis technique uses any
number of spectral bands from multidate satellite data to
produce change images that yield information about both
the magnitude and direction of differences in pixel values
(which are proportional to radiance). The final products
were created by appending color-coded change pixels onto a
black-and-white base map. The advantages and limitations
of the technique for coastal inventories are discussed.

Introduction

Coastal zones contain some of the most biologically complex
and productive ecosystems on Earth. Much of the world's
population resides in coastal regions and exploits their abun-
dant resources. Documenting temporal changes to coastal
zones is an essential part of understanding and managing
these environments. Resource surveys of coastal areas typi-
cally use topographic maps, nautical charts, aerial photo-
graphs, and direct observations. Maps, charts, and photos are
often unavailable for many areas or are out of date and lim-
ited in their information content. On-site surveying can be
very costly, time consuming, and, thus, inefficient for areas
requiring repeated inventories, The exclusive use of these
traditional surveying tools may not be practical for monitor-
ing large, remote, or rapidly changing areas (Stoffle, 1991).
This paper investigates the utility of multispectral Landsat
Thematic Mapper (TM) satellite data and the change vector
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analysis (CVA) processing technique for documenting changes
to a Caribbean coastal zone.

The area of study was the coastal region near the village
of Buen Hombre on the north coast of the Dominican Repub-
lic. Buen Hombre is a small fishing and farming community
of about 900 people located approximately 20 kilometres east
of Monte Cristi on the shore of the Atlantic Ocean. The
coastal ecosystem here is very diverse, complex, and rela-
tively pristine. The region can be divided into several zones
along a distance from shore transect which includes (1) an
intertidal mangrove forest, (2) a first lagoon with extensive
seagrass meadows and macroalgae, (3) patch coral reefs in
the first lagoon, (4) a first barrier coral reef, (5) a second la-
goon, and (6) a second barrier ¢oral reef (Luczkovich, 1991).
A third reef system also exists in much deeper water. The
primary habitats of interest were the mangrove forests, and
the shallow water seagrasses, macroalgae, and coral reefs.

This work was completed as part of a CIESIN** pilot
project (Stoffle and Halmo, 1991; Luczkovich et al., 1993).
The task was established to determine whether satellite data
can be used by an interdisciplinary research team to identify
small area changes to the coastal zone (Wagner et al., 1991).
The project also attempted to explain the processes, both
natural and human induced, affecting the ecosystem and
how the resulting changes are affecting the local people. The
research team included 12 members with a wide range of ex-
pertise including cultural anthropology, climate and atmo-
sphere science, marine biology/ecology, soil and crop
science, and remote sensing technology. Field work was con-
ducted in the Buen Hombre coastal region to gather base-line
data for the project. This on-site surveying included marine
observations and sampling employing SCUBA diving at over
50 sites during a three-week period in February and March
of 1991,

The change vector analysis technique (Malila, 1980) is
an empirical method of detecting radiometric changes be-
tween multidate satellite images in any number of spectral
bands. This method yields information about both the
amounts and types of changes in the data. The changes are
characterized by vectors having magnitudes and directions in
multispectral change space.

Method

Thematic Mapper data sets of the study area recorded on two
seasonally similar dates were used in the processing (path/
row: 8/46, 02 February 1985 and 04 January 1989). Prior to

**Consortium for International Earth Science Information Network,
University Center, Michigan.
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the CVA processing both images were geocoded, registered,
and radiometrically normalized.

The 1985 data were geometrically corrected to the Uni-
versal Transverse Mercator projection with a 25-metre grid,
Several well distributed geographic control points obtained
from 1:50,000-scale topographic maps or from Global Posi-
tioning System satellites were used to calculate the geometric
transform. A subscence of the full T™ image containing the
study area was resampled using the restoration resampling
method (Dye, 1976). Subpixel resampling errors were ob-
tained in both the north-south and east-west directions for
the geometric correction. The 1989 image was then registered
to the 1985 geocoded image by scene-to-scene resampling.

Significant pixel value differences in satellite data of the
same area obtained on different dates occur due to actual
scene changes, sun elevation differences, and sensor varia-
tions. In order to determine which data set to radiometrically
modify, pixel value histograms were produced and analyzed
for the visible TM bands of both images. A slightly wider
data range existed in the 1985 image, therefore, the 1989 data
were selected for modification so that the maximum amount
of radiometric detail would be included in the processing.

Pixel clusters from both images which appeared similar
in natural color composites were examined using a display
device, and digital numbers for a sample of these pixels were
recorded from bands 1, 2, and 3. The terrain classes of these
clusters included bare soil, mangrove forest, and deep water.
The pixel values from each band were plotted against each
other to verify linear relationships between the data of both
images. Because linear relationships existed in all three
channels, regression lines were calculated and the gain
(slope) and offset (intercept) coefficients were used with lin-
ear radiometric balancing software to modify the 1989 data
to more closely match the 1985 data,

The visible TM bands were selected for the CVA process-
ing because some of the habitats of interest were in clear,
shallow water and these wavelengths (band 1: blue, band
2:green, band 3:red) are able to penetrate such water col-
umns. It was assumed that disturbances to the existing man-
grove forests, seagrass meadows, macroalgae, and coral reefs
would result in vector magnitude increases in the data, be-
cause the foundations of these habitats are mainly bright
sand or other sediments. Damaged or dying corals also be-
come brighter (bleached) when their symbiotic algae are ex-
pelled (Glynn, 1991). Conversely, any substantial areas of
growth in these habitats should be indicated by vector mag-
nitude decreases.

The cvA method computes the total change magnitude
per pixel by determining the Euclidean distance between end
points through n-dimensional change space, i.e.,

;; (X, — X)?,

where “X," and “X," are the date 1 and date 2 pixel values
and “i” is the T™ band. A scale factor can be applied to each
band to magnify small changes in the data. A factor of five
was used in the processing of each T™™ band for this work.
The change direction for each pixel is specified by whether
the change is positive or negative in each channel. Thus, 2~
possible types of changes can be determined per pixel (Virag
and Colwell, 1987). Because this processing used three input
bands, there were 2° or 8 possible types of changes, or sector
codes, that could be detected (Table 1). For the rare instances
where pixel values did not differ between the two dates, a
default direction of “+" was used to ensure that all pixels
were assigned a direction.

The initial output image of the CVA processing was a
two-byte file where channel 1 indicated the sector code and
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channel 2 contained the scaled vector magnitudes. Next, the
change information was superimposed onto a black-and-
white base map with the change pixels color-coded accord-
ing to their sector code. This multispectral change magnitude
(MCM) image incorporates both the change magnitude and di-
rection information from the CVA processing (Virag and Col-
well, 1987).

In order to make the final images more interpretable,
only scaled magnitudes over a threshold value were ap-
pended onto MCM images. This threshold was used to avoid
including changes due to sensor noise, The threshold was
determined by examining deep water areas, which should be
unchanged, and recording their scaled magnitudes from the
CVA file. A threshold was selected that included significant
changes but avoided those which were obviously due to sen-
sor noise.

Results

Two final MCM images of the study area were produced. One
with sectors 7 and 8 changes coded as magenta and red, re-
spectively, and the other with only sector 1 changes coded as
yellow.

Changes in sectors 7 and 8 were of interest because they
represented pixels where the threshold magnitude level was
met due to digital number increases in bands 1 and 2, but
not in band 3, or due to increases in all three bands. It was
hypothesized that clear, shallow water areas of corals, algae,
and seagrasses that may have been damaged or destroyed
would change from dark to light in all three bands, or possi-
bly only in bands 1 and 2 because band 3 has a reduced abil-
ity to penetrate the water column and is less effective as
water depth increases. Any portions of the intertidal man-
grove forest that had been cut should also be identified with
the sectors 7 and 8 MCM image. Several areas in the MCM im-
age of sectors 7 and 8 showed changes to the study area.
Among these was a large, oblong region (>60 pixels) in the
first lagoon, plus several smaller areas (1 to 8 pixels) in the
first lagoon, first barrier reef, and along the shoreline. Plates
1 and 2 show corresponding subscenes of the 1985 and radi-
ometrically balanced 1989 T data in natural color compos-
ites. Plate 3 shows the MCM subscene with sectors 7 and 8
changes identified.

Sector 1 changes (threshold magnitude decreases in all
three bands) were of interest because they could identify any
areas of significant growth at the edges of the habitats char-
acterized by a bright to dark change. The sector 1 MCM image
did not indicate any substantial areas of vector magnitude
decreases in the mangrove forests, shallow lagoons, or coral
reefs. It is likely that this type of change did occur in the
study area, but was either not spatially large enough to be

TasLe 1. Sector Cope DEFINMIONS FOR CHANGE VECTOR ANALYSIS PROCESSING
wimH TM Banps 1, 2, anp 3.

TM Change Direction

Sector
Code Band 1 Band 2 Band 3
1 . iy —
2 - — +
3 1 L _
4 - - -
5 - - -
6 + - +
7 + + -
8 1 + +

+ indicates pixel value increase from date 1 to date 2.
— indicates pixel value decrease from date 1 to date 2,
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Plate 1. 1985 TM natural color composite (band 3: red; band 2: green; and band 1:
blue) subscene of the coastal area near Punta Rucia, Dominican Republic.

™ path/row: 8/46

Date:

02 February 1985

Rucia, Dominican Republic.
Projection: UTM with 25-metre grid

Approximate Scale: 1:75,000 Date: 04 January 1989 Approximate Scale:

Plate 3. 1985-1989 ™M Multispectral Change Magnitude image of sectors 7 and 8
with change information superimposed onto the 1985 band 1 data. Red indicates
threshold magnitude increases in bands 1, 2, and 3 (sector 8). Magenta indicates
threshold magnitude increases in bands 1 and 2 (sector 7).

Date 1: 02 February 1985 Projection: UTM with 25-metre grid

Date 2: 04 January 1989 Approximate Scale: 1:75,000

1:75,000

a

™ path/row: 8/46 Projection:  UTM with 25-metre grid
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Plate 2. 1989 TM natural color composite subscene of the coastal area near Punta
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captured by the 25-metre pixel size or did not exceed the
threshold magnitude selected.

Discussion

Change vector analysis processing of the visible T™M bands
identified several areas where sectors 7 and 8 changes ap-
peared to occur to the mangrove forests, shallow lagoons,
and coral reefs in the study area. Many areas of change were
recorded, but further on-site observations are required for
verification of specific habitat changes. Although the water
in the study area is very clear, it is possible that some of the
observed changes were due to water clarity and quality dif-
ferences. It is interesting to note that a large majority of the
observed changes were to the shoreline, the first lagoon, and
the inshore coral reefs. These near shore sites appear to be
changing more rapidly and over a wider area than sites fur-
ther offshore. The abundance of changes to near shore sites
could be due to the increased amount of activity (fishing and
SCUBA diving) in nearby shallow waters compared to off-
share sites. The offshore sites are more difficult to access be-
cause only small boats are available and the sea state in
these areas is typically rough and more dangerous.

A particular advantage of the cvA method is the ability
to process any number of spectral bands desired. This is im-
portant because not all changes are easily identified in any
single band or spectral feature, The processing can be com-
pleted to detect all radiometric changes in the data or only
those greater than a selected threshold. For use in coastal
marine inventories, the CVA technique may be most valuable
as a tool for locating suspected areas of habitat changes prior
to more intensive field surveying. This could save time and
money available for on-site work, thereby enabling more effi-
cient use of project resources. In addition to coastal habitat
monitoring, the technique may be valuable for water quality
and clarity studies. Also, the cvA method should be more
cost efficient and effective for large areas than other tech-
niques for recording changes such as multispectral classifica-
tion.

As with other change detection techniques, ephemeral
changes in the data like those due to different atmospheric
states and sea surface conditions are also recorded and can
make interpretation difficult. Another possible limitation of
the CVA method used with T™ data is that very substantial
changes must occur before being detected by the resampled
25-metre pixels. The method will become more effective for
monitoring shallow marine environments as new sensors
specifically designed for ocean science observations with im-
proved spatial resolutions and spectral band locations be-
come available.

Summary

The change vector analysis (CVA) processing technique was
tested using the three visible wavelength bands of Landsat
Thematic Mapper data for detecting changes to a coastal
zone in the Dominican Republic. The habitats of interest in-
cluded the intertidal mangrove forests and shallow water
seagrasses, macroalgae, and coral reefs. The CvA approach
characterizes changes in the data by computing vectors with
both pixel magnitude and direction information. Change in-
formation is then appended onto a black-and-white base map
with the change pixels color-coded according to their direc-
tions. Any number of spectral bands desired can be used in
the processing; therefore, 27 possible change directions can
be determined. All radiometric changes to the data can be re-
corded or only those greater than a selected threshold.
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Several small pixel clusters (1 to 8 pixels) representing
radiance increases to the first lagoon, first barrier reef, and
the shoreline were identified. A large area change (>60 pix-
els) of the same type was also recorded in the first lagoon.
Most of the observed changes occurred in the near shore por-
tions of the study area which are used more frequently for
fishing and SCUBA diving by residents and tourists. The CvA
method can be a valuable tool for coastal resource surveys
and monitoring, especially for identifying suspected areas of
changes prior to more detailed on-site observations.
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