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ABSTRACT: Shrimp culture is a sector of aquaculture which has a high potential for poverty
alleviation and rural development in Vietnam. However, shrimp culture experiences in neighbouring
countries and other areas of Vietnam clearly indicate that some of the changes induced by the
shrimp farms on the environment have potential negative impacts, one of which is wetland deterioration.
Despite the rapid growth of aquaculture and the evolution of the consciousness about its environmental
hazards, few studies have considered this matter in an objective manner.

This communication describes the use of two change detection methodologies in the assessment
of mangrove forest alterations caused by aquaculture development in two neighbouring districts of
the Red River Delta, Vietnam, between 1986/1988, 1992/1994 and 2001. Images from the Landsat
TM and ETM+ sensors were used in this study. The coastal territory in the Red River Delta being
extremely parcelled, appropriate image processing methodology is required, especially for TM/
ETM+ images of 30 m resolution. Thus this study aims to (1) detect change events by using two
hybrid change detection methods applied on TM/ETM+ images, and (2) elucidate deforestation’s
causes in two neighbouring districts through different trends of mangrove alterations.

For both methodologies, image comparability was assured with a radiometric correction done
by first transforming digital numbers to at-sensor reflectance and then applying a relative normalization.
In the first method, the enhancement is selected according to the nature of the change. In the second
method, a change/no-change mask is applied to classify only the pixels that have changed in the
date 2 image. In the Giao Thuy district, analysis of the results shows that 63% of mangrove areas
appearing in 1986 had been replaced by shrimp ponds in 2001. Between 1986 and 1992, 440 ha of
mangrove were destroyed, however, between 1992 and 2001 the extent of the mangrove increased
by 441 ha. In the Tien Hai district, mangrove forest areas sustained an important decrease (867 ha)
between 1988 and 1994. The district lost approximately 70% of its mangroves. Most of them (790
ha) were replaced by aquaculture ponds. For the period between 1994 and 2001, even though some
mangroves were replaced by aquaculture (62 ha), the forest gained 360 ha in area.

1 INTRODUCTION

The Red River delta is one of the world’s most densely populated areas and about 75% of the
population lives in rural communities. A majority of people inhabit the coastal zones of the delta
that stretches on more than 200 km. Having very rich natural resources, this area occupies a
significant place in the economic development of Northern Vietnam (1). In this predominantly rural
and agrarian nation, over 76% of the population rely on the sustainability of the natural resource
(2). After about twenty years of economic liberalization and opening of the country to international
markets, the delta’s land-use types, particularly in the littoral zone, underwent many modifications
(3). During this period, market opportunities made shrimp culture an industry with high potential
for poverty alleviation and rural development in Vietnam.
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However, shrimp culture experiences in neighbouring countries and other areas of Vietnam
clearly indicate that some of the changes induced by the shrimp farms on the environment have
potential negative impacts, one of which is wetland deterioration. The lost of mangroves, so popular
in this region, leads to the loss of a natural protection against tropical typhoons which are extremely
important for the local population’s livelihood and paddy production (2). For example, the Frankie
and Nikki typhoons in the summer of 1996 have destroyed 80% of aquacultural pond and sea dykes
of Tien Hai. In addition, the coastal ecosystem’s productivity was lost, especially mangrove products
(wood, honey and mollusc) as well as the wildlife and larval shrimps (3).

Despite the rapid growth of aquaculture and the evolution of the consciousness about its
environmental hazards, few studies have considered this matter in an objective manner. This
communication describes the use of two change detection methodologies in the assessment of
mangrove forest alterations caused by aquaculture development in two neighbouring districts of the
Red River Delta, Vietnam between 1986/1988, 1992/1994 and 2001.

The study zone is located at the Red river estuary, 150 km southeast of the capital Hanoi, it
includes two sub-zones: Tien Hai district (at the east of the estuary) and the Ramsar natural reserve
in Giao Thuy (in the west) (see Figure 1).

Figure 1. Study areas.

The TM and ETM+ images were chosen to be used in this research due to their availability over
long periods. However it was noted that land cover in the study zone is extremely segmented, which
is not to the advantage of the use of the satellite images of average resolution, for example the
images TM of Landsat (30 m), or HRV of SPOT (20 m). Furthermore, in the coastal zone, the
biophysical conditions are very complex and create mosaics of wetland, bare soil (dry or flooded
temporarily), dry cultures and mangroves. All that can cause difficulties during the change detection
process. In this context, it is crucial to establish a suitable image processing methodology applied
on TM and ETM+ imagery suitable for this study area. This study aims to (1) detect change events
using two hybrid change detection methods applied on TM/ETM+ images, and (2) elucidate
deforestation’s causes in two neighbouring districts through different trends of mangrove
alterations.
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2 METHODS

Satellite images used for this study were from the Landsat program. For the Giao Thuy area, the
first two images were acquired by the TM sensor on October 30th 1986 and December 1st 1992, the
third image was acquired by the ETM+ sensor on November 16th 2001. For the Tien Hai area, the
images were from the same sensors acquired on December 22nd 1988, December 23rd 1994, and
November 16th 2001. The anniversary dates are considered sufficiently close to present similar
phenologic characteristics in the vegetation. Tide prediction values at the moments of acquisition
were for Giao Thuy: 2.4 m for the 1986 image, 3 m for 1992, and 2.1 m for 2001. For Tien Hai,
the values were: 1.8 m for 1988, 2.9m for 1994, and 2.1m for 2001 (values for the port of Hai
Phong, approximately 65 km from Giao Thuy).

In addition to remote sensing data, reference maps were used as ancillary data to assist the
classification process and to assess the accuracy of the classification of change vs. no-change
events. The topographic maps used were produced in 1987 (scale 1:50 000), 1995 (scale 1:25 000)
and 2001 (scale 1:25 000) for the Giao Thuy area, and 1987 (scale 1:50 000), 1995 (scale 1.25 000)
for the Tien Hai area. Field assessments were performed in order to validate land cover classification
of the mangrove forest and other land cover categories. This assessment involved land-based
surveys and surveys by boat. Landscape features were characterized through visual observation,
documented photographically and geo-located by GPS.

For the atmospheric conditions, an image without cloud is obviously preferable. In addition, the
use of anniversary dates ensures fewer differences in solar illumination and atmospheric conditions
on the two dates. The conditions of soil moisture must ideally be identical for the dates used. The
tide level is also a crucial factor in the choice of the satellite images for the detection of coastal
changes. Ideally, the tide level must be similar between the periods, but that does not always
correspond with satellite passage.

We experienced some difficulties with aquaculture pond identification in our study zone. This
may be due to low variation between sediment levels in the sea water and shrimp pond water, which
results in low spectral differences between the two classes. Such a segmented and complex environment
also poses difficulties in the change detection process. Some of the problems encountered with the
use of hybrid (image enhancement combined with post-classification analysis) approaches in complex
environments can be explained by the fact that no single image enhancement can be used to identify
all types of changes. Cohen and Fiorella (1998) indicate that changes in land-cover are most often
associated with a combination of indices rather than any single index or change feature.

We used two different methods of image processing on two zones to test different solutions to
solve those difficulties of the coastal change detection. Their processing are compared and presented
in the flow chart below (Figure 2). In the first method, the enhancement is selected according to the
nature of the change. In the second method, a change/no-change mask is applied to classify only
the pixels that have changed in the date 2 image. The objective of both methodologies, therefore,

Figure 2. Processing flow for both methodologies.
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was to detect changes in land-cover for a coastal environment characterized by a rapidly changing
landscape using means that could provide from-to information while minimizing commission
errors.

In the two methods, we have georeferenced the images and then applied an atmospheric correction.
This correction helps to eliminate the solar angular effects and the atmospheric effects, which can
change the spectral properties of land cover on the image. We thus carried out the calibration and
the transformation into reflectance at the top of the atmosphere as well as a relative radiometric
normalization. The empirical method of radiometric normalization was selected, because it does
not demand simultaneous models nor ground-measured data. Among the three images employed,
we chose one who presents fewer clouds as reference to carry out the correction. The selected
invariant targets are water (low reflectance), vegetation (medium range reflectance) and roads (high
reflectance).

Another common point between the two methods is that the classification is an unsupervised
one. In fact, confusion between the various land cover types was noted, because certain types can
sometimes have the same composition of three elements: water, soil, and vegetation. So we found
that it is better to carry out a unsupervised classification and then to name the classes according to
our field knowledge. Particularly, in Tien Hai, the aquaculture ponds are not constructed with solid
wall, so they are less identifiable and we had to manually edit them.

Both methodologies used the Tasseled Cap transform and thresholds to create a mask of change/
no-change. The thresholds were calculated starting from the average value (µ) and the standard
deviation (δ) of the histogram of each difference image as the following: maximum of change = µ
+ 0,8*σ; minimum of change = µ – 0,8*σ.

The first method, used in Giao Thuy, consists of classifying both images (a date 1 and a date 2)
to first obtain information about the type of changes identified in a comparison of the two classifications.
The classification of the second date image is further corrected adaptively using the first image as
reference. The class correction takes place where ever a significant difference in a selected feature
is not found, whilst the feature space is comprised of the standard brightness, greenness and
wetness layers from the tasseled cap spectral transform. The feature selection is determined by the
“from-to” change type given by the initial classifications. Hence, the mask is created from information
found in all three Tasseled Cap features according to a band selection matrix (see Table 1). The
change is then assessed using a traditional post-classification comparison.

The second method applied in Tien Hai uses the Tasseled Cap index to calculate the magnitude
of change for each pair of two images (equation suggested by Lunetta and al. (4)):

Magnitude of change = [(brightness 1-brightness 2)2 + (greeness 1-greeness 2)2

+ (wetness 1-wetness2)2]1/2

In this case, the mask consisted of only changed pixels between the two original images and
only those pixels were classified in the date 2 image. A comparison of classifications was made in
order to produce the change maps with “from-to” information. Finally an evaluation of precision
was applied in order to know the exactitude of the detection of changes.  As we did not have enough
ground data to validate the classification of the image of 2001, we validated changes between 1988
and 1994.

The analysis of the changes in the zone of study was done on the statistics of image processing
results to identify their tendencies, their speeds of changes as well as the causes of changes. The
latter was based on documentation relating to anthropogenic factors (the natural reserve’s and the
Red Cross’s action) or natural factors (sedimentation and mangrove regeneration).

3 RESULTS

Results form the Giao Thuy area show that when only conversions to aquaculture are considered,
45% (364 of 817 ha) of shrimp ponds built prior to 1992, were located on land occupied by
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mangroves in 1986. It is however most probable that a fraction of the shrimp ponds detected in
1992 have been built in areas where mangrove had developed after 1986, which therefore was not
detected in the 1986 image. Hence, those surfaces cannot be evaluated using large time intervals
between image acquisitions.  Between 1992 and 2001, the proportion of shrimp ponds built in areas
that were occupied by mangroves in 1992 is 40% (305 of 768 ha). Again, underestimation of this
surface is likely, due to the time period (9 years) between image acquisition dates.

When analyzing the changes between 1986 and 2001, we see that 63% of the mangrove areas
identified on the 1986 image had been partially or entirely replaced by shrimp ponds in 2001. Areas
that have been partially replaced are those that were converted to the “mixed mangrove/aquaculture”
land-cover class. Also, a minimum of 45% of shrimp ponds apparent in 2001 were built on land
earlier occupied by mangroves, either in 1986 or 1992. Mangroves have decreased by 430 ha (750
ha to 320) between 1986 and 1992, but increased by 440 ha (320 ha to 760) between 1992 and
2001. Shrimp pond areas have increased consistently from 121 ha in 1986, to 938 ha in 1992, and
1706 ha in 2001.

Results from the classification accuracy assessment indicated precisions in the order of 75% for
the 1986 classification, 50% for 1992, and 80% for 2001. Poor results from the 1992 classification
are partly explained by the fact that there is a three year time gap between the image acquisition
date and the reference map’s production date (1995). This period corresponds to change in land
ownership regulations in Vietnam (in 1993), and hence a very dynamic period for aquaculture
development, which resulted in numerous land use changes across the study area between 1993 and
1995.

Results from the Tien Hai area show that changes in mangroves are variable; there is a decrease
between 1988 and 1994 followed by an increase between 1994 and 2001. Unlike mangroves,

Table 1. Tasseled Cap feature selection matrix. Used by the validation algorithm to determine the feature
to be used in the validation of a detected change. For example, in a case of a change from sea water to
mangrove, the greenness feature difference (corresponding to the number 1) would be used.

       Date 2 Mangrove Casuarina Sand Dry Humid Young or Sea Aquaculture Mixed Jute
         (To) bare bare damaged water mangrove

soil soil mangrove and
Date 1 aquaculture
(From)

Mangrove 0 2 1 1 1 1 1 1 1 1

Casuarina 2 0 1 1 1 2 1 1 1 1

Sand 1 1 0 3 3 1 3 3 1 1

Dry bare soil 1 1 3 0 2 1 2 2 2 1

Humid bare
soil 1 1 3 2 0 1 0 0 1 1

Young or
damaged
mangrove 1 2 1 1 1 0 1 1 3 2

Sea water 1 1 3 2 0 1 0 0 1 1

Aquaculture 1 1 3 2 0 1 0 0 1 1

Mixed
mangrove
and
aquaculture 1 1 1 2 1 3 1 1 0 2

Jute 1 1 1 1 1 2 1 1 2 0

Where:
0 : Bypass validation 2 : � Wetness
1 : � Greenness 3 : � Brightness
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aquaculture ponds have raised steadily during both periods (see Figure 4). Mangrove forests have
decreased in area by 860 ha between 1988 and 1994. This represents about 70% of the initial extent.
Most (790 ha) were replaced by aquaculture ponds.  For the 1994 to 2001 period, mangrove areas
have increased by 360 ha. The area lost to aquaculture is far less important than during the first
period (60 ha). This can be explained by the fact that people have stopped to damage the mangroves
after having experienced the consequences of their loss. Also, mangroves have been replanted by
the Vietnamese government and international organizations (5). Area that have been reforested are
bare soils (230 ha) and submerged lands (130 ha).

During the 1988 to 1994 period, shrimp ponds were mainly built on mangrove areas, this was
the case for about 53% of the district’s shrimp ponds. These development zones are located close
to the Red river estuary and also converted humid bare soils (400 ha) and aquatic shrubs (120 ha).
For the second period, humid soils and agriculture lands were converted in a similar proportion to
aquaculture ponds (240 ha). While ponds continued to develop also on areas previously occupied
by sea water and salt marshes, the mangrove lands were replaced in a smaller proportion. Furthermore,
we generally observed that shrimp ponds were built more and more inside the sea protection dikes.

Analysis of the results allows us to make some comparisons between the two study areas and
attempt to explain some of the differences. First, we note that mangrove loss was greater in Tien
Hai than in Giao Thuy for the first period covered, and that recovery was not has successful in Tien

Figure 3. Classification results from Landsat TM and ETM+ images on which changes have been
confirmed by the change validation algorithm.
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Figure 4. Land use changes in Tien Hai in 1988 (a), 1994 (b) and 2001 (c).

Hai. The Xuan Thuy natural reserve might have helped to lessen the impact of aquaculture in the
first period since although it was created officially in 1995, it was signed as a Ramsar site in 1989.
This has probably promoted the protection of the mangroves and its natural regeneration. Also,
both sites have benefited from reforestation projects, but sedimentation rates are superior in Giao
Thuy due to along-shore currents in the south-west direction for most of the year (6). These
sediments contribute to mangrove natural expansion (7).

Some difficulties were encountered in the Tien Hai area with the identification of shrimp ponds
which seamed smaller and did not show clearly on the 30 m resolution 1994 image. Difficulties
were also encountered in Giao Thuy with the 1992 image, the water inside the ponds did not present
spectral differences with the sea water, and therefore it was not possible to discriminate them. This
was not the case with the 2001 image, possibly because much more sediments were present in the
ponds water.
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We found that both methodologies have advantages and drawbacks. The method used in Tien
Hai allows concentrating on the pixels that have changed in the date 2 image in the classification
process. While the method used in Giao Thuy allows selection of the image enhancement to better
match the type of change occurring. However this method can introduce errors by assuming that the
class of the date 1 image is correct in case of an invalidated change. Also, this method requires the
classification of both images and the design of the band selection matrix.

4 CONCLUSION

Both methodologies used in this study allowed monitoring the impact of shrimp farming on the
mangrove forests with acceptable precision. We found that larger shrimp ponds with well defined
limits were more easily identifiable on the images. Knowledge of the field and ancillary data
containing information about land use were very important in filling the gap for those ponds that
did not show clearly on the images. The use of higher spatial and spectral resolution sensors could
be useful in providing additional information to better identify these ponds.

Further research is needed to validate the change detection method used in Giao Thuy and assess
its usefulness in various environments. In a future research, the information about the uncertainty
in a classified pixel could be used in cases of invalidated changes instead of assuming the class of
the date 1 image to be correct.

Nevertheless, the TM and ETM+ sensors used in this study allowed identifying a wide range of
land-covers and change events in the coastal zone of the Red River estuary. This information made
possible the changes to be linked to mangrove resource management practices.
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