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A bstract. Coastal zone o f Cuu Long estuary is a place through vvhich Mekong River flows into 
the Eastem Sca vvith 8 estuaries. is the zone is íormed under the iníluences in the interaction 
betw een river and sea. Geologically, Coastal zone o f Mekong delta is characterised by the 
predominat o f clay and silt íormations. These two íactors makes the shoreline sensitive to 
cxogenous processcs such assedimentation and erosion.. This paper presents an application of 
satellite remotc sensing technology to detect and analyze the spatial changes as well as quantiíy 
the shoreline change in Cuu Long estuary. Landsat and Aster satellite images were used with band 
ratio mcthod for shorcline change detection.The results present shoreline changes maps in three 
pcriods: 1989, 2001 and 2004. The outcomes o f the case study can be used as an orientation for the 
sustainable integrated management plan o f  Coastal zones.
Keywords: accretion, band ratio, erosion, change detection, shoreline.

1. In tro d u c tio n

Shoreline, the boundary betw een land and 
sea keeps changing its shape and position 
continuously duc to dynam ic conditions. The 
change in shorcline is m ainly  associated w ith 
waves, tides, vvinds, periodic storm s, sea-level 
change, the geom orphological processes such 
as erosion and accretion and hum an activities 
[1]. Erosion and accretion affect hum an life, 
agricukture and aquculture practice and 
w aterw ay transport activities. D etection and 
m easurem ent o f  shoreline changes are an 
im portant task in environm cntal m onitoring and 
C o a s ta l  zone m anagem cnt. A pproaches to
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detecting shoreline changes can be roughly 
divided into four categories, all o f  which have 
both  advantages and disadvantages: (1)
conventional ground surveying can achieve 
high accuracy o f  m easurem ent, but is labor 
intensive and tim e consum ing; (2) m odem  
altim etry technology uses radar altim eters or 
laser altim eters. It has a great potential, but the 
detectors a re  curren tly  less available; (3) 
airbom e im agery m easurem ent provides 
suffìcient p ictorial ỉníbrm ation, but the 
írequency o f  data acquisition is low, and the 
photogram m etric procedure including data 
acquisition and  im age m apping is costly as well 
as tim e consum ing [2]; (4) M ultispectral rem ote 
sensing satellites provide digital im ageries in 
inírared spectral bands w here the land-w ater 
in teríace is w ell deíined. Furtherm ore this
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m ethod has advantages: not tim e consum ing, 
inexpensive executed cost and large ground 
coverage m onitorins [2,3].

Satellite optical im ages are sim ple to 
interpret and easily obtainable. A bsorption o f  
inírared vvavelenglh region by vvater and its 
strong reílectance by vegetation and soil make 
such im ages an ideal com bination for mappirm 
the spatial distribution o f  land and vvater. These 
characteristics o f  \vater, vegetation and soil 
make the use o f  the im ages that contain visible 
and infrared bands w idcly used for coastline 
mapping [4]. This study applied satellite image 
interpretation and GIS to detect and analyze the 
spatial changes as well as quantify  the result o f  
shoreline change in Cuu Long estuary. The 
results present shoreline change m aps in three 
periods: 1989, 2001 and 2004.

2. S tu d y  a re a  an d  d a ta  sets

2. l.Stucty area

Coastal zone o f  Cuu Long estuaries extends 
from Tranh De river m outh to  Tieu river mouth. 
Study area is located betvveen latitude 105° 58' 
58"N to 106° 51’ 8" N and longitude 9° 23' 55" 
E to 10° 25’ 37E (Fig. 1). T he m ainland is 
limited by boundary o f  Coastal districts, 
including 8 districts: Long Phu (Soc Trang 
Province), Cau N gang, Duyen H ai, T ra Cu (Tra 
Vinh province) Binh Dai, Thanh Phu, Ba Tri 
(Ben Tre province) and part o f  G o C ong Dong 
(Tien G iang province). This area is relatively 
flat vvith a lot o f  sand dunes turning back to the 
sca. The clim ate has tropic and m onsoon 
characters w ith tw o seasons: the rainy from 
M ay to  N ovem bcr and the dry  from Decem ber

to  April. The river system  vvith high densily is a 
place through vvhich M ekong R iver flow s into 
the Eastern Sea w ith  8 estuaries.

<r^ Ệ r

2.2. Data set

Satellite im ages vvere acquired  in thrcc 
dates: Landsat T M  in 1989, Landsat ETM + in 
2001 and A ster in 2004 (Table 1). Landsat 
im ages have spatial resolution o f  spcctral bands 
in 30m and ETM + band 8 is panchrom atic o f 
15m resolution. A ster im age has 2 groups o f  
spectral bands w ith different pixel resolutions: 
VNIR bands in 15m and SW IR bands in 30m. 
These im age w cre taken in dry  season. 
T hercíore shoreline is easily identiíìed  due to 
the fact that the w ater level is not very  high. 
Topographical m ap a t scalc 1:100.000, UTM 
coordinate and W G S-84 proịection vvas use for 
geo-rectifying and  dcterm ining erosion/ 
accretion locations.

Table 1. Satellite data used in the study

Acquisition Time___________ Satellite_____________Sensor____________ Resoỉution
1 6 /0 1 /1 9 8 9  Landsat5 TM  30m
11/12/2001 Landsat7 ETM+ 15m,30m
12/12/2004 A ster A ster 15m’ 30ni
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3. M cthodology

Spcclral band ratio  is one o f  the most 
com m on m athem alical operations applied to 
m ulti-spectral ìm age data. Ratio im ages are 
calculated as the div ision  o f  DN values in one 
spectral band by the corrcsponding  pixel value 
in anothcr band. B and ratioing provides unique 
inform ation not availab le  in any single band 
that is useíul for d istinguĩsh ing  earth  suríace 
features. Band ratio  opcration can reduce the 
environm entally ìnduced variations in the DN 
values o f  a single band, such  as brightness 
variations caused by topographic slope and 
aspect. shadow s o r scasonal changes in  sunlight 
illum ination angle and  intensity. Thereíore, 
band ratioing can cm phasize and highlight 
subtle variations in the actual spectrai responses 
o f  various surĩacc covcrs.

Experim ents have show n that green band in
0.52 -  O.ÓỊ-im w aveleng ths (L andsat band 2 and 
A ster band 1) is sensitive to  vvater turbidity 
differences plus sed im ent and pollution plum es, 
because it covers the  green reílectance peak 
from Ieaf surfaces. It can be useful for 
discrim inating b road  c lasses o f  vegetation. 
W ater is strong absorbcr o f  near inírared 
radiation (NIR), so L andsat band 4  (0.76-
O.ỌOịim) and A stcr band 3 (0 .76-0 .86nm ) are 
useíul for locating and  dclineating w ater bodies, 
distinguishing betvveen dry  and  m oist soil and 
p ro v id in g  ìn ib rm a t io n  a b o u t  Coastal w e t la n d ,  

sw am p and floodcd arcas. Landsat band 5 
(1 .60-1 .70 |im ) and A ste r band 4 (1.55-1.75|i.m) 
exhibits a strong con trast betvveen Ịand and 
w ate r fea tu res du e  to  the  h igh  deg ree  o f  
absorption o f  m id-infrarcd energy by vvater and 
strong rcílectance o f  m id-infrared (M IR) by 
vegetation and natural featurcs in this range. 
The \vavelength inform ation is necessary in 
ratioing settings. T h is study used band ratioing 
m ethod in thes m entioned  w avelength  region to

extract soil and w atcr from I.andsat and Aster 
images.

Im age preprocessing: A ster im age has the 
sm allest spatial resolution o f  15m o f  VNIR 
bands, so band 4 (pixel size in 30m ) in SWIR 
spectrum  w ill be dow nscaled to  this one. This 
process is also appliedto  Landsat bands with 
30m 1 rcsolution. In change detection, geo- 
rectiĩication o f  im ages w ith different spatial 
resolution is constraincd  for guarantceing the 
sm allest error in overlaying rcsults. Aster 2004 
w as used to gco-rectify  w ith  thc topographical 
m ap. O ther L andsat im ages w as rcctified by 
A ster one. The R M SE s w cre less than 0.5 pixel.

Im age analyzing:  In the íĩrst stcp, histogram 
threshold m cthod is  used on NIR band for 
separating land from  water. The threshold 
values are selccted so that all w ater pixels arc 
separated from the land  pixcls . In this case, few 
land pixels have been  m istakcnly assigned to 
w ater pixels but not vice vcrsa. W ater pixels are 
then assigned to  “ 1”  and land pixels to  “0” . A 
binary im age has been achieved then. This 
im age is  nam ed “ im a g e l” . In the second step, 
ratio ing m ethod is used w ith ratios green/NIR 
and green/M IR . G reen/N IR  ratio  is useíul for 
separating land from  vegetation, grcen/M IR  for 
separating non-vegetation land. W ater pixels 
w ill be greater than 1. Tw o these ratio  images 
are m ultip ly  for rejecting  m istake and íòrm ing 
the new  im age nam ed “ im age2". Im agel is 
m ultiplied to  im age2 to  gencrate third image 
nam cd “ im age3". Som e isolatcd pixels are 
rem ove w ith  sieveing  and  filtering technique for 
the íĩnal shoreline im age. T he resulted shoreline 
extraction is transform ed into vector format and 
exported into M apInfo  form at for analyzing 
change o f  erosion/accrction areas. C hange in 
pairs are exam ined such as 1989-2001 and 
2001-2004. Fig. 2 illustrates thc stcps o f  the 
m ethod.
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Fig. 2. Flowchart o f extracting shoreline from satellite images.

4 . R e s u lts  a n d  d is c u s s io n

Accretion and erosion are  tw o inverse 
processes. A ccretion increases the area o f  
agricultural, forest and íìsh ing land, but yields 
the sedim ent in the sea port, baring vvatenvay 
transportation activities. VVhile erosion causes 
the loss o f  land, destroys constructed  huildings, 
houses, threatening hum an life. T he analyzing 
results has show n the erosion/accretion areas 
through time in fig. 3.

Shore is often eroded robustly  in wel!-aired 
zones and when it has direction perpendicular 
to northeast and southeast vvind. M ost o f

accretion/erosion sections in 1989-2001 are 
continued in the next stage in 2001-2004 vvith 
the higher and m orc rapid m easure. Section in 
conduence bctw een m iddle Hau river and Ọuan 
Chanh Bo channel had eroded in 1989-2001, 
but had no change in 2001-2004. This region 
vvas exam ined \vitli full vegetation cover in 3 
satellite im ages. Lots o f  sections vvere 
sedim ented in 1989-2001, but they w ere 
seriously eroded after 2001. It lengthened and 
jo ined  w ith prev ious erosion sections. It is 
obviously observcd in shoreline from Duyen 
Hai, Thanh Phong and Ba Tri districts.
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Fig. 3. Shoreline change in 1989-2004.

Fig. 4. Shore sections in Coastal communes with Fig. 5. Shore sections in Coastal communes vvith the
tte stroncest erosion in 1989-2004 ordered strongest accrction in 1989-2004 ordered decreasingly:

decreasinely: Thanh Hai; (b) Thua Duc; (c) Phu (a) Thanh Phong, (b) An Thanh 3, (c) Trune Binh, (d)
Tan; (d) Tan Dien, Kieng Phuoc; (e) Cu Lao Dat Bao Thuan- Bao Thach, (e) Dong Hai.

dune, (0  Dan Thanh

Shoreline 1989 in yellovv, 2001 in red, 2004 in green
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