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A bstract. In maiiy ycars, changing o f shoreline has causcd a lot o f diíTĩcultics for Uic suslainablc 
dcvclopmcnt o f socio-cconomics in thc Coastal zone o f tlie Red River dclta. Hcrc, in aílcr the 
Flandrian ưansgrcssion, accrction proccss o f cxpanding dclta has conlinuously dcvelopcd. The 
croded sections o f shoreline appcarcd át Ihe bcginning o f the Twenticth ccntury (1905). The most 
intcnsive scgment is in Hai Hau disưict. The Erosion related mainly to the  lack o f sedimcnt causcd 
by exogcnous and human activitỉcs. AlTcct o f endogenous proccss to crosion is vcry weak. The 
Erosion iii Hai Hau has continuously dcvcloped bccausc scdimcnt at tlie Red River mouth is 
mainly being ưansportcd to the s w  to llie dcpứi o f 5-25m, 62 pcrccnt o f which is transported 
cross-shorc. Iii ordcr to usc laiid cíTcctivcly in the Coastal zone, at iiitcnsivc crodcd shorclincs 
gcotechnical mcasurcs liavc to bc applicd such as strong sea dykc and groins. In casc o f arcas 
typhoon landing at the spriiig tidc, pcopỉc in the vulncrablc areas at thc coast have to movc to safe 
areas.
Kcywords: Holocenc; Red Rivcr Delta; Shorclinc; Coastal Zone; Hai Hau coast.

1. C h a n g in g  o f  sh o re lin e  in  L a te  P leistocene

The trace  o f  ancient sea activities left on 
land  (ancient sea level, sea benches, geological 
form ations) and sedim ent on bottom  surface 
a llow  reconstructing ancient shorelines. The 
V inh Phuc íbrm ation form ed in Late 
P leistocene w as developed and distributed on a 
large scale on land  and sea floor. O n land, they 
are exposed  in Bac N inh, Bac G iang, V inh Yen, 
H a Tay and

N inh Binh provinces. On the sea  íloor, they are 
exposed a t the dep th  o f  25-30m  [1]. The 
identify characteristics o f  the íorm ation is the 
w eathered clay w ith  m otley  colour. The Vinh 
Phuc form ation fo rm ed  in  relationship vvith the 
V inh Phuc transgression  and the shoreline had 
reached in m entioned  provinces, somewhere 
reached to  D ong T rieu  in the N orth  o f basin that 
created an  eroded  su ríace  at the height 10-15m 

(F ig .l).
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Fig. I Schcma o f shorelines in Red River Delta in Cenozoic.

A fter this transgression, it w as a regression 
witlì large scale caused by thc last glacier in 
Ọ uatem ary tliat the shoreline m oved olTshorc to 
the deptlì o f  100- I 2 0 I11 belovv the present sea 
level. As a result o f  the regression, the Late 
Pleistocene Ibrm ations vvcrc exposed, 
weathered and intcnsivcly e roded  (Fig.2).

Thus, in the L ate Pleistocene existed 2 
shoreline positions: a shoreline related to  the 
sea transgression and a shoreline in 100-I20m  
depth related to  the sea  regression.
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Fig. 2 Shorelỉnc in thc Latc Plcistoccnc [6].

2 . C h an g in g  o f  sh o re lin e  in  th c  lỉo lo c e n e

After the sea  regression , the shoreline 
changed w ithin the space o f  2 m en tioncd  above 
shorelines. D uring the regression  time, the V inh 
Phuc íorm ation w as in tensively  vveathered in 
the hot and dry clim ate. Then, a t 17000 years 
Bp the F landrian transgression  started. The 
shoreline gently m oved  upvvard to the land from  
the dcpth o f  100-120 m  T he graph  o f  
transgression process w as sinuous (Fig.3). The 
sea level o f  Flandrian transgression  reached to 
m axim um  at 6000  years Bp, reached to  Ha Noi, 
Bac N inh and D ong Trieu, lasted  about 1500 
years, created a sea  level trace o f  4-6m  high on 
the lim estone scarps and  the  tc rraces o f  4 -5 m 
high [5].

Shoreline positions bet\veen the P leistocene 
transgression and the F landrian  transgression 
show s that the F landrian transg rcssion  scale 
w as smaller.

A fter the F landrian transgression, the sea 
level con tinuously  íluctuated  up and down 
con ipared  w ith  the present level. This process 
lastcd about 2000  years and \vas recorded by 
the sea  level trace  a t lìigh o f  3-3,5m  in Cat Ba, 
N inh B inh, Ha long bay  (Fig. 4 ,5) and the 
terraces at h igh  o f  2-2,5 m  in Vinh Bao and 
Tien Lang [5]. From  2000  years Bp to the 
present, the sea lcvel has been relatively stable 
(Fig. 3 ).

Y e a r e  a g o  ( t h o u s a n d s )

Fig.3. Sca levcl changc in Plcistoccne-Hoỉoccne [7].

The sea level a fte r the Flandrian 
transgression  slow ly  m oved  offshore. In Ninh 
B inh p rov ince the  shoreline nearly overlapped 
w ith  the  shoreline  o f  F landrian transgression. 
This is su itab le  \vith the locally tectonic 
subsidence trend o f  the area Ũ1 the Holoccne. 
This trend  has continucd  up to  now.

Thiis, vertica l m ovem ent affected to the 
m orphology and position o f  shoreline. In 
adđition, the ro le o f  vertical movem ent also 
affected  to  sed im ent process in Holocene. The 
geological íorm ation  fom ied  in  H olocene had 
reA ected the changing o f  sea level and 
charactcristics o f  vertical m ovem ents.
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Sea level trace

Fig. 4. Sea level trace in Hoa Lu (Ninh Binh 
province).

Fig. 5. Sea level trace in Hoa Lu (Ninh Binh 
province).

T he vertical m ovem ent w as illustrated by 
geological processes suclì as: G lac ie r occured  in 
a large scale at the  end o f  P leistocene. T he Red 
River basin and Continental sh e lf  have 
experienced a m ajor period o f  vveathering and 
eroding thai created an eroded surface. After 
that at beginning o f  H olocene the  eroded 
surface vvas broken by faultinu  and  created 
hlocks. V ertical m ovem ent o f  the  b locks vvith 
fealure: subsidence m ovem ent increased from 
cdge to  the center. This is shovvn clearlv  in the 
changing o f  thickness o f  H olocene sed im ent in 
the drilled-vvell data [ 1 ].

3. C h a n g in g  o f  s h o re lin c  fro m  2000 y e a rs  Bp 
to  th e  p re se n t

From  2000 y ea rs  Bp to  the  present, the sea 
level has been re la tive ly  stab le . T he fluctuation 
o f  sea level w as no i s im iiíìcan t conipared vvith 
tlic present level. A t present, sea level is rising 
vvith a speed  o f  l-2 m m /y ear. B ased on the  study 
o f  sedim ent p rocess and hum an activ ities. the 
chang ing  o f  shorcline  a fte r the H andrian  
transgression up to  now  can be divided in 2 
phases (F ig .6):

- T he dep o sitin g  phase: the shoreline 
con tinuously  m oved  o ffshore  (from  2.000 years 
B p to  1905).

- T he  erodinti and  depositing  phase (froni 
1905 up to  now ).

ỉn the first phase, the  Red River delta w as 
expanded and the  shoreline m ovcd offshore 
vvith a speed  o f  lOOm/year. In Coastal zone, 
generations o f  sea dykes in turn vvere iorm ed in 
1471, 1838, 1899 (in  N inh  B inh, Nam Dinh, 
T hai B inh). T he  sca  dykes system  basically 
re ílected  the positions o f  shoreline. U ntil 1905 
the shoreline in H ai H au vvas the lầrthest one 
offshore and vvas tak en  as  the  shoreline m arker 
to study the ch an g in g  o f  shoreline  later.

A t that tim e, acco rd in g  to  the  characteristic 
form , Hai 1 lau  shoreline  vvas convex (fig.6).

Noith/

Fig. 6. Shoreline positions during period o f 1905- 
1995 [2].

Sea lèvel trace
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The second  phase o f  changing shoreline 
(from  1905 up to  now ) is charac terừ ed  by 
follow ing íeatures:

- Section from  Day m outh to Lach G iang 
m outh: the shoreline has been  accum ulated and 
continuously extended offshore.

- Section from  Lach G iang m outh  to Ha Lan 
m outh: the shoreline has been eroded and 
continuously m oved into the mainland.

- Section from  Ba Lat m outh to  T hai Binh 
m outh: the shoreline is relatively stable.

There is lot o f  study dealing w ith  accreting- 
eroding process o f  shoreline. However, the 
answ er for eroding  process in Hai Hau 
shoreline so far h a sn 't bccn satisfactory [4].

O n the base  o f  analyzing data o f  the 
accreting-eroding process and changing o f 
shoreline in  Hai H au, this process is explained 

as follows:

- Until 1905, thc shoreline in Hai Hau was 
convex. This show s that the accreting process 
w as dom inated. C om pared w ith Hai Hau 
section, the D ay, La ch G iang and Ba Lat ones 
expanded offshore w ith a slow er speed. It 
shovved that the sedim ent distribution beíore 
1905 vvas different from  present. The accreting 
process occurred rapidly, caused by condition 
in w hich there w ere no t river dykes for a long 
period.

- From  1905 up to  no\v shoreline in Hai 
H au gradually has backed into the m ainland and 
in  the other hand  the shoreline in Day mouth, 
Lach G iang m outh  and Ba Lat m outh  have 
rapidly expanded o íĩsho re  w ith a speed o f 
lOOnVyear.

The eroding process in Hai H au is closely 
related to  the change in sedim ent supply and 
shoreline fo im

The shoreline in Hai H au ruiis through 7 
com m unes: Hai Loc, H ai Dong, Hai Ly, Hai 
Chinh, Hai Trieu, Hai Hoa, and H ai Thinh. The

eroding process annually  causes m uch loss in 
inírastructure an d  changes o f  geological 
envừonm ent th a t affects badly the  socio- 
econom ic developm ent in this area. The eroding 
process has started  since the beginning  o f  20 
century. This re la ted  closely to the  degradation 
o f  H a Lan m outh  w hich used to  b e  the  major 
estuary o f  the R ed R iver a t that time. The clear 
evidence o f  the degradation  o f this estuary was 
the shoreline in G iao Long and  G iao Phong 
com m unes continuously  expanded offshore 
vvith speed up to 200nVyear from  1905 to 1930 
but after that in this shoreline accretion changed 
into erosion

The degradation o f  Ha Lan estuary and the 
developm ent o f  Ba Lat m outh caused the 
defíciency o f  sed im en t in Hai H au. Length o f  
eroded section continuously  increased, to the 
1980s and then shortened  gradually  because the 
shoreline was p ro tec ted  by the sea dyke system  
However, the eroding  intensity clearly 
increased in the p e rio d  o f  1985-1995, it was 1.5 
times m ore than  th a t in the period o f  1965- 
1985. Especially in  Hai C hinh-H ai Hoa, the 
eroding rate  reached  15-20nVyear. T he eroding 
process usually takes p lace strongly  in m onsoon 
and the erosion is m oving  tovvards Hai Thinh 
com m une w ith  average speed o f 400m /year.

The H ai H au com m une is located  betw een 
tw o large estuaries: Ba Lat m outh in the N orth 
and Lach G iang m ou th  in the South. Annually, 
the sedim ent am ounts transported through the 
estuaries are 29.1 m illion  tons and 5.82 m illion 
tons (for th e p e rio d  o f  1956-1998), respectively. 
However, according  to  Gao and Collins 
m cthods [3] to dcfine the net o f  sedim cnt 
transport, the sed im en t taken  from  the estuaries 
does not supply  fo r the Hai H au coast [2]. 
Figure 7 shows th a t the sedim ent am ount o f  the 
R ed River has no t accum ulated near shore but 
transported offshore to the depth o f  2 5 m  Area 
o f  the scdim ent transported offshore to  5-25 m
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depth are G iao Long and Hai Loc. A long the 
Hai Loc-Hai T hinh Coastal zone, sedim ent is 
mainly transported along shore tovvards the 
southwest. A long the eroded G iao Phong-G iao 
Long C oastal zone, the sedim ent is transported 
along shore tow ard the northeast. This is caused 
by waves directed from  the northeast which 
stopped by sand bars in the estuaries causing 
less im pact to the shore. Sedim ent taken from 
Lach G iang m outh is m ainly transported  to the 
southvvest.

Q uantitatively, balance o f  sedim ent supply 
in Hai H au shoreline was calculated by 
sedim ent volum e transported along coast and 
offshore. The sedim ent volum e transported 
along coast w as calculated by CERC tbnnula 
based on m onitoring w ave data from  1976 to 
1994. The cross-shore sedim ent transport was 
deĩined b y  K ạịim a forraula (1982) with 
experim ental coefficient calibrated according to 
real condition in Hai Hau. The calculation

results po in ted  out that sedim ent volum e 
transported alcmg the coast to  the southvvest by 
northeast and north  w aves in the northeast 
m onsoon w ind w as 654,078m 3/ycar. In the 
sum m er, the southeast and South wind 
dominated, the sedim ent w as transported to  thc 
northeast (62,884m 3/year). But in general the 
m ain trend o f  sedim ent along the coast was 
tcnvards the southw est. The sedim ent volum e o f 
cross-shore transport into the deep w ater was 
l,286,322m 3/year. Some people consider that 
the erosion o f  the Hai H au shoreline vvas related 
to active tecton ic subsidence. In fact the 
tectonic m ovem ent trend in Q uatem ary and 
H olocene has m aintained and  continued upto 
the present. T hough the shoreline had 
continuously m oved offshore from  the 
Flandrian transgression upto  100 years BP 
(accretion dom inatcd) and then changed in 
erosion. That's why accretion and  erosion were 
not related to tcctonic activities

Fig. 7. Schema o f sediment ữansportation in Hai Hau C oastal zone [2].



46 c.v. Ngoi et al. / VNU Ịourìial of Science, Earth Science5 25 (2009) 40-47

Sum m arizing the interaction o f  cndogenous 
factors, hydrosphere and the Coastal zone shovvs 
that the erosion in Hai H au shoreline was 
caused by the declinc o f  Ha L an  mouth. Then, 
the croding process \vas continuously 
developed because the area w as not supplied 
enough sedim ent from  the estuaries. In 
addition, the sedim ent transported offshore by 
sea waves o f  1.940.400mVyear (38%  along 
shore and 62%  offshore). At present, the shore 
from  Hai Loc to Hai Dong is changed into 
accretion, in other sections the erosion speed 
m ay continuously increase. The strong dyke 
along Hai D ong-Hai Hoa has increased the sea 
w ave energy destroying the shorelinc a t the 
southvvest that created an eroding shoreline 
m oving to  Hai Thinh.

The Hoa Binh hydroelectric dam  has 
reduced 56%  o f  sedim ent in  the low erpart o f 
rivers. In the íu ture vvhen Tuyen Q uang, Son La 
and other hydroelectric dam s will be put into 
construction and operating, the am ount o f 
scdim cnt supplying for Coastal areas will be 
continuously decreased. W ith  in íluence o f  Hoa 
Binh hydroelectric dam, the accum ulating speed 
in  Ba Lat m outh has reduced from  84m /year 
(1965-1985) to  ÓOnVyear (1985-1995). So, the 
volum e o f sedim ent transported to  near area o f 
river mouths also reduced. This is the m ain  
íactors affecting to the erosion process in  Hai Hau.

Erosion has made im pact to the Coastal 
environm ent, altered the envừonm ent and 
a íĩec ted  to  hum an lives.

First, erosion caused loss in  land-an 
essential resource to hum an beings. The erosion 
process from 1905 up to novv has lost a  very 
large area. Only from  1965 to 2001 in  Hai Hau 
district 2.1km 2o f  land \vas lost, cultivated land 
changed into tidal flat (Fig. 8,9). By loss in 
land, the num ber o f  residents living ncar shore 
íorced  to m ove into land, m ade population

density increased so that increasing the life 
diíĩĩculty.

Fig 8. Church and villagc was desưoycd by crosion.

Fig 9. Tidal ílat was forraed by crosion

Erosion has destroyed sea dyke system  and 
reduced the ability to  prevent storm s and flood 
tidcs. In addition, erosion has made shoreline 
backed to m ainland that caused salinization, 
reduced quality o f  groundvater. Erosion has 
destroyed landscape, sea  beaches and affected 
to tourism  acrivities (Fig. 8,9 )

Eroding changed the geo.ogical environm ent 
onshore, destroyed ccosystem  o f  niangrove 
forest, destroyed hab itats  o f  many species.
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4. C onclusions R eferences

After the F landrian transgression, 
accum ulate-expanding delta had continuously 
developed to 1905.

The crosion process along Coastal zone o f 
the Red Rivcr delta from  1905 up to now has 
been caused by the intcraction o f  river-sca 
m otivations, changing in form  o f  shorelỉne and 
hum an activities.

For erosion process, the endogcnous 
dynam ics expressed vveakly

Eroded shorelinc caiiscd great losses of 
property and cnvironm cnt.
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