
VNU Ji>umal of Science, Earth Sciences 25 (2009) 223-231

A nalyse the íluctuation and water level trend 
in Saigon -  Dong Nai river system

Luong Van Viet*, Pham Dang Manh Hong Luan, Le Anh Tuan

Sub-Institute o f  Hydro- Metcoroỉogy and Environment o f  South Vietnam 

Received 17 November 2009

Abstract. Beside the eíTcct of gravitational íòrces, the vvater level in Sai Gon-Dong Nai River 
System is also aíĩected by non gravitational ĩorces such a wind, air pressure, rainfall and sea ỉevel 
risc. The purpose of this papcr is to simulate the vvater ỉevel o f these river based on the tidal and 
non-tidal constituents, from that assess the roỉe o f non-tidaỉ constituents to water variation. In this 
study, the none-tidal data used includes the wind fíeld at surface, sea ỉevel prcssure and the rainíaỉl 
in Sai Gon -  Dong Nai Basin. VVith the analyzed data series from 1980 to 2007, the resuỉls show 
thai after supplementing the non-tidal elements, the water leveỉ simulation quality is increased, the 
wind and rainíaỉl have an important role lo water ỉevel. The results also show that near river 
mouths, the vvater level raised 13 cm from 1980-2007 duc to the global climate change.
Keywords: tidaỉ harmonic analysis, non-tidal constituents, sea lcvel rise

1. C e n e ra liz a tio n

The D ong Nai -  Sai G on river system  
vvhosc w atershed area is approxim ately 45,000 
km  is the second largest river system  in the 
Southern provinces. These river system  
com prises o f  m ain rivers including La N ga, Be, 
D ong N ai, Sai G on, Nha Be and rivers ending 
up in G anh Rai bay. It is the w atershed 
covering  m ain econom ic zone in the South 
w hich has m any activities relaíed to  w ater 
resources, the dow nsưeam  o f  the area is low 
and vulnerable to sea level rise eíĩects. 
T hereío re, short -  term  and long -  term  forecast 
o f  w ater level in this area is a signiíìcant 
dem and.
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Tide regim e o f  river system  in the 
researched area is sem i-d ium al type w ith tide 
am plitude pretty  h igh. A part from  the eíTect o f  
tide, w ater level varia tion  in the area is also 
aíTected by rainfall, w ind íìeld and a ir pressure.

The yearly  average rainfall o f  this 
vvatershed is 2028 m m  and concentrates mainly 
from M ay to N ov em b er w ith above 90%  [1]. 
The rainfall w hich is no t equally  distributed and 
m ainly  concen trates in rainy season caused 
signiíìcant e íĩec t o n  w ater level. In addition, 
dry season and  long  -  lasting heavy rains are 
also íactors that g reatly  affect w ater level 
variation.

The effect o f  w in d  on w ater level rise in the 
area can be c learly  seen in dry season. In this 
period, the vvind a t the sea surface has main 
direction from E ast to  South East. Due to the
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land -  sea interaction, there is sharp daily  
change o f  daily  w ind direction. From 5 am to 
12 am , the prevalent w ind direction is usually 
between East and East N orth East w hich nearly 
m atches the vvind direction on the sea. From 2 
pm to  2 am , due to the eíĩect o f  sea -  land 
wind, the prevalent wind direction is South East 
[1]. This vvind direction m atches the direction 
o f  river m ouths in G anh Rai bay, contributing 
to the transporting o f  salinity deep in the land as 
vvell as raising w ater level. Com pared with 
daily average w ind speed, the South East wind 
speed can increase from 1.5 to 2 tim es [2]. At 
areas near the sea, the w ater level can increase 
signiíìcantly  whcn this w ind zone is strong.

Due to the írequent appearance o f  wind 
w ith direction froirì N E to  SE  in dry seasons 
(from  the end o f  O ctober and lasting till the end 
o f  A pril), the w ater level rises and salinity 
intrudes to the land, w hich can bring on the 
e íĩec ts  on agriculture production so that the 
vvind is also nam eđ “C huong  W ind” in 
tradition. Hovvever, the m ost significant w ind is 
still SE wind because o f  its h igh velocily and 
due to  the fact that it runs parallcl to the river 
m ouths. A parl from the edge o f  Asia 
C ontinen ta l  cold high pressure system , Chuong 
W ind is also orig inated  from brccze and edge o f  
N orlh Paciiìc O cean high pressure system.
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Fig. 1. Wind rose o f February and July, Tan Son Nhat station.

Beside the effect o f  tide -  form ing forces, 
w ind and the rainíall in the area, there is also 
huge im pact o f  sea level rise due to  clim ate 
change on w ater level. The analysis o f  the roles 
o f  non-tidal factors on w ater level is strongly 
necessary in w ater level íbrecasting.

2. M eỉhodology and data used

2 .1 Methodology

The analysis o f  w ater level Auctuation and 
trend is bascd on ham ionic analyzing mcthod 
supplem ented with non-tidal elem ents. W ater

level at a certain tim e is considcred the sum  o f  
tidal vvater level and the affected part o f  non- 
tidal elem ents:

Z , = z ,  +  f ,  (1)

In which z ,  is the sim ulatcd w ater level at 

tim e t, z, is the tidal w ater level, z \  is variation 

part o f  the w ater level duc to non-tidal factors.

The tidal vvater level z t , accord ing  to 

harm onic analyzing  m cthod, was:
n

z ,  =  z n  +  c o s ( +  (  K  + u ) i -  g i )  ( 2)
i - 1 . n

F c b ru a ry
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H ere, Zois Uc constan t; H„ q„ g„ fh (Vo+u)i 
are am plitude, >peed and initial phase angle, 
am plitude sca ln g  íactors and phase angle 
offsets o f  ilh conitituent, with i = 1, 2, . . n and 
n is the n u n ib e ro f constitucnts. The values o f  f, 
and (V 0 + u), depend on time and can be look up 
from  table or calculated by astronom ical 
functions.

In th is study, com ponent z \  includes vvater 

level variation by w ind ( z *  ), air pressure 

(z ,p ), rainfall ( 2 * ) in the w atershed and the 

trend o f  w ater level rise due to global clim ate 

change ( z ] r ):

7 1 =  7 R +  7** +  7 p ' +  7 Tr' n ìz  Z ị t z ( T  z ,  (ó)

C om poncnts in z \  are considered the total 
o f  the linca r im pacls an d  equation  (1) can  be 

solved by linear regression m ethod w ith the 
foIlow ing steps o f  assum ing sub-unknown:

B y  a s su m in g  R l = f lH l a n d  

c  =  g,  ~ ( V 0 + u ị  , z t w ill becom e:

n

2 , =  2Ơ +  z  R iCOs(q,t - c ẽ)  (4 )
Ì-/

By assuniing x Ị  = R lcos(C l )  and 

x ‘ =  R ^ in íC ị ) ,  (4) can bc perform cd as:

z, = z0 + [coŝ C, M  + sinrc, )x2, ] (5)
i-l

By assum ing a lị  =  c o s(C ị)  and

a2ị =  sin (C ẳ)  , equation (5) becom es the 

follow ing linear equation:

z, = z 0 + Ỳ X a l ix l i + a2i x2i } (6)
i-1

In this study, com ponents o f  z ’i in equation 
(3) can be expressed by the following linear 
function:

m

ỵ t a3j x3J (7)
/=l

In this equation, m is the num ber o f  
affecting factors, a 3 j are constants, X3  is

affecting íactors, j  =  1, 2, m. W ith rainfall, 
the aíTecting factors include total rainíall on the 
w atershed accum ulated from lh  to 24h, 25h -  
96h, 97h -  264h and 265h -  624h before tim e t. 
W ith w ind specd and air pressure, aíĩecting  
íactors include w ind vcctor 10 m , sea surĩace 
pressure. These com ponents are averaged on 
the chosen arca w ith cum ulative tim e ranges Oh
-  lh , 2h -  5h, 6h -  I4h, 15h -  30h, 31h -  55h 
before tim e t. C om ponents expressing w ater 
levcl trend d r iv e n  by global clim ate is the last 
com ponent o f  z \  vvith value o f  (ỉ3mx 3 m in

w h ich  x3m is equal t.

Com bine equation (6), (7), and (1), the 

function períbrm ing Z t is:

Z,  =  z0 + Ẻ  ỉa / ‘x / < + <>2i x 2i ] +  zi (8)
/»/

Or:

z ,  = Zo +Ỳ Ả aI‘xI‘ +a2ix2í] + Ỹ ềa3j x3j (9)
/=/ >-/

W ith these transform ations, equation (9) has 
linear form with follow ing variables: x l Ễ , x2ị 

and x 3 j  . This equation  w ill be solved by

m ultip le linear regression m ethod w hich is 
based on m inim um  square m ethod. Hovvever, in 
o rder to choose su itable tidal as vvell as non- 
tidal factor, in this study, only  m ultiple linear 
regression is applied. T he sequential m ultiple 
linear regression is sim ilar to  m ultiple linear 
regression in w hich the equation quality gained 
is the best by rotating m atrix o f  affecting íactors 
chosen from equation building steps.

A fter solving out variables x l ẵ and

x2 ị through interm ediate steps, R, and £ á can be
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deíìned and then H, and g, can also be deíined. 
By replacing these values into (2), tidal water 
level wil! be deíìned at any given time.

In order to im prove the quality  o f 

z ,  m anipulation, the process to build the 

equation follows tw o steps belovv:

-  Step 1: Building a3J factors through

equation (9) for every m onth w ith  w ater 
level observed from 1980 to 2004.

- Step 2: Building values o f  H, and g, 
through one -  year data o f  observed 
w ater level chosen random ly from data 
series o f  tim e period from 1980 to 2004 
through equation (8) w hen the value o f  
z ' f  is s o l v c d  out from values o f  a 3 j .

The assessm cnt o f  the quality o f  the 
equation is through statistical ĩactors including 
F isher statistical index, the deviation o f 
regressive factors, defining factors, mean error 
and max crror. T hese factors are also 
determ ining factor for the num ber o f  w ave to  be 
chosen. The num ber o f  w ave w ill be dependent 
on the length o f  analyzing series and the 
features o f  every area. For the studied area, if

the length o f  data series is long enough, the 
num ber o f  w ave chosen will range from 18 for 
on and near- sea locations to  22 for locations 
lying deep  in the land.

Besides, the quality o f  sim ulating  w ater 
level is also assessed by observed  w ater level 

data w hich is not included to  build  , H, and 

g, factors. This data is taken from  2005 to  2007.

2.2 Data used

The data used in this s tudy  includes data  o f  
observed vvater level, rainfall, w ind and  air 
pressure. T im e range o f  these data series is 
from 1980 to  2007. The w ater level da ta  is 
hourly observed data. The rain íall data  is  daily  
data, the w ind and air pressure data  type are 
taken 4 tim es a day. In order to  transíbrm  these 
data to the sam e tim e resolution with w ater 
level data, thcy will bc be in terpolated  by using 
linear m ethod

T he w ater level m onitoring stations that are 
used in the analysis include V ung T au, N ha Be, 
Phu An, Hoa A n, Ben Luc and Tan A n. T he 
locations o f  these stations are illustrated  in 
Figure 2.

Fig. 2. Localion o f  water level stations.
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T h e  w ind an d  a ir p ressu re  da ta  are from  

global ream lyzed  data o f  N CEP in the 
follow ing link
http://w w w .cJc.noaa.gov/data/griddcd/data.nce

p.reanalysis.surface.htm l, these data have the 
resolution o f  2.5 X 2.5 degree. The chosen area 
from 102.5° to 112.5°E and 5° to  I5°N is 
illustrated in Figure 3.

Fig. 3. Surface wind field of the studied arca.

T he rainfall m onitoring data is taken from 
stations lying in the studied area, in order to 
im prove the quality  o f  sim ulation, som e stations 
nearby are also included. T he area for choosing 
rainfall m onito ring  stations is from 106° to 
108°E and 10° to  12°N. There are totally 13 
rainfall m onitoring stations taking part in the 
calculation including  Bao Loc, Bicn H oa, Dac 
N ong, Dong Phu, M oc Hoa, Phuoc Long, So 
Sao, Tan A n, T an  Son Hoa, Tay N inh, Tri An, 
V ung Tau, X uan Loc. A part from these 
stations, data from  12 rainfall gauging site in 
the studied area are also used. The data form to 
be used is the  average rainfall in pixel with 
resolution o f  0.5 X 0.5 degree.

3 . R esu lts  a n d  D iscussion

3 .1 The quaỉity o f  simulation o f  water level with 
the supplem entation o f  non-tidal components

A fter supplem cnting  non -  tidal 
com ponents, the  values o f  am ptitute (H,) and

initial phase (g.) o f  tidal w ave in vvater level 
sim ulation are changed. T he illustration o f  this 
change at V ung Tau station is shovvn in table 1, 
here, change m ainly occurs in tidal wave ssa, sa 
and k l .  In addition, there exist change in 
com ponent Zo, in V ung Tau station, the values 
o f  Zo before and after adding non -  tidal 
com ponents are -24 cm  and -22 cm 
respectively.

The quality o f  the  sim ulation o f  w ater level 
íluctuation with the  supplem entation o f  non- 
tidal com ponents is accessed through the 
determ ined coctĩic ien t and the mean error. 
T im e o f  assessm ent is the tim e range that was 
not included in buĩld ing the íactors a3j, H, and 
g , , from 2005 to 2007. There are tw o types o f  
assessm ent including:

- D etcrm ining the quality o f  the sim ulation 
o f  tidal w ater level by equation (2) with values 
o f  H, and g, built from  step 2.

http://www.cJc.noaa.gov/data/griddcd/data.nce
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- D eterm ining the quality  o f  the sim ulation calibrate the w ater level variation due to  non-
tak ing  in account com ponent z \  used to tidal íactors.

Table 1. The amplitude and initial phase values of tidal wave in Vung Tau station

No. Symbol Phase (°/h)
VVithout non-tidal Element With non-tidal Element
H, (cm) g, (°) H, (cm) g,(°)

1 m2 28.9841042 76.07120 63.76976 76.06539 63.76058
2 kl 15.0410686 59.36825 -33.73985 59.46649 -33.08949
3 ol 13.9430356 44.57975 -82.60097 44.57684 -82.59804
4 s2 30.0000000 30.09205 107.23598 30.06174 107.52096
5 sa 0.0410686 20.67649 -86.21850 20.00824 -86.52581
6 pl 14.9589314 18.86379 -36.50550 18.84166 -36.13764
7 n2 28.4397295 15.93458 40.51535 15.90711 40.57601
8 k2 30.0821373 9.27898 115.71067 9.33931 116.03352
9 qi 13.3986609 8.52208 -104.10203 8.49669 -104.27054
10 ssa 0.0821373 6.15398 91.27816 3.27434 105.56152
11 ml 14.4920521 2.02516 -71.72914 2.02822 -71.59688
12 j l 15.5854433 2.30905 6.97230 2.30199 6.40569
13 mk3 44,0251729 2.82627 -120.98422 2.82923 -120.94674
14 mu2 27.9682084 2.48928 -2.44140 2.48340 -2.40553
15 op2 28.9019669 2.07748 -94.18789 2.08401 -94.22076
16 2n2 27.8953548 2.43837 14.16457 2.44413 14.12801
17 ool 16.1391017 1.73745 33.41912 1.72919 33.24114
18 mo3 42.9271398 1.94380 179.61837 t.94238 179.56725

Time

Fig. 4. The observed and simulated vvatcr level in Jan/2007 o f Vung Tau station.

A ssum ing R2|, E ĩ| a re  defin ing coefficient 
and m ean error when sim ulating the tidal w ater 
level by equation (2), w hich m eans not taking 
into account the variation by w ind, a ir force and 
rain o f  w atcr level; R 22, Er2 are defining 
coefficient and mean erro r w hen sin iulating the

tidal vvater level by equation (2) in case the 
values o f  H, and g, already take into account the 
eíĩec t o f  w eather elem ents; R23, E r3 are 
deíìn ing coefficient and mean error w hen 
sim ulating the w ater level with the effect o f  
vveather elem ents is already taken into account
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(in equation (8)). The assessm ent result is based 
on the d iíĩerence beíbre and after

supplem enting the aíĩecting  
displayed on Table 2.

íactors and

Table 2. Change o f defming coetĩicient and mean error

Coefficient Vung Tau Nha Be Phu An Bien Hoa Thu Dau Mot Ben Luc Tan An

r22-r 2, 0.002 0.007 0.009 0.010 0.012 0.013 0.013

rV r 2, 0.007 0.024 0.022 0.032 0.026 0.029 0.028
Erl-Er2 (cm) 0.5 1.1 1.4 1.2 1.5 1.3 1.3
Erl-Er3 (cm) 2.2 4.8 4.1 3.5 3.4 3.4 3.2

Result from Table 2 shovvs that w ith the 
supplem cnting o f  w eather elem ents in building 
harm onic constants, the quality o f  sim ulating 
the tidal level is im proved w ith the mean error 
reduced above 1 cm from on-river stations. The 
m axim um  mean error for all stations đecreases
5 cm w hich is pretty m eaningfiil in building 
tidal w ater level tables. Table 2 also suggests 
that vvhen sim ulating w ater level w ith the 
supplcm cnting o f  vveather íactors, the quality  o f  
siniulation is im proved significantly. Except for 
V ung T au station w hich has m ean error 
decreasing 2.2 cm , the in river stations have the 
decreasing level o f  3 cm . The m axim um  error 
avcraged from  stations decreases 14 cm.

3.2 Analyzing the role o f  non-tidal componenís

T o see the e íĩe c t o f  rainfall, w in d  and air 
pressure on the variation o f  gauged w ater level, 
these com ponents are separated from 
coeíĩic ien t o f  sim ulating equation. in general, 
the sim ulating resu lt o f  the w ater level variation 
due to non-tidal elem ents has pretty good 
relationship w ith the  difference o f  the observed 
w ater level and the tidal vvater level. The nearer 
the station is to  the river m outh, the better this 
relationship is. F igure 5 is the illustrating result 
for V ung Tau station  in 2005.

£ o  
■*—' 
- C  

ơ> 
03 
X

Dỉfference of the observed water level and the tidal water level 

VVater level variation due to wind and air pressure

Vung Tau station, 2005 '  
-t-------1-------1-------1-------1— —I------- r~

p  O1*̂
§  5
9  9ỏ  ỏ

V—
5

r— •r- _ T— T—
p p o Ò p O p p Ọ p o Ọ

o
c

“ 5

Ò CN CNÍ r— T— T - o Ò Ò Ò> ó»
O i
c
(TJ

“ĩ
£3

u .

2 t ì L

ế

5 .
■

2

CN
3k
to

2

c  
3  

—>

co
c
3

—ì

CN
3

—>

0  
cn

1

(N
ờ)

I co

Fig. 5. The resuỉt o f simulating water level variation due to wind and air pressure.

T he role o f  the non-tidal com ponents on 
vvater level variation is show ed through 
Standard deviation (S) o f  w ater level sim ulating 
data series o f  these com ponents. The result is

show ed in T able 3. The statistical result 
suggests that at stations on the sea (V ung Tau 
station), s in dry season has values greater than 
in rainy season. This íeature is due to the
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diíĩerence o f  N orth East and South W est 
seasonal w ind in  term  o f  w ind velocity and 
direction as well as w ind period. At Nha Be and 
Phu An stations has sim ilar characteristics, 
hovvever, a t stations lying deep in to the land,

the eíTect o f  rainfall on s is m ore clearly. At 
these  stations, the value o f  s is pretty  high in 
the  end o f  dry  seasons (M arch and April) and 
especially  in the mid o f  rainy seasons (from 
Ju ly  to  Septem ber).

Table 3. Standard deviation o f  non-tidal w atcr level

Month V ung Tau N ha Be Phu An Bien H oa T hu Dau Ben Luc T an An

1 7.9 6.1 5.2 4.0 3.8 3.1 2.8

3 7.2 6.6 5.5 4.2 4.3 3.8 3.5

5 5.1 5.9 4.7 4.4 3.4 3.4 3.0

7 4.0 4.6 3.4 5.4 2.5 2.1 1.8

9 5.7 6.5 5.4 7.4 4.3 4.5 4.4

11 7.2 6.7 5.3 4.2 3.7 2.9 2.8

Table 4. Trcnd o f  water levcl ai observation stations during períod 1981-2007

Station V ung Tau N ha Be Phu A n B icn Hoa Thu Dau Ben Luc T an  An
T rend o f  w ater lcvel 

(cm)
13 12 11 9 8 11 11

taking into account non-tidal com ponents. The 
im pact o f  w ind on w ater levcl varialion is

The w ater level trenđ at obscrvation stations 
is deíined from a3m coefTicient, the calculation 
result is shown in Table 4. Due to calculation 
m ethod, this result is mean vvater level increase. 
This result show  th a t in the period 1978 -  2007, 
the average w ater level at observation stations 
had increased signiíicantly . The m aximum 
increase is 13 cm  at observation stations on the 
sea (V ung Tau station), w hich is approxim ately 
equal to the rising o f  w ater level at inshore 
stations o f  V ietnam  [3-5]. At stations on the 
river, the rising level is lower and has values 
ranging from 8 cm to  12 cm . Due to the fact 
that the accuracy o f  the result o f  w ater level 
sim ulating is not really high for the stations on 
the rivers, this is only  considered the 
referencing data.

C onclusions

considerable, especially in dry season. The 
rainfall also plays an im portant role to  the vvater 
level variation on thc rivers w hich is revealed 
m ost clearly  in the m iddle o f  m onths o f  rainy 
season. T he supplem enting o f  w ater level trend 
com ponent into analysis im proves the quality  o f  
the sim ulation and show s o ff  a rise a t alert lcvel 
o f  w ater level due to  global clim ate change in 
Sai G on -  D ong Nai river system.

In o rder to im prove the quality  o f  
sim ulation, it is necessary to  im prove the 
affecting factors especially  the data  o f  flow  in 
the upper stream . The application o f  this 
m ethod in íòrecasting w ater level in the  studied 
area is feasible w hen it is cooperated  with 
Products from w cathcr models.

The assessm ent show  that the quality o f  
w ater level sim ulation on Sai G on -  Dong Nai 
river system  is im proved considerably and 
m axim um  error decreases signiĩicantly  w hen
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