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EXTREMUM SEA LEVELS IN VIETNAM COAST

Pham Van Huan

Department of Hydro Meteorology and Oceanology
College of Science, VNU

Abstract: A review of the vestigations on the sea level changes 1in South
china sea is presented and the methods of approximate caleulation  of
theoretical tidal extremes were explained in detail.

The sea level changes near Vietnam coast due to global warming and other
effects 1s evaluated to be from 1 to 3 mm per year.

IFor seven stations with full set of harmonic constants determined  the
theoretical extreme heights of tidal level by predicting hourly tide heights in a
20-year period. IMor other mneteen stations with 11 harmome constants of main
tidal constituents the theoretical astronomical extreme levels were caleulated
by the iteration method. The comparison showed a good agreement between two
methods.

The empirieal extreme analysis was carried out for 25 tide gauges along
Vietnam coast to evaluate the design values of sea level of different rare
frequencies.,

The analysis also showed that the tidal extremes and design level values of 20-
year return period are of the same range. The level values of longer return

period are affected mainly hy floods and surges.

1. Introduction

The extreme sea levels are study subject of many purposes. The maximal and
minimal values of sea levels and their occurrence probabilities are taken into

account in designing hydrotechnical structures.

The theory of extreme analysis of statistical mathematics 1s applied to the
hvdrometeorology with different distributions of the observed series of climatic and
hydrological parameters [3,7]. The main concepts of these methods will be

presented 1n section 2.1.

In the case that observed series of sea level are not long enough to apply the
procedures of extreme analysis theory, that usually happen in the design
investigations in the coastal zone and estuaries, one may use theoretical extreme
values of purely tidal levels.

In many practical problems the minimal theoretical level is assumed to be the
zero depth in tidal seas. This level can be calculated by subtracting maximal low
height of tide due to astronomical conditions from mean sea level. In some countries
this value 1s determined by analyzing a predicted series of tidal heights 19-vear
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long, one choose the lowest height among all low waters in the series. In Russia the

minmimal theoretical level 1s determined by known method of Viadimirsky.

Viadinursky method gives an analvtical solution of the problem with
harmonic constants of & mam tidal constituents. The rest tidal constituents are
taren into account approximatelyv. Reecently the calculations can be performed
ranidly in computers, evaluating extreme heights of tide can be carried out by more
dezailed schemes and the accuracy is improved by withdrawing a non-restricted
number of tide constituents into consideration [6]. Section 2.2 will explain in details
a scheme to implement this method 1n practice and in section 3 will presented the
apnlication results to obtain maximal characteristics of sea level in some region of

Vietnam coast.

The observation of sea level along Vietnam coast 1s mainly carried out by a
system of tidal gauges of the Vietnam Hvdrometeorological Service. Generally
speaking up to now the number of tidal gauges that belongs to Vietnam waters is
not manyv and the number of observation vears 1s not long enough. So there is no
much deal with the behavior of sea level in general and the empirical caleculations of

level extremes in special.

In some rare works there reported the results of analyzing changeableness of
sea level and the estimating the trend of sca level rise in the base of analysis of
observed series of sea level some vears long. The spectrum analvsis [2] showed that
besides the semiannual and annual periods, in the almost of tidal gauges

oscillations of period of 6 to 10 vears and longer exist (figure 1).
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Figure 1. Spectrum of sea level at tidal gauges Hon Dau and Quy Nhon

Table 1 hsts the results of estimation of the sea level rise by trend analysis
wth monthly mean level [2-4]. It is followed that the summary effect by the global
wirming and oscillations of sea bed in region of Vietnam coast causes a rate of level

rize about 1:3 mm per vear,
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Table 1. Rate of sea level rise at some points along Vietnam coast

Gauge Co-ordinates Observation Trend (mm /yca;)
years
" Hon Dau 20°40'N-106°49'E 1957-1994 21
Cua Cam 20°45'N-106°50'E 1961-1992 2,7
Da Nang 16°06'N-108°13'E 1978-1994 1,2
Quy Nhon 13°45'N-109°13'E 1976-1994 0,9
Vung Tau 10°20'N-107°04'E 1979-1994 3.2

A full cumbersome calculation of level extremes was performed in [1]. In this
report firstly hsted series of monthly average, maximal and minimal levels for all
gauges along Vietnam coast up to middle of ninetieth. The extreme analysis was
carried out by an asymptotic Gumbel function of probability distribution of the

extremes.

2. The method of study
2.1. Extremes analysis with empirical data

Assume V, the values of incidental variable V' at time / and

X =max{ Vo, Vb Ky =V,

m

One is often Interest i1n estimation the probability with which maximal or

minimal value exceeds a threshold, P{X'™ >x} or P{X ,, <x}. If the observations

on the hydrometeorological parameters are independent and distribute differently

due to distribution function F(x) = P{}’ <x}, the precise distribution of maximum

and minimum can be expressed:

PEX™ <xy=[F))™ and PUX,,, <x)=1-[1-F(x)" (1)

The extremes analysis theory says that with the enough length of sample m,
the probability distribution of the normalized maximum Y™ =(X* -u,)/b,,
b, >0 can be approximated by one of the three following forms of asymptotic
function

G (y)=cxp(-e ¥) (Gumbel function)
G,{(y) = cxp(-_vl ) y>0 k<0 (Frechet function) (2)

Gowy=expl-(-»)' “|, ¥<0. k>0 (Weibull function)
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and similar for the minimal value

H () =l-cexp(-¢ ")
H.o(v)=1-expl-(-3)" "] ¥y <0 k<0 (3)
Ho(v) = l=exp(=v" ). v>0 k>0,

These different forms of asvmptotic functions are dependent to the shape of
the trail of probability distribution /(x) (the right side for the maxima and the left
side for the minima}. In practice the sample conditions (the homogeneity, the
independence and the dimension) influence on the precision of the approximation by

the above asvmptotic functions.

Asvmptotic extreme distributions include three parameters: k -shape

parameter, 1, — local parameter and »_ - scale parameter.

n

Often, instead of estimating the distribution of maxima (or minima), one

executes a diverse problem: determine a design value, i. e. a value x|™ such as
3y (m) (m)§
/ {\ <%, }_ p. (4)

Otherwise x " is the quantile p of extreme distribution. Besides, one converts the

probability of the design value v, to return period 7" =1/(1- p), where 7 - the time

to be expected that threshold x, 1s exceeded for the first time, or the average time
between two above threshold events.

Using the asymptotic extreme distribution the design values can be easily

expressed. For example, with Gumbel distribution, one has:

v, =G ()= -log (- log p). (5)
Consequently, design value estimate with return period 7 =(1-p) ' years of the

extreme variable X may be calculated knowing parameters ¥ and b:

X, = hyp +u, (6)

where v, is also calied "normalized design value”.

A question of principle in the application of extremes analysis theory is the
precision of the approximation (2) or (3), 1. e. the question on the rate of
convergence of precise distribution of extremes /'™ to the asymptotic one, in
practical aspect, the precision of design value x, estimated by asymptotic

. . . . - . - ]
distribution in comparison with it's real value (but often unknown) xfﬂ"’ .
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The methods of estimation of extreme distribution aim at settlement the
question on the 1mtial series, the relatively short length of initial series. Tibor
Farago and Richard W. Kats [5] explain different methods to estimate the extreme
parameters and determine design values and their estimate accuracy. Section 3.3
presents the results obtained by applying these methods to series of annually

maximal and minimal levels of some tidal gauges along Vietnam coast.

2.2. Method of computing extreme values of tide

The tidal height above the mean level may be expressed by the following
formula

z, =Y I, H cosg,, (7)

where / - the reduce coefficients depended on longitude of the rising knot of lunar

orbit; f/{, - the average amplitudes and ¢, — the phase of tidal constituents.
Depending on the tidal feature, the height of tide may achieve the extremes

when longitude of the rising knot of lunar orbit N =0 (for diurnal tide) or N =180°

(for semidiurnal tide). In these conditions (N =0 ,180") the phases of tidal

constituents are expressed through astronomical parameters in table 2.

Table 2. Expressions of phases and reduce coefficients of tidal constituents [G]

Tidal Phase, ¢ Reduce cocfficient, f

constitucnt e o 180
A, 204 2h =2y E g._,,:_— 0,963 h _I 038
S, 2 -y 1,000 1.000
N, 21 + 2;,'._ 35+ p-gu. 0,963 1.037
LS 2042h-g,. - 1.317 0,74%
A, f+h+90 - £, 1,113 . (.8R2
o feh-25-90"-g, 1,183 0,806
h t-h-90"-g, 1.000 1.000
¢ teh-3s+p-90-g, 1,183 0.806
M, 4t +3h - 45 - 8, 0,928 1.077
S, U+ 2h- 25 - gy 0,963 1.038
A, 61+ 6h — 65 ~ g, 0.894 111K
Su h—g., 1000 1.000
SSa , 2h- g, 1.000 1.000
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In table 2 7 - average zone time from midmight, - average longitude of the

Sun, v - average longitude of the Moon; p - average longitude of lunar orbit
perigee; ¢~ special initial phase related to the Greenwich longitude.

The extreme heights of tide mayv be computed from (7) 1if the values of
astronomical parameters (A x and p, which form a combination corresponding to
an extreme condition, are known. Investigating on extremes the function z(f h.x5. p)
from (7), we obtain a syvstem of four equations with four unknowns 1 A s and p

whose values determine the extreme condition of the tidal height:

M sy +28;singy + 2N sing, +2K,sm@, 4 'f

Kismeo, +Oysme, «Fismg, +0, sme, + |

A sy, AN sy 6M sing,, =0 [

2M.sing,, +2N.sinp,. +2K.sing, +K smep, +

O, sme, ~1Iisme, +Q sme, +4M, sme,, + > (8)
S sinp o +6M sme,, +Sasme +288%0sm @, =0

2M s, +3N.sme +20,sing, +30 sme, +

M singy, +2MS smay o +6M sme,, =0

N.osmg, +Q sing, =0

’ ¢

where M, = f, H,, . S, = [ H ... SSa= [y H,

[f the approximate values of astronomical parameters corresponding to
extreme condition (. A" s’ p’) are known, we may lead equations (8) to a linear
form by Tavlor expansion. When approximate values of the unknown are
sufficiently close to the exact values (¢ A .5 .p,) the expansion can be resiricted
im first order items.

With designations of corrections to the approximate values of astronomical

parameters as following

.1’ - ’“ —if -

'

A=, —8

Ah=h,-h', Ap=p,-p',

the result of the expansion is a svstem of four linear equations with diagonally

symmetric coefficient matrix:

1‘ + /: =0 B (9)

where
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a b ¢ d, A /,
h. ¢, d, Ah /)
A= ) e X = , A= s
¢, d Ay I
d, Ap /s

a) £ 4M; cosp, +48; cospg +4N, cospy +4K; cosgy +
+K, cosp, +0,cosp, + 1 cosp, +() cosp, +
+16A1 cos @), +16MS, cosg,, +36M cosp,, .

h =4M, cosg, +4N,cosg, +4K,cos¢p, +K, cosg, +
+0, cosg;, — I cosg, +0, cosg, +16M, cos gy, +
+8MS, cos @y, +36M  cosgy, |
¢, =-4M, cosg,, —6N,cosp, -20, cos g, —3() cosg,
—16M ; cos ¢, —8MS, cos s, —36M ; cos @, |
d, = 2N, cosgy +() cosg, .

l, =2M, sing,, +2S,smnpg +2N,sing, +2K,sing, +
+ K, sin (p;;I +O;sing;, +P singp +( sing, +
+AM  singy, +dMS sin g, +6M singy,
by =d4M, cospy, +4N,cospy +4K,cosg, +K, cosp, +
+0, cos gy, + P cosgp +() cosg, +16M, cosg,, +
+4MS, cos s, +3I6M  cos @y, +Sacos gy, +455acos g,
¢, =—4M, cospy, —6N,cospy -20, cosg, —3(), cos@gy
-16M, cos ), -4MS, cos ¢, —36M cosg,, .

d, = 2N, cospy +() cosy, .

l, =2M,smgy +2N,smpy +2K,sng, +K; sm Px,
+O,sing, ~Pising, +(), sin Po, +4M singy, +
+ 2MS, s @y +6M sing,, +Sasin @y, + 288asin @,
¢, =4M, cos gy, +9N,cospy +40, cosg, +90, cosp,
+16M1 cos @y, +4MS, cos@y,e +36M  cospy, .
dy =-3N,cos gy -30, cos g, .

l, =-2M,sing,, -3N,sing, -20 sing, -30, sing,
~4M, s, -2MS sing), - 6M, sing;, .

d, =N,ycos@, +Q cosgy .

I, =N, cospy +Q cosg, .

@' - phase of the tidal constituents computed through approximate values of the

astronomical parameters (' k' y" and p’
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In order to compute the values of astronomical corresponding to extreme

condition {1 .A,.x,. p ) with a given accuracy the iteration method may be used. If
any correction among (A, Ah. As, Ap) obtained from solving system (9) exceeds in
magnitude a given value |5| the solution will repeated and then in order to compute
the coefficients of equations (9) we will use the phases ¢’ computed through the
values corrected of astronomical parameters:
1"=0" AT sT=8"+ AT RT=h AR pT=pt A
The loop is repeated until all corrections (A, Ak, As, Ap) obtained 1n solution

step ¥ of system (9) become less than |&!:
| <. tky] | ikl | 1| (k) af
Idf |.'.<.U: Y1, |as™ g.I‘-lp . ‘<‘,n,.
LI I\
Table 3. Values of astronomical parameters approximately corresponding extreme

condition [G]

Semidiurnal tide
Astronomical Minimal level Maximal level
parameters condition condition
' fy =90"+0,5g, 1 =180" +0,5g
' r= 270" +0,5g, ;=058
h' 0.5(8x, — &s,)
s’ O,S(gk-z - 8u,)
r 0,5(8x, = 38x, +28n,)

[f initial approximate values (¢". 4’5", p') close to real values (1,,h,.s,,p,) the

iteration rapidly converges. These values of astronomical parameters corresponding
te extreme condition may be calculate through four diurnal or semidiurnal tidal
constituents depending on tide feature. The extreme condition for four semidiurnal

tidal constituents and diurnal constituents is determined by the following

expressions:

- For semidiurnal tide: P, =Ps, =Pn, =Px, = 9.

- For diurnal tide: Pk, =Po, =Pp =Pg = ¢,

where ¢ =180" + 2m1— for the lowest level and ¢ = 360" + 2m1—~ for the highest level.

From these expressions follow the formulae for computing the approximate

S ’ (A" o
vilues of astronomical parameters {1’ h’ s’ p'} corresponding the extreme

cenditions (tables 3-6).
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In order to compute approximate value of average zone time 1’ there are two
expressions for the lowest condition and highest condition separately, since for
semidiurnal tide one day has two high waters and two low waters. The choice of
formula used in concrete case must be reference to the sign of supplementary
coefficients B and C (table 4). Coefficients B and C are computed by following

formulae:
B=0, cosa, + 1, cosa, +(), cosa, + K, cosa, (10)
C=0,sma, +P sina, +Q sma, +K,sina, |
@) = gy, ~058y, ~80, ~90"; @, =gy, ~05g,, ~g¢ -90"] .
_ . i
a, =gs, 0,58, ~8p -90", a, =05g,, —g« +90
Table 4. Conditions of the lowest and highest level [6]
Conditions of the lowest level Conditions of the highest level
t, when C >0 {, when B <0
t, when C <0 t, when B>0

Table 5. Values of astronomical parameters approximately corresponding to
extreme condition [6]

Diurnal tide

Astronomical parameters Conditions of the lowest Conditions of the
level highest level
r 0.5(gx, ~85) 0.5(gy, +8p) +180°
g 0.5(gx, - 87,) +90°
s’ 0.5(8x, — 80,) +90
P 0,5(gx, — 380, + 285 ) +90°

The choice of reduce coefficients to compute values f}H 1s depended on the tide

feature:

1) For semidiurnal tide, 1f (Hx. + HO1 )/ HM= <05 then f 1schosenfor N =180,
9) For diurnal tide, if (H, +H, )/ H,. >15 then f is chosen for N =0°;

3) For mixed tide, if 0,5 < (Hk.‘ +Hg, )/ H,, <15 then we must use the values

of astronomical parameters for both semidiurnal tide (table 3) and diurnal tide
(table 53). When compute with astronomical parameters of diurnal tide choose f for
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N =0 , when compute with astronomical parameters of semidiurnal tide choose 7/

for N =0 and N =180 . The highest level and the lowest level obtained by three

variants will be accepted to be the extremes.

We also compute the approximate values of astronomical parameters
corresponding the extreme conditions by Vladimirsky method; this method apphed
for 8 tide constituents. In Vladimirsky method the extreme heights of tide is

determined by consequently choosing values ¢, in the interval from 0° to 360°:

H =K, cosp, +K.cos(2p, +ay)+|R +R. + R
’ (12)
I.=K, cosg, +K,cos(2p, +a,)-|R +R,+R;| |r

where

R, = M2 +0] +2M.0, cos, .

R, = \/S +P° +28,P cost, ;

!

a, =8k, Y80, —8sm,7 Q2=8k, Y8 85,

Ay =gy +8p ~8y, a4 = 2;;A.l +g, —180".

The choice of reduce coefficients to compute values f/ is also made as the
above recommendations, i. e. with the semidiurnal tide / is chosen for N =180,
with diurnal tide / 1s chosen for AN =0. With mixed tide the computation 1s
performed with / for N =180 and N =0 and than the lowest and highest values
in two variants will be the extreme levels.

If compute extreme levels with 8 tide constituents then the last results are
obtained directly from the expressions (12). In the case other constituents are taken

into the computations, we must reference to values (¢, ),, and (¢ )., from

analyzing (12) to compute the astronomical parameters corresponding extreme

conditions 1 /.5, p and use them as the approximations to compute the coefficients
of equations (9).
The conditions of the lowest level:
(=03(e.),., +2s, [+90"
h= ((pk.l )mm 8y — (),5[(.!.‘3 )mm + s, ]~ 180" ;
= ((,")_,; ) o T N (}5[("‘ )m:n * 8, ]_ 180",
t .1.,‘[‘. o I.S[(l‘-] )l!.."'; L 'g.'-f: ]I' {([:\‘ )mm = ‘Q.“‘: ]“ 180 -

and the conditions of the highest level:

P= ((p,_; )

min
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(= 05e) e 85, )
h=(oy, ) * 85, -05f(e; ). + 8 s, |-90°.
8= ((p,‘.l )m‘ t 8y —(),5[(5;l )m_‘ * 8, ]—90" :

p= (V’A'. )m‘ 8y - l.ﬁ[(gl - R ]+ [(53 )M + 8y, ]- 90"

where
O, $In(7}) . mas
(1‘;! )mm max = art‘tg . ’
, M, +0, cos(7)) i max
}’1 sin(Tz )mln. max
(51 )mmm =arclg
) SZ + l)l COS(T| )mm max
Ql Sln( r] )mln. max

& ) =arcig
( 3 Jmun, max /\,12 +QI COS(rJ)mm.m:\x

(Tl )m.n_ mix = ((Dx, ) mun max 415
(TZ )mm max = (WA'[ )mln, max + az;

(T; )mm. max (‘OK, )mm_ max T3

The last extreme values of tide with arbitrary number of constituents are
determined from equation (7) using the values of the astronomical parameters

t,,h,,s,, p, corrected by the iteration method.

oY o*"o?

However, it is worth to make a note that computation of approximate values

of astronomical parameters ', A',s’, p’ by formulae in tables 3 and 5 is much simpler

than Vladimirsky method when the computation involve more than 8 tide

constituents

Thus the procedure of computing extreme levels may be performed due to two

following schemes:

1) Regardless what is the number of tidal constituents, due to formulae 1n
tables 3 and 6 determine the approximate values of the astronomical parameters
correspondig to extreme conditions, than correct these values by the iteration
method. Compute the extreme levels by equation (7).

2) Compute the extreme levels with 8 tidal constituents by Vliadimirsky
method. If the number of constituents is bigger 8 then compute the approximate
values of astronomical parameters of extreme condition for 8 constituents by
Vladimirsky method and correct them by the iteration method. Compute the
extreme levels by equation (7).

In some cases when shallow water constituents have such a big magnitude
that causes the approximate values of astronomical parameters computed by
formulae in tables 3 and 5 or by Vladimirsky method insufficiently closed to real

values (t,.h,.s,.p,) to meet the convergence of the iteration process in solution
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system (7). If a given number of iteration steps (for example, 8 or 10 steps) do not
provide the convergence of the results, one may use the method of consequent

approximations.

Each shallow water constituent of big magnitude is decomposed into a number

of constituents of the smaller magnitude:
1,11, cose, ~:nl [ H, cose, (13)
n

The number » is stated depending on the magnitude of tidal constituents. The
solution is performed in some steps, each step include all the calculations to correct
the values of astronomical parameters, 1. e. forming and solving system (9) and
iterative calculations as when to correct the astronomical extreme conditions at a
given step. For solving in first step astronomical parameters are computed by the
formulae in tables 3 and 5 or by Vladimirsky method; further, their values obtained
in each steps are used as initial values.for the next step. The magnitude of shallow
water constituents is increased from step to step to the full magnitude (for example,
in first approximation step the magnitude is chosen as —nl-_f;H‘ , In second step -
2

fH, ,instep n - fH, .

n
3. The results of computing extreme levels in Vietnam coast

3.1. Tidal theoretical extremnes for the gauges with full set of harmonic
constants

For the hydrographic stations with tidal gauges we had used a series of hourly
observed levels of one year duration to compute the full set of harmonic constants
(30 constituents or more). The hourly levels were predicted for a period of 20 years
(1980-2000). The lowest and highest levels chosen are presented in table 6.

Table 6. Theoretical extremes of tide at some stations along Vietnam coast

] : Mean sea leve] | Theoretical extremes (cm)
Station Co-ordinates
(cm) Lowest Highest
Hon Dau 20°40'N-106°49'E 185 -10 397
Cua Gianh 17°42'N-106°28'E 107 -16 201
Da Nang 16°06'N-108°13'E 93 11 175
Quy Nhon 13°45'N-109°13'E 160 74 248
Nha Trang 12°15'5N-109°11'SE | 121 8 227
Vung Tau 10°20'N-107°04'E 258 -26 412
Rach Gia 10°00'N -105°05'E 5 -48 90
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3.2. Tidal theoretical extremes computed by iteration method

For the stations with no systematic observation on sea levels we had used
series of hourly observed levels of duration of some days to compute harmonic
constants of main tidal constituents (by Darwin method or by the least squares
method). Than, from these restricted harmonic constants we used the iteration
method presented in section 2 to get the extreme characteristics of the tidal levels.
The results are written in table 7. In this table are also written the theoretical
extremes of tide computed for a period of 20 years to compare. It is showed that for
the case of restricted harmonic constants (11 constituents) the results by two

computations are the same.

Table 7. Results of computing extremes of tide for some stations by iteration method

ST Mean sea [teration method Predictec! 20 year
level (cm) pELod

Lowest | Highest | Lowest | Highest
Cua Ong 2150 0 472 2 470
Co To 204 -10 454 -7 454
Kien An 98 ~-14 215 -14 214
Dong Xuyen 91 -14 206 -13 204
Dinh Cu 58 -47 176 -46 174
Kinh Khe 133 57 214 58 214
Phu Le 41 -97 171 -97 169
Nhu Tan 83 3 166 4 166
Ba Lat 6 -108 126 -107 125
Mui Da 81 -64 207 -64 206
Vam Lau 30 -119 92 -117 107

3.3. Results of computing design levels from observed data

In this section we use series of the yearly minimal and maximal levels at
stations to evaluate the design levels with different return periods. In each year one
lowest level (or one highest level) was chosen to establish the sample series.

The author of [1] has built the empirical distribution curves by graphical
method for 24 stations along Vietnam coast. The results of the investigation showed
a good agreement between the empirical distribution curves and the first
asymptotic distribution function (Gumbel function). From that there computed the
level extremes with rare frequencies.

Table 8 presents an example that we performed by using different methods of
evaluation for distribution parameters presented in [5].
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The analyzing procedure was carried out for all the stations with the
observation of 15 to 35 vears long. For each station the design levels were computed
A g 4 I

by 9 estimating methods. Further, 9 values were averaged (table 9).

Table 8. Example of extremes analysis for station Hon Dau by different methods

a) Values of design levels (maximum)

Height {cm) related to return period

! Analysis methads = T —
{ 20 vears 50 years 100 vears
- Two parameters methods (Gumbel): | |
Method of moments (theoretical) 106 419 128
~ Method of moments (empirical) 109 422 1432
- Method of quantiles 112 426 436
[.inear unbiased estimates 111 4124 435
- Method of probability - weighted 118 435 448
- Maximum likelihood method 110 124 434
Three parameters methods (Jenkinson):
- Method of quantiles 404 413 419
- Method of probability - weighted | 414 424 434
- Maximum hkelihood method 404 413 119
Average of all methads: 410 422 431

b) Characteristics of empirical sample

N Series member Frobability Period N Series member Probability P’criod

Sorted | Normalized (yeurs) | Sorted | Normalized (years)
1 | 347 [-1,369 | 0,020 | 1,020 | 19 | 377 | 0449 | 0528 | 2,120
2 | 349 [-1,112 | 0,048 | 1,050 | 20 | 378 | 0,534 | 0,557 | 2,255
3 | 350 [-0946 | 0,076 | 1,082 | 21 | 379 | 0,623 | 0,585 | 2,408
4 | 351 |-0815 | 0,104 | 1,117 [ 22 | 379 | 0,715 | 0,613 | 2,584
5 | 351 [-0,703 | 0,133 | 1,153 | 23 | 380 | 0,811 | 0,641 | 2,788
6 | 353 [-0,603 | 0,161 | 1,192 | 24 | 380 | 0913 | 0,670 | 3,026
7 { 351 |-0510 | 0,180 | 1,233 | 25 | 382 | 1,022 | 0698 | 3,309
8 | 362 |-0423 | 0217 | 1,278 | 26 | 382 | 1,139 | 0,726 | 3,651
9 | 365 |-0,339 | 0,246 | 1326 | 27 | 384 | 1,266 | 0,754 | 4,071
10 | 365 |-0,258 | 0,274 | 1,377 | 28 | 386 | 1406 | 0,783 | 4,600
11 | 366 |-0,180 | 0,302 | 1,433 [ 29 | 390 | 1,562 | 0811 | 5287
12 | 367 |-0,102 | 0,330 | 1,494 | 30 | 391 | 1,741 | 0839 | 6,216
13 | 367 [-0,025 | 0,359 | 1,559 | 31 | 395 | 1,950 | 0867 | 7,540
14 | 368 | 0,052 | 0387 | 1,631 | 32 | 298 | 2205 | 0896 | 9,582
15 | 369 | 0,129 | 0415 | 1710 | 33 | 400 | 2,536 | 0924 |13,140
16 | 371 | 0207 | 0443 | 1,797 34 | 400 | 3,015 | 0952 |20,90]
17 | 371 | 028 | 0,472 | 1,893 | 35 | 421 | 3923 | 0980 |51,062
18 | 372 | 0,367 | 0,500 | 2,000 | |
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Table 9. Results of extreme level analysis (average of all methods)

Design levels (cm) related to return period
Number of
Station |observation 20 vears 50 years 100 years
S Highest | Lowest | Highest | Lowest | Highest | Lowest

Cua Ong 32 480 -2 491 -14 499 -22
Co To 35 467 ~-14 481 ~25 491 -32
Hon Gai 31 452 -14 464 =27 473 ~-37
Cua Cam 33 440 17 452 7 460 -1
Hon Dau 35 410 -6 422 -14 431 -20
Ba Lat 33 178 -179 192 ~188 203 -194
Hoang Tan 26 284 -163 319 -170 347 -176
Lach Sung 25 207 -136 230 -147 248 -155
Cua Ha 32 221 -182 238 -194 250 -202
Hon Ngu 25 393 -7 409 =) 421 -31
Ho Do 27 237 -132 262 -138 281 -142
Cam 32 242 -98 272 -104 300 -108
Nhuong

Cua Gianh 31 163 -148 186 ~153 204 -157
Dong Hoi 33 192 ~-144 217 -152 236 -158
Cua Viet 17 313 -1 357 ) 396 -7
Da Nang 15 287 9 323 3 349 -3
Hoi An 18 350 -34 401 -38 441 -41
Quy Nhon 16 290 27 299 20 306 15
Phu Quy 14 324 64 331 58 335 53
Vung Tau 15 434 -46 440 -55 445 -61
Vam Kinh 15 150 -325 168 -337 182 ~-345
Cho Lach 15 202 -161 207 -168 210 -173
Ca Mau 16 151 -61 168 -64 181 -67
Phu An 16 152 -253 157 ~264 161 -272
Rach Gia 16 126 -61 136 ~34 144 ~-66

4. Remarks and conclusions

For the stations with restricted set of harmonic constants {(less than 11 tide
constituents) evaluating theoretical extreme heights of tide by the method of
predicting 20-year series of hourly level and by the iteration method gives close to
each other results (see table 7).

Note that predicting tide in 20-year period takes great computer time, while
the iteration method allows more rapid calculation. Therefore iIn practical
investigation at the region where no gauges set up we should fulfil measure hourly
levels in some days to derive the harmonic constants of main tide constituents.
Than with the iteration method applied, we can compute the tide theoretical

extremes, which have a certain practical usefulness.
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The results of analvsis showed that the difference between extreme levels 1n
20-vear duration and the design levels of 20-vear return period 1s not bigger than

the analvsis error in the case of restricted length of used samples.

The theoretical extremes of tide have the sense of extreme levels. For
example, in table 6, the lowest level at Hon Dau in period 20 vears is ~10 em, the
highest 1s 397 cm. Due to results of evaluating extremes from empirical data the
design levels for return period 20 vears are -6 va 410 cm respectively (table 9). For
the return period 50 years «nd 100 vears the pairs of values are (-14; 422) and (- 20;
431) respectively. Obviously the lowest levels differ no much, consist of about 10cm.
At the same time the highest levels differ from each other up to 30 cm, this reflects
the influence of floods and wind surges. However, taking into account the large
dispersion of the estimates by different methods, this difference does not exceed the
error of estimation. For example, for station Hon Dau, in [1] the estimation by
graphical method gives results: for return period 20 vears: (-11; 435), 50 years:
(-19; 451), 100 vears: (-25; 462). With the method of averaging 9 variants that we
did, the pairs of values are: for return period 20 years: (-6; 410), 50 years: (-14;
422), 100 vears: (-20; 431) (table 9). The differences by now achieve 20 to 30 cm.
The difference between variants of estimation may be more substantial with the
shorter series. Therefore, the estimation of design levels by different method and
averaging results is the best way to provide real design levels in the case of short

series.

From the above analysis follows that the obtained here design levels have the
different reliability. For the stations with observation more than 30 years the

design levels in table 9 can be considered as satisfactory.
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1. Pyrkosodcmao no pacuemy 2uOpOIGIUMECKUX XAPAKMEPUCIMUK QIR NCCACAOEaMUIt N
usstckanuie ¢ Gepeeosoix 3onax 1 semvapuea, Havka, Mocksa, 1973

TAP CHI KHOA HQC DHQGHN, KHTN & CN. T XIX, N,1, 2003

MUC NUGC CUC TR1 0 VUNG BIEN VIET NAM

Pham Van Huin

Khoa Khi tuong Thiuy vin & Hai duong hoc
Dai hoe Khoa hoe Tu nhién, DHQG Ha Néi

Giéi thiéu téng quan nhitng két qua nghién citu vé bién thién muc nuéc bién &
bién Déng va trinh bay chi tiét vé cac phudng phap tinh toan gin dung cac cuc tri
thuy triéu ly thuyét.

Bién thién muc nudc bién gin bd Viét Nam do sy néng lén toan cau vi cac
hiéu ing khac dude udc ludng biang khoang tit 1 dén 3 mm mot nam.

V3i bay tram hai van c6 bd hing s6 diéu hoa thuy triéu diay da da xac dinh
dudc cac do cao muc triéu cuc tri biang cach tinh cac dé cao muc triéu tirng gio trong
chu ky 20 nam. V4di 19 tram khac c¢6 11 hing s6 diéu hoa cia ciac phan triéu chinh,
cac muc nude cue tri thién van ly thuyét dude ude luong bang phuong phap lip. So
sanh cho thAy hai phuong phap cho két qua kha phu hop.

Phép phan tich cuc tri thuc nghiém dudc thuc hién cho 25 tram muc nudc doc
bd Viét Nam dé udc ludng cac tri sé muc nudc thiét ké dng véi cac tdn xuit hiém
khac nhau.

Phan tich so sanh chi ra riang cac cuc tri thuy triéu va muc nude thiét ké chu
ky lap lai 20 nam cé d6 16n nhu nhau. Con nhitng tri s6 muc nudc thiét ké véi chu ky
lap lai dai hon bi anh hudng chu yvéu bai hién tugng lu va nudc dang.



