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International MSc /! PM Programme in
Remote Sensing and
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JOINT PROGRAMME ORGANIZED BY

MK

Change of Directorate

As per 1 January 2001

Prof. Dr. Ir. Martien Molenaar

Professor in Geoinformatics and Spatial Data Acquisition
is appointed Rector of ITC

His predgcessor
Prof. Dr. Ir. Karl Harmsen
will stay at ITC as Professor in Environmental Systems Analysis.

As per 1 December 2000

Dr. Niek Rengers

has ended his second term as vice-rector

He will on a part-time base stay at ITC as Associate Professor in Engineering Geology.

on behalf of all staff and students of ITC
Seasons Greetings and a Prosperous 2001

Martien Molenaar st = =

Karl Harmsen @: e
T # JIK

I Remote Sensing & GIS Advanced School Office
NiekRengers T P.0.Box 15875-4416

K.N.Toosi University of Technology
1346 Vali Asr Avenue, Postcode 19697,
Tehran-Iran

[TC Phone:+98-21-8770006
P.O.Box ()' TC Fax: +98-21-8779476
. Bﬂ]\ E-mail:jik@ce.kntu.ac.ir

7500 A'A Enschede
The Netherlands

www:http://jik.ce.kntu.ac.ir
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Fig. 4. The direct topographical correction on gravity computed by the Motz formula. Contour interval = 1 mGal

some differences at the centimetre level. A mean
difference of 5.43 ¢m i1s computed in the test area. There
may be two reasons for these dilferences: more precise
treatment of the downward continuation correction and
the inclusion ol the long-wavelength information in the
new formula. Finally, it should be stated that our results
are approximalely the same as those obtained from the
Martinec and Vanicek (1994) formula. However, there
are significant differences with the Vanicek and Kleus-
berg (1987) formula.
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Fig. 3. Diflerences between topopraphically corrected gravity anom-

alies on the topography and on the peoid [mGal]

approximation for the downward continuation of

gravity anomalies on the geoid reaches 4.28 cm (the test
area was the one of the present study).

Il Naghshebardari NCC Journal

Table 1. Statistics of diflerences between the topographical cor-
rection on the geoid by the new cxpression and by the Moritz
formula [em)

Min Max . Ave SD

2.15 7.21 5.43 e

5 Conclusions

The direct topographical effect in gravimetric geoid
determination is composed of both local effects and
long-wavelength contributions. This implies that most
classical formulas may have some numerical problems
in representing of these long-wavelength contributions.
The classical formula of Eq. (7) requires that the
integrated area covers most of the globe to include the
long wavelengths, while a pure set of spherical harmon-
ics, Eq. (1), truncated to, say, degree 360, will not
contain the local details. We conclude that Eq. (21) may
be a suitable compromise between the local contribution
[represented by the classical formula of Eq. (7)] and the
set of spherical harmonics in Eq. (1). The results of
comparison with Moritz topographical correction show

No.44, Winter 200 |
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Fig. 1. Presentation of topography in the test arca [m]

procedure (see Vanicek et al. 1996). It should be
mentioned that downward-continuation procedures are
implemented with the point values rather than mean
values for the Poisson integral. In order to reduce the
effect of leakage of the data coverage for the integration
caps, the integration area is increased 6° in each direc-
tion, so that the area for which the downward contin-
uation would actually be computed is 13 x 13°.
However, to escape from the edge effect (the eflect of
leakage of the data coverage along the edge of the test
area), the original 1 x 1° test arca i1s used at the end. The
prescribed limit of convergence in the iterative process
is 10 pGal in Tchebyshev’s norm. The potential coelfi-
cients used in this study are taken from the EGM96
model.

The truncation error is computed in the test area
according to Eq. (31). This error reaches al most
5.6 mm. The eflect of truncation error on gravity
anomalies ranges from —0.21 to 0.25 mGal. As our
gravily anomalies are in discrete 6 x 10 cells, instability
of the downward continuation has not posed any
problem in our study. The given iterative scheme has
converged after 12 iterations. Figure 3 shows the dif-
ferences between gravity anomalies on the topography
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and on the geoid. The differences range from —33.65 to
59.56 mGal with a mean value of 3.29 mGal. We are
now in the position to compare the gravily anomalies
corrected by the new formula (including downward-
continuation correction) with gravity anomalies cor-
rected by the Moritz formula [Eq. (39)]. Figure 4 shows
the direct topographical effect on gravity using the
Moritz formula. It ranges from 0.58 to 19.23 mGal with
a mean value of 10.35 mGal.

The direct topographical correction is also computed
on the geoid. The statistics of differences on the geoid
between the Morilz and new formulas are shown in
Table 1. The results show a maximum difference of
7.21 cm with a mean value of 5.43 cm. There may be
two reasons for these differences. First, the Moritz in-
tegral formula suffers from the planar approximation
and only includes the short-wavelength contributions,
while both short- and long-wavelength information is
included in our formula. Second, the Pellinen approxi-
mation is used in the Moritz formula. The new formula
for the direct topographical corrections treats the effect
of .the downward continuation more precisely. Nahav-
andchi (1998) showed that the difference between an
accurate treatment by Poisson’s integral and the Pellinen
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it can be evaluated from a global gravity model (Vanicek
et al. 1996) as

Ty(P) = RPZZ n—1)Q

n=2 m——n

2y (H ) Tom Yom (P) (31

where

(8

O,(H, ) = /K"’(H,n/;,w”)!’,,(cus ) siniy di (32)
v
y is the normal gravity and 7,, are the polential

coeflicients taken from a global gravity model. The
modified Poisson kernel K™ in a spectral form is

n+1
K w) = S 20 i neosy) (3

n=0

The low-degree harmonics Ag, (L =1, 20) are also
subtracted from the gravily anomalies Ag at the surface
of the Earth, resulting in Ag*, which is the high-
frequency part of the gravity anomalies on the topog-
raphy (see also Vanicek et al. 1996). Ag; is computed
from the EGMY96 global model (Lemoine et al. 1997).
This long-wavelength part is downward continued,
separately. Finally, the contributions from the (down-
ward-continued) long-wavelength part and truncation
error are added to the short-wavelength part of the
gravity anomaly which is downward continued by the
iterative procedures.

The iterative process begins with (see also Vaniéek
et al. 1996)
k+1 k R m k
q; =g 41T(R+]1,) - K{,“f},‘ (34)

for the ith and jth cells, and the summation is taken over

all the cells contained within the integration cap of

radius . The initial values are
g = Bgi — Tg(P) = Mgy = Ag} — Ty(P) (35)

where

Once all the individual ¢* are calculated, we can obtain
the final gravity anomalies Ag* and the downward
continuation of gravity anomalies, DAg;, as

Agr =Y g™ (37)
1=0
and

DAg; =" q\"

=1

— Ty(P) - Ag.. (38)

We end up with gravily anomalies, Ag*, which are
downward continued to the geoid and can be used in
Stokes’ formula.

9 Nuaghshebardari NCC Journal

Moritz (1980) had derived a different correction term
to be applied to the gravily anomalies due to the to-
pography, as

2
:ﬂff H — Hp)2t5? do (39)

The topographical correction C is applied to the
anomalies at points on the geoid. In order to derive
this formula for topographical correction, Moritz (1980)
assumed that the gravily anomalies in a downward
continuation integral were linearly proportional (o
topographical height according to the so-called Pellinen
approximation. Hence, the resulling Moritz topograph-
ical correction includes the effect of the downward
continuation of gravity anomalies. This effect is, how-
ever, described somehow approximately since the linear
relationship between gravity anomalies and topogiaph-
ical heights describes the reality only approximately
(see e.g. Heiskanen and Moritz 1967).

Now we are in the position to compare our new
formula (including downward-continuation correction)
for topographical eflect with that of Moritz.

4 Numerical investigations

A test area of 1 x 1°is chosen. This area is located in the
north-west of Sweden and limited by latitudes 62 and
63°N, and longitudes 13 and 14°E. The topography in
this area, depicted in Fig. 1, varies from 354 to 1147 m.

The height coeflicients (/?),, are determined from
Egs. (4) and (5). For this, a 30 x 30’ digital terrain
model (DTM) is generated using the GETECH 5 x 5
DTM (GETECH, 1995a). This 30 x 30' DTM is aver-
aged using area weighting. Since the interest is in con-
tinental elevation coefficients and we are trying to
evaluate the effect of the masses above the geoid, the
heights below sea level are all set to zero. The spherical
harmonic coeflicients are computed to degree and order
360. The parameter pu= Gpo is evaluated using
G=06673x 107" m*kg™'s7? and p,=2670kgm>.
R = 6371 km and y = 981 Gal are also used in compu-
tations. In the integral equations a 2.5 x 2.5 (GETECH,
1995b) DTM 1is used. It should be mentioned that this
DTM is not adequate for computing the topographical
correction in practice. Denser DTM is in order. In order
to avoid leakage, height data are extended to 6° from the

“computation point.

First, the direct topographical correction is computed
with the new formula of Eq. (21) and applied to the
gravily anomalies. This formula is limited to the second
power of elevation /1. Figure 2 depicts the direct topo-,
graphical correction with the new formula on gravity
which ranges from —25.43 to 40.35 mGal with a mean
value of —1.35 mGal. It should be mentioned that these
corrections are computed at the surface of the Earth
and the corrected gravity anomalies cannot be used in
Stokes’ formula. We therefore investigate the downward
continuation of these topographically corrected gravity
anomalies by Poisson’s integral based on an iteralive
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Martinec and Vanicek (1994) divided the integration
area (o) into a near zone (o)) and a far zone (o),
resulting in

wv _ (MR (PHE -1 (307
SA(Hp)™ = +—=- f 7 | -5~ |do

L4l
pRE FTHE=HE (. o .o
+——§—ff 7 | — 3sin > do

L7

(SA.(!‘[p)ncw .

(22)
which dilfers from Eq. (21) by

L3 f/ H - H} s _3;:132 // (113 - 112);1,:

This difference has been evaluated in a test area in the
north-west of Sweden with a height variation between
354 and 1147 n. The maximum difference for the
maximum height elevation of // = 1147 m has reached
2.31 pGal. The difference between the two methods is
acceptable for a precise geoid determination in our test
area. However, it should be tested in different test areas.

(23)

3 Downward continuation of gravity anomalies
by Poisson’s integral

The new formula of Eq. (21) refers the gravity anomalies
to a surface with elevation /7 (Earth’s surface) and is
free of the downward-continuation of gravily anomalies
from the surface point to the geoid. The gravity
anomalies corrected by this formula thus cannot be
used in Stokes’ formula. The downward continuation of
these topographical corrected gravity anomalies must
first be carried out. Hence, we write

Ag°™ + 54" (Hp)™™ = f(Ag") (24)

where Ag* is the gravity anomaly on the geoid (the one
which is supposed to be used in Stokes’ formula), Ag°?
is the gravity anomaly coming from the gravity obser-

vations and function f is easily expressed (including the

spherical harmonics of degrees zero and one) by the
Poisson integral as (Kellogg 1929; MacMillan 1930)

_P(-2) [fAg :

where

Ag = Ag°™ + 5A(Hp)"™™

No.44,Winter 2001

t=R/r and D= /1 —2tcosy + 2. In this equation,
the spherical approximation has been used. Equation
(25) can be solved in different ways; for example by a
linear approximation as

oA
Agh = Agp — ——Hp (26)

This linear approximation makes sense if the higher
orders can be neglected, i.e. if the Taylor series
converges very rapidly.

Vanicek et al. (1996) proposed an iterative process to
solve the integral of Eq. (25), which is more accurate
than tlie linear approximation of Eq. (26). Fortunately,
the Poisson’s integration kernel vanishes quickly with
increasing distance from the computation point P. This
means that it is enough to integrate Eq. (25) over a small
area o9 around the computation point P, instead of the
whole Earth (). However, limiting the area of integra-
tion Lo gy causes an error which is here called the
truncation error. We have tested different radii of inte-
gration and found out that a radius of integration
g = 1° gives a truncation error of about 0.3 mGal (see
also Vanicek et al, 1996; Nahavandchi 1998). In order4o
achieve accurate results for the downward-continuation
correction, Poisson’s kernel is also modified by mini-
mizing the upper limit of the truncation error (Molo-
denskii et al. 1960; Sjoberg 1984; Vanicek and Sjoberg
1991). Describing Poisson’s kernel by K(H,y), the
modified Poisson kernel is expressed as

L
"(H ) = K () — 3 2 (1, )Py (cos )

n=0
(27)
where s, are the unknown coefficients to be computed.

from the following system of equations (see Vanicek and
Kleusberg 1987):

L
2::; ls,,(li,'f’o)efn(!/'o) =Qi(H, ) i=0,1,...,L

n=0

(28)
where
ein(Vo) = / Pi(cos lII)P,.‘(cos ¥)sin g dy (29)

Wy

and

0u(H, o) = f K(H,¥)P,(cos ) siny dy (30)

We have selected L = 20 in our computations.

As we are integrating the Poisson kernel over a small
area gp around the computation point, the contribution
Ty(P) of the rest of the world must be evaluated. Con-
sidering the smallness of this contribution after y, = 1°,
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_ Tty 2 H?
JA(Hp) = “ing [SH,, i Z n H (P)+ Z_{:,NH (P)]
(8)
Inserting
2n + 1

HA(P) = % /f 2P, (cos y)da (9)

%
and considering that
- R
an(COSl,[I) R (10)
n=0 ¥ 0
and (Heiskanen and Moritz 1967, p. 39)

R* [f H?* - H} .
——anfz(P) f/—-@——ﬁ do (1)
n—0 o 0 )

we arrive at

3R =
SA(Hp) = —% [511,%+—f]!,—0 do

R3[/'n,, 412 } (12)

In view of the fact that

R do
=webies = Ty 13
47‘[] £ (13)
a

we finally obtain

3u [f H* - H}

- —=d
8 f/ Ble o
a

2 1.12 - HZ
ey n
0

Comparing the classical formula of Eq. (7) with the new
one of Eq. (14), we obtain the difference
ASA(Hp) = SA(Hp)™ — 54(1)""

B 41t,uH2 3,{1/[1{2—,‘{2 (15)

SA(Hp)™ = -4—;;EH§

or, in view Eq. (13)

511:;1 3;: j] (16)

or, in spectral form

ASA(Hp) =

L 3n,u
ASA(Hp) = —ERTH” R
This difference is significant. The first term on the right-
hand side of Eq. (17) may reach as much as 0.36 mGal

widiad 7 (17)
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for H = 4 km, which cannot be neglected when a precise
geoid is Lo be determined. It is also evident that the
second term in Eq. (17) cannot be neglected either. For a
smooth topography, this term can be approximated by

31 H2 31:
;/j’ T ”Hf,o

where sy is the maximum polar radius. For example,
with s = 555 km (corresponding to a geocentric radius
of about 5°) and Hp =6 km it ranges to 0.04 mGal,
which cannot be neglected for a precise geoid determi-
nation. It should be noted that there might be some
other topographic reduction errors in high elevations
that could infer that the difference in Eq. (17) is
insignificant. They are not under investigation in this
study. In Eq. (14), the effect of bending the Bouguer
plate into the Bouguer shell (first term on the right-hand
side) and some long-wavelength contributions (second
term on the right-hand side) are present. However, the
problem with this formula is the third term, which only
considers the far-zone contributions,. where £, > H.
It has to be modified in some way to consider both the
far- and near-zone effects (see below).

Equation (17) shows that there are some long-wave-
length differences of power H?* between the classical and
the new formulas. The most likely explanation of this
difference is that the classical method suffers from the
planar approximation. Hence AdA(Hp) above can be
regarded as a correction to the classical method, which
leads to the formula -

OA(Hp)® — ASA(Hp) (18)

In order to modify Eq. (14) to consider both the far- and
near-zone effects, we rewrite Eq. (1) for a point P at the
lopographlcal surface only to the second power of H,
resulting in

n+ln
o4 (Hp) =~ 22 Z( ‘) %’Q(H’)mnm(m

SA(Hp)"™" =

(19)

Equation (19), similar to Eq. (1), can be rewritten as a
surface integral (see also Sjoberg 1998)

A 4
SA* (Hp)™" = — 4;‘“}!2 3‘“] ———H 2E s

2 2_2 ot 2 ’
P2 BB, i,

where £ = \/r} + r2 — 2rprcos Y, and rp = R+ Hp. As it
can be seen from the above equation, the first two terms
are the same as those in Eq. (14). The third term uses
¢ mstead of L’o and also an additional term

7 _[T f%y—]—,,ﬂﬁ do is present. These differences with
Eq. (14) take into consideration both the far- and
near-zone effects. Rewriting Eq. (20), therefore.
Eq. (14) is modified to
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be severely biased because of the planar approximation
in the derivations.

In this paper, we will start to compare the Vanicek
and Kleusberg formula, which is based on a planar ap-
proximation, with those based on a spherical harmonic
approach (a difference between planar and spherical
models). A compromise between these two methods is
derived. The gravity anomalies corrected with this
combined formula are then downward-continued to the
geoid by the Poisson integral. Finally, these downward-
continued gravily anomalies are compared with those
corrected with the Moritz formula for topographical
correction.

2 Direct topographical correction in Stokes’ formula

Nahavandchi and Sjiberg (1998) have derived a spher-
ical model for the direct eflect on gravity and the geoid
to the third power of elevation, /1. The direct topo-
graphical eflect on gravity at the topographical surface
of the Earth, point P, can be evaluated from Nahav-
andchi and:Sjoberg [1998, Eq. (20)]

SA(Hp) = — % [SH,% +3H2 +2 Z i) Vo (P)]

nm

38 L gl id
+ ‘"[ H} + 5 HpHp — 5

73
TA 2H,..

+Hp Y n(2n+9)(H?), Yom(P)

nm
- %Z n(2n + 7)(H*),,, Y,.,,.(P)l (1)
nm
The addition theorem for spherical harmonics yields

P0) = 3" Yunl(Q)Yun(©) @

m=-n

2:+1

where P,(r) is Legendre’s polynomial of order n,
t = cos s, Y is the geocentric angle between the compu-
tation point P and the running point, and Y,, are fully
normalized spherical harmonics obeying

if both n=n" and m = mw’

1 15
_ﬂ Yom Ypm do = { i
4n / 0 otherwise

(3)
and
(1), = /f 2 Yom do for v=2,3 (4)
Hp= (H")pYom = Y _Hy(P) (5)
n.m n—=0
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"y =R/2(1 - cosy)

s = Zz +111",,,., L(P) = Zz =l (6)

Here, P is a point on the topographical surface. It should
be mentioned here that all the series in Eq. (1) are
truncated in maximum degree and order 360, and
Nahavandchi and Sjoberg (1998) have shown that to
this degree and order all the series are convergent.
Nahavandchi and Sjoberg (1998) also showed that the
dominant part of the power series in Eq. (1) is the
second power of elevation //. The contribution from
the harmonic expansion series //° is smaller than 9 cm
everywhere. In order to be sure of the convergence of
Eq. (1), our preliminary comg)ulalions show that the
contributions from H* and H* can safely be neglected
(see also Nahavandchi 1998). ,

This harmonic presentation of the direct topograph-
ical effect is limited to the third power of elevation /f
and is very simple to compute. It is free from the
problems encountered in classical integral formulas,
e.g. the singularity of the integration kernels and planar
approximation. However, the harmonic expansion series
of H* and H? will include only the long wavelengths. In
order to incorporate all significant contributions from
both short and long wavelengths, an expansion of
spherical representation of H2 and H? to very high de-
grees is necessary, which is practically difficult and ruins
the simplicity of this method.

The classical integral formula.for direct effect de-
termination at point P, on the surface of the Earth,
can be approximated as (see Vaniek and Kleusberg
1987)

) 2 I8 g
sa(Hp)se = 15 /f ot dg - @
0

where pu=Gp,, G being the universal gravitational
constant, and py the dcnsnly of topography, assumed
to be constant (2. 67gcm 3); H, Hp = orthometric
heights of the running and computatlon points;
= 2Rsin(y/2); R = mean Earth
radius; and ¢ = the unit sphere.

This formula was derived from a planar model
taking into consideration only the far-zone effect where
#y > H, and the eflect of the near zone is missing. As
we will show later [see Eq. (14)], -another term which
cannol be derived from a planar model is also missing
in Eq. (7). This term, which represents a correction for
the sphericity of the geoid, has also been derived
(called Bouguer shell effect) in Martinec and Vanicek
(1994). It should also be mentioned that the accuracy
of power series used in the integration is limited to the
second-order terms in height. The classic integral for-
mulas are not practical for numerical computations,
as they require a global integration to include the long-
wavelength information. Thus, a compromise may be
in order.

Equation (1) can be reformulated as an integral
similar to Eq. (7). In order to achieve this, we first re-
write Eq. (1) to the second power of H as follows:
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The direct topographical correction in gravimetric geoid
determination by the Stokes—Helmert method
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Abstract. The direct topographical correction is com-
posed of both local effects and long-wavelength contri-
butions. This implies that the classical integral formula
for determining the direct effect may have some numer-
ical problems in representing these diflerent signals. On
the other hand, a representation by a set of harmonic
coeflicients of the topography to, say, degree and order
360 will omit significant short-wavelength signals. A new
formula is derived by combining the classical formula
and a set of spherical harmonics. Finally, the results of
this solution are compared with the Moritz topograph-
ical correction in a lest area.

Key words: Direct effect — Helmert condensation -
Spherical harmonics — Geoid

1 Introduction

The geoid is frequently determined from gravity data by
the well-known. Stokes’ formula. This formula is the
solution of an exterior-type boundary value problem,
implying that masses exterior o the geoid are not
permitted in the formulation. This is achieved mathe-
matically by removing the external masses or shifling
them inside the geoid (direct eflect). The masses arc then
restored after applying Stokes’ integral (indirect effect).

Recognizing that a valid solution to geoid determi-
nation would occur only if there were no masses outside
the geoid, Helmert suggested that the masses outside the
geoid be condensed as a surface layer at sea level in a
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Azadi Square, P.O. Box 13185-1684, Tehran, Iran

e-mail: h_nahav@ncc.neda.net.ir

Tel.: +98 21 6001090; Fax: +98 21 6001972
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spherical approximation of the geoid. A discussion of
some attributes of Helmert’s second method of con-
densation may be found in Heiskanen and Morilz
(1967), Wichiencharoen (1982), Martinec et al. (1993)
and Vanicek et al. (1995).

Sjoberg (1994) suggested a spherical harmonic ap-
proach to derive the topographical corrections. This
approach has been implemented by Sjéberg (1995a, b,
1996a, b, ¢) to the second power of elevation H and by
Nahavandchi and Sjoberg (1998) to the third power of
elevation 1. The direct effect is derived at the surface of
the Earth.

Two different formulas for the remove-restore
problem were presented by Moritz (1980) and Vanicek
and Kleusberg (1987). Moritz (1968, 1980) examined the
role of the topography to show a relationship between
Helmert's condensation reduction and the approximate
solution of the Molodenskii boundary value problem.
He derived the direct effect referred to the geoid. In
Vanicek and Kleusberg (1987), the classical boundary
value problem was restated and the solution was refor-
mulated. This reformulation led to the derivation of
expressions for corrections Lo free-air gravity anomalies
due to the presence of masses above the geoid, i.e. the
direct effect referred to the Earth’s surface. This means
that the gravity anomalies corrected with their formula
need a downward-continuation correction to be used in
Stokes’ integral. These two classical formulas are limited
to the second power of elevation /{ and suffer from
planar approximation. Wang and Rapp (1990) com-
pared the direct topographical effect in Moritz’s, and
Vanicek and Kleusberg’s approaches. They discovered a
significant difference between these two methods. The
difference was explained later by Martinec et al. (1993)
as being due to the fact that while Vanicek and Kleus-
berg’s results refer to the Earth's surface, Moritz’s
results refer to the geoid.

A recent description of the Stokes—Helmert method
for geoid delermination was given by Vanicek and
Martinec (1994). The specific problem on determining
the direct effect was treated by Martinec and Vanidek
(1994), who pointed out that the classical formula may
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CLASSIFICTION OF PHOTOGRAMMETRIC
IMAGES BY MEANS OF ‘SELF
ORGANIZING NEURAL NETWORKS

BY:A. Malian ,Ph.D Candidate

Neural Networks are computing systems that
continue to work - even if some parts of the network
fail to work properly or incorrect input are used. In
other words, concepts stored in a neural network
have some degree of redundancy.

In standard  classification = methods  of
photogrammetry, it is usually assumed that data of
each land cover class have Gaussian distribution ,
but neural networks work well even for strongly non
Gaussian data which is the usual case in real world.
In this article efficiency of self organizing neural
networks for classification of photogrammetric

images is studied.  (Farsi Section, Page \+)

DIGITAL MODELING OF PERSIAN GULF
TIDAL PREDICTIONS USING GIS

B.TAJFIROOZ,DARYA TARSIM
R.IKAMALIAN WATER RESEARCH CENTER
S.YARL JIHAD-E-DANESHGAHI, TEHRAN UNIVERSITY

Tide and tidal currnet phenomenas are concerned
with problems of marine transport , coastal
engineering and related deciplines. The first tide
tables published only for four ports at Biritish
Hydrographic Office on 1833.

The most coastal states produce tide tables.

[ranian Tide Tables published sincé 1996 by

hydrographic authorities.

Tide tables, published by the relevant
Oceanographic and Hydrographic Dep. are a
mandatory complement to navigational charts for
any vessel sailing in tidal waters, as well as coastal
engineering studies.

No.dd,Winler 2001

Until recently , tide tables were almost
exclusively in paper form, but the arrival and
widespread use of personal computers changed that.

Importance of Persian Gulf region is not hidden
to anyone, huge oil export and Marin trade in this
region makes it a strategic and geopolitics area. In
base of this importances the tidal predictions is a
necessary tools for marin navigation and coastal
engineering design and operations.

The introduction of Electronic Chart Display and
Information Systems(EGDIS) is now emphasizing
the need for digital tide tables.

In this paper we are intended to introduce a
sophisticated software in digital tide table for
Persian Gulf region.

Tidal computation of predictions are based on
NP159,SHM, forman-Godin model(10S,Canada).
Initial base information of Harmonic Constats of
Persian  Gulf region are drived by Iranian
observations and forigne resources.

All standard and secondary ports can be predicted
via software.

All coastal and intermediate locations of Persian
Gulf can be predicted in different forms,i.e.
graphical and digital.

This computer program provides predictions for
high and low waters and equi-spaced intervals. It
will be also presented in a multy platform version. It
is a master geographical interface showing the
location of standard and secondary ports on a small

scale electronic index chart. Via the Persian Gulf '

scheme(map) any location with geographical
coordinates can be drived. All commands can be
given through menus and icons in 4 simple using. A
pointer is used to indicate the geographical location
for which the predictions are required. Zooming and
panning are also provided to select locations in the
high resolution informations. This version of digital
tide table is prepared in windowns 9X/Nt/2000
environment  with profitional and programing
standards and has a relatively simple user menue
facilities .(Farsi Section, Page Y#)
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- Letters
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# FOCUS
- Abstracts of Some Papers and a paper from Dr.H. Nahavandchi
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