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SUMMARY

Coastal countries are particularly susceptibld&impact of the multitude of activities out at
their sea borders. The sea borders of coastal wesi@tre at risk from deteriorating situation
brought on by the intense economic activity ana alseatened by international organized
crime, terrorism, drug and human trafficking so $keeurity of the every country is influenced
by various domestic factors as well as developmienteighboring countries and elsewhere.
According to the Article 3 of United Nations Conten on the Law of the Sea (UNCLOS),
state’s sovereign maritime area extends to the ¢ioté of its territorial sea, which is defined
as being as a maximum of twelve nautical miles fritva closest point on that State’s
territorial sea baseline.

Based on international law of the sea, the borderbetween two countries connected with a
sea, is the "median line" unless there would behemgrotocol between them, which defines
the sea border otherwise. "Median line" is defihaded on baseline. Baseline is a line over
the coast, which shows the lowest low water le@elmputation of the baseline requires tidal
observations and tidal analysis. Therefore, retdineof the sea border needs knowledge of
geodesy and hydrography. To our knowledge, no teahstudy based on marine geodesy
over the sea borders of Iran has been conducted.

This paper starts with review of all existed praigcand agreements on sea borders of Iran.
Next, all the coordinates of the borderlines aamgferred into WGS84 in order to be GPS-
usable. Eight possible ways for definition of tiMetian line" are considered and for each of
them the equation of the corresponding locus ierdghed. As a case study, the different
methods for definition of the median line are ugmdcomputation of the sea border between
Iran and Kuwait and the obtained "Median lines" eoepared with each other. The least
computed total area of Iran including the terrawbsea is 1,880,377 Km2, which significantly
differs from commonly mistaken calculated numbed @38,420km2 in which the territorial
sea area was excluded.
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Deter mination of accurate sea border lines of countries

Shabnam FARBOUD, Iran
1. Introduction

Coastal countries are particularly susceptibleh® itnpact of multitude of activities out at
their sea borders. The sea borders of coastal wesinare at risk from deteriorating situation
brought on by the intense economic activity anad #fseatened by international organized
crime, terrorism, drug and human trafficking so skeeurity of every country in influenced by
various domestic factors as well as developmentseighboring countries and elsewhere.
Marking borders requires knowing coordinates ohpoby using geodesy's abilities.

Marine geodesy's important roles are:

A: determination of sea baseline by tidal analybis measurement the changes of sea level
and harmonic analysis chronological series of tlthsages).

B: determination of median line by techniques okipon and information of plane and
analytical geometry.

C: marking sea borders by methods of position ersta.

This paper starts with some review of all existeokgrols and agreements on the borders of
Iran. Next, all the coordinates of the borderlimes transferred into WGS84 in order to be
GPS usable. The borderlines contain boundary rivessithern borders (Oman sea and
Persian Gulf) and northern borders (Caspian sesjoiitance of this subject is because of sea
borders of Iran are about 3000 km, 2045km of ibbgs to Oman sea and Persian Gulf,
855km to Caspian sea and other to boundary rivers as Aras, Atrak, Hirmand, Harirood
and Qaraasul.

Sea border in Caspian Sea starts from Astara RivAtrak river mouth in Hoseingoli Gulf.
Before division of Soviet Republics using was jamtnership but after division and violation
of protocol, no new protocol has replaced yet.

Southern Sea border starts from Qoatr to Hormémmigs on Oman Sea, 785kms long and to
Arvandrood, 1260kms long.

According to United Nations convention on the lafitlee sea (UNCLOS), state's sovereign
maritime area extends to the outer limit of itgiterial sea, which is defined as being as a
maximum of twelve nautical miles from the closesinp on the state's territorial sea baseline.
In southern of Iran, Marine law and territorial deetween countries is definite by protocols
and agreements excepting some gaps between Kuwait.

Territorial sea is usually computed by ebb linevést mark of sea in coast). Determination of
territorial sea has 2 types:

A: in straight coast without incision, territoris¢a is determined by a parallel of ebb line with
a width of territorial sea.

B: in coast with incision or when it was locatedrad a big rock or an isle, determination of
territorial sea will be more difficult; especiaifysome events don't appear in flow time. Then,
some points on the baseline are selected and glarafl lines between them with a width of
territorial sea show territorial sea.

Sea borders of two adjacent or opposite countresletermined by median line.
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2. Methodology
2.1 Seabaseline

Sea baseline is the base of determination of ¢eialtsea, monopolistic economic zone and
continental shelf. Then it is very important. Deteration of sea baseline is basis on low
water and in form of point, linear and mixture. Ergtination of sea baseline in each type
needs information of tide and spectral analysis

2.1.1 Tidal analysis

Observation of tide and processing of finding aatag harmonic analysis is the base of datum
chart and marine maps. Analysis of tide is for en¢ein the datum chart. Tide causes by
forces of gravity of sun, moon and other plandts.dppeared in different phase and range
depends on the shape and location of littoral regicGun, moon, orbits of their apparent
movement and angle of earth rotation. On the whelafive position of sun, moon and earth
cause different frequencies of tide observation.reviof tide ranges are belong to some
frequencies e.g.ZOy, Ki, $, Mo, Range and phase of the frequencies are usuatiputed
from analysis of tide gauges.

Accuracy of tidal analysis and charts and other lmens which are computed from the
analysis are function of some different factorshsas accuracy of observation, period of
observation, method of analysis and modeling antbgpheric condition.

Observations are done by automatic tide gauge.yAisabnd prediction also require data
modeling because analysis of tide needs knowledggiéncy of tide.

2.1.1.1Tide in half a day

It happens because of gravities of moon and rotatioearth around axe and contains two
ebbs and two flows in each day.

2.1.1.2Tide in a day

Frequency of this type of tide is because of grewibf moon and contains one ebb and one
flow in each day.

2.1.1.3Monthly tide and half a month

This type of tide is because of gravities of mood aun. Impressive forces of the frequencies
have 4 types: Spring tide, Neap tide, Perigeonn§pide, Apogeon Neap tide. Low water is
more important than high water because it is trstshaf determination sea baseline.

Datum chart of low water has some qualifications:

A: minimum elevation of low water never comes unitler

B: not be every low that shows unnecessary dips.

C: match with base surface of neighborhood.

Datum chart of low sea level is computed by threnfala:
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CD=a-1.1(AnztAsztAictAoy)
1.1 is for increase in accuracy

HAT

MSL

MLWS \

MLLWS

LAT

MSL Mean Sea Level

HAT High Astronomy Tides
LAT Low Astronomy Tides

MHWN  Mean High Water Neap
MLWN Mean Low Water Neap
MLWS Mean Low Water Spring
MHWS Mean High Water Spring
O There isn’t any unique rule for datum chart. Indsgning low water for Persian Gulf
Is used in Iran.

2.1.2 Topex poseidan

Traditional way for determination of baseline isabsis tide gauges. In this paper data of
Topex Poseidan are used instead of tide gaugemaheduties of Topex Poseidan are:

A: measuring surface of sea contained: dynamic adan, mean sea level, changes of
movement of sea and tide

B: update data for users

C: creation long-term observation for oceanic datian and changes

This satellite data is free for users.

In Oman Sea and Persian Gulf, there are 24 cqasitat of this satellite. 7 of them are in Iran
and others are in other countries. After 10 yeacheoint would have chronological series of
sea level and factors of tide are computed by MimmBquare of spectral analysis. Numbers
of points are insufficient and determination of bageline is difficult by them. But with these
points can determine middle line.

Satellite observations are two types: form of p@nt continuous and we use just form of
point. A chronological series of sea level is proghliby these 24 points closer to Persian Gulf
and Oman Sea. It takes 9.915 day from two obsenaf one point. After 10years 368 data
will be collected but all of them aren't good qtial. Topex Poseidan satellite records 122
other parameters then after 10 years product al2P8matrix. With chronological series of
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sea level in 24 points, factors of tide can be oateqh by Minimum Square of spectral
analysis to find low water in coastal zone. Obsegovneequation after omitting linear trend is:
Y (t) =aCosmit+aCos2mat+...
+RSin @ t+b,Sin2m,t+...

oj iIs known because tide frequencies are knowand b are computable by observation of
chronological changes in sea level by using MinimBquare. Minimum Square of spectral
analysis is better than Fourier analysis becausspattral analysis, entry of observation at
same intervals isn't necessary and it has freedsgred then it's possible to find and omit less
quality observation.
o=21/T
In this paper 6parameters of tide are consideredd&ermination of range and phase.
Selecting just 6parameters of tide is high accudaybservation of the satellite, shortness of
range of other parameters and decrease accuraalysefvation in the coast. Formula for 6
parameters of spectral analysis is:
Y (t) =aptaCOSmit+aCoSmyt+... +aCoSwet

+hsin o1t+bosin wot+... +bsSin et
According to unknown coefficient parameters maimiinimum Square is:

YD)\ /1 cost cosmut ...... Ccosmwgt Sinmit Sinmst ..... sinmgt \ /@ O
Y(t) 1 comait cosmat ...... coswet Sinmit Sinmat ..... Sinmet a
. 2d
gd
b
\Y(ts)/ \ 1 cosst cosmst ...... coswst Sinmit Sinwst ..... sinogt 7/ \ g /

Important point in chronological series for spelct@aalysis by Topex Poseidan is using
period of the satellite (9.915 day); if you omitl@ys, the result is 2 days.

T1=5,=12"=0.5rad

T,=M»=12.420601"=0.517525rad

T3=01=25.819342"=1.0758059rad

T,=K1=23.934470"=0.997269rad

Ts=MF=327.85898"=13.660790rad

Te=M=661.30927"=27.554552rad

2.2 median line

Sea border between two countries is determined dxjian line. The base of determination of
median line is sea baseline. According to UNCLC&hepoint in median line should be in
same distance from sea baseline of both count8ea. baseline is basis on form of point,
linear and mixture and 8conditions may be happened.

A: computation median point by two points in seadbi@e in two opposite coasts.

In this situation the middle point of the line beewn the points is aim.
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A
[
Pl (%a+xg)/2

(Yatye)/2
Accuracy of coordinate depends on accuracy of tainotp and not to their coordinates.

szpz( cTEXA + (szB)/2

B: computation median point by 3 points on two cpfBocoasts.
In this situation the middle point is intersectiohvertical lines on the middle lines of the

triangle.
B, P A
[} [}
eB;

P 1[( XA2+yA2)(YB2'yBl)+ ( X522+y522)(y31-yA)+ ( X812+y312)(yA-sz)]

2 , Ya(XB1-Xg2)*+ yBZ(XAZ'XBl);' YB1(XB2-XA) , ,
1 (XA“HYAT) (XB2-XB1) +( XB2 +YB2))(XB1-XA)+ ( XB1 +YB1)(XA-XB2)]

Ya(XB1-XB2)+ YB2(XA-XB1)T YB1(XB2-XA)

2

C: computation median point by using two lineswo bpposite coasts.
In this situation at first draw bisector of angktween two lines, next draw perpendicular line

from each point. Intersections of these four pedpaiars and the bisector are median points.
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\/a1‘+ b]_‘ =

( A1=YB2-YB1
1=XB1-XB2
C1= YB1XB2-XB1YB2
= Yaz-Ya1
Do=Xa1-XA2
\ C2= Ya1Xa2-Xa1Ya2
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Ax+By+C=0 sector
A=anV(a"+b2°)-a0V(a*+br?)
B=byV (a>+by")-byV(ar’+by)
C=c\ (a™+by")-coV(a +by?)

X(Xg2-XB1)-Y(YB2-Y81)- XB1(XB2-XB1)-YB1(YB2-YB1)=0 perpendiculaelin B1
Cb-B@l
P1 —~Ab¥Ba
Ca-Ag1
~Ab¥Ba
a= Xg2-Xp1
b= Yao-Ye1

Ce1=Xp1(XB2-XB1)-YB1(YB2-YB1)

D: computation median point by using a sea baseétinene country and one point in other
country

In this situation locus is a parabola which focusnpis known point and directrix is sea
baseline. Equation of parabola is:

B>

Ae

B]_.
(y-ya)2=4a(x-%)
a is distance from focus.

E: computation median point by using two sea basslin one country and one sea baseline
in other country

This situation is similar to C but in this situati@raw bisectors of angles of each sea
baselines of one country with sea baseline of othentry. Intersection of two bisectors is
aim.

Ne
Bs
\/ 4
Bl\
B Bs

F: computation the breakage of median line by ushtgsea baselines in each country
This method is basis on intersection of bisectdroor sea baselines. Breakages of median
line are Intersections of bisectors.
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G: computation median point by using a sea basé@hmme country and two points on the
opposite country

This situation is similar to D. median points areersections of parabola. Points are focuses
of parabolas and sea baselines are directrix.

Bl‘.... ""‘

H: computation median line by using some sea bhas®lbn each country
This situation is similar to F. median line is fardhbisectors of sea baselines two by two.

A4 ‘-—A.g\//
Al M
PP P

Bl‘\‘
B

3. conclusion

By transferation all existing coordinates into W@Sihd using Topex Poseidan data's, sea
baseline is cleared by tidal analysis and detenmgisiea baseline on Oman Sea and Persian
Gulf.

Eight possible ways for definition of the mediameliand its breakage are considered and and
for each of them the equation of the correspontbigs is determined. As a case study, the

different methods for definition of the median liaee used for computation of the sea border

between Iran and Kuwait and the obtained "Mediaadi are compared with each other. The
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least computed total area of Iran including theittaral sea is 1,880,377 Km2, which
significantly differs from commonly mistaken calatéd number of 1,638,420km2 in which
the territorial sea area was excluded.
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