Grids and Datums

The Republic of Kiribati

Pronounced “kir-ih-bahss,” the islands were
originally settled by Austronesians thou-
sands of years ago. Around the 14" century
AD, the islands were invaded by Fijians and
Tongans. The first recorded European en-
counter with Kiribati was by the Spanish
explorer Quiros in 1606. By 1820, all of the
islands had been charted. At that time, the
Russian hydrographer A. I. Krusenstern gave
the group the name Gilbert Islands. Until
1870, many British and American whaling
vessels sought sperm whales in Gilbertese
waters. Starting in 1850, trading vessels
passed through seeking at first coconut oil
and later copra. In the 1860s, slave ships
known as “blackbirders” carried off island-
ers to work in plantations in Peru, Fiji, Tahiti,
Hawaii, and Australia. The male population
was decimated, and European disease
(measles) took a further large toll on the
“I’Kiribati” people. The Ellice group (now
Tuvalu — PE&RS, December 2001) and the
Gilbert Islands became a British Protector-
ate in 1892. In 1975, the Ellice Islands se-
ceded from the colony and became the inde-
pendent nation of Tuvalu. On 12 July 1979,
Kiribati obtained its own independence from
the United Kingdom and became a republic
within the Commonwealth.

Kiribati consists of a three-island group:
the Gilbert Islands, the Line Islands, and the
Phoenix Islands. These groups of islands
straddle the equator and the International
Date Line, about half way between Hawaii
and Australia. In 1995, The Republic of
Kiribati proclaimed that all of its territory
lies in the same time zone as the Gilbert
Islands group (GMT + 12). The total land area
equals 717 sq km, about four times the size
of Washington, D.C. The country is composed
of mostly low-lying coral atolls surrounded
by extensive reefs. The lowest point is the
Pacific Ocean, the highest point is on Banaba
Island (81 m). Twenty of the 33 islands are
inhabited, and the capital is Tarawa.

According to Russell Fox of the Ordnance
Survey, “We revised our Tarawa 1:50,000
map in 1997 and produced new 1:25,000
photomapping of the Line and Phoenix Is-
lands in 1995/96 using Australian Army
aerial photography, but we did not do any
geodetic survey work in that decade. | be-
lieve that a GPS survey, aerial photography
and new mapping (on WGS84) project was
planned for Tarawa for 1998/99 under Aus-
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tralian aid. The following notes summarise
what we know about Kiribati.

Background: The Republic of Kiribati (pro-
nounced “kiribass”) comprises the Gilbert,
Phoenix and Line island groups in the cen-
tral Pacific Ocean. Total land area 717 sq km,
total sea area 5.2 million sq km, greatest
extent 4000 km W-E by 2000 km N-S. The
modern republic has its genesis in a British
protectorate proclaimed in 1892, which be-
came the Gilbert and Ellice Islands Colony in
1916. Independence was granted to the Gil-
bert, Phoenix and Line Islands in 1979 as the
Republic of Kiribati. The Ellice Islands had
previously seceded, in 1975, as the Repub-
lic of Tuvalu. The International Date Line
passes through Kiribati, but the Government
of Kiribati has (legitimately) legislated that
the Line and Phoenix Islands will observe
the same date as the Gilbert Islands.

Survey history: The Royal Navy carried
out hydrographic surveys, based on astro
fixes, from the early nineteenth century on-
ward. Little survey and mapping work was
done by the British colonial authorities be-
fore WW2. Japanese military occupation of
the Gilbert Islands in 1941 lead to extensive
aerial photography and mapping by the US
armed forces, who drove out the enemy in
fierce fighting. Post-WW2: Aerial photogra-
phy: Gilbert Islands RNZAF 1962/63; USN

RNZN, British Military Survey and contract
staff between 1941 and the 1960s, and by
the Kiribati Survey Department in 1979/80.
DOS then brought those surveys together,
computing on Christmas Island 1967 Astro
Datum, International Spheroid, Kiritimati
Local [TM] Grid. The first modern survey work
in the Phoenix and Line Islands was the pre-
cise Doppler campaign of 1984/85. Mapping:
DOS produced 1:25,000 (a few sheets were
done at 1:12,500 & 1:10,000), photomap
series of all the islands between 1972 and
1996. The larger atolls, Tarawa and Kiritimati
(Christmas Island), were also mapped at 1:50
000 on single sheets. Generally two edi-
tions were produced, one showing the local
TM grid, and the other (for military use) UTM
grid. Early editions of the Christmas Island
sheet showed UTM Grid only. Southern
Tarawa was mapped at 1:2500 and 1:1250.”
All of these classical Datums are referenced
to the International 1924 ellipsoid wherea
=6,378,388 m, and 1/f=297.

Starting with specifics for the Gilbert Is-
lands Group, for the Abaiang Datum of 1962,
the Datum origin is at the first-order station
Flagstaff of Government Station, also called
HMS Cook Astro “H” where F_= 01° 49’
25.029"NandL =173°01'25.830" East of
Greenwich. According to a British Admiralty
Report of Survey file, “The Government flag-

Generally two editions were produced,
one showing the local TM grid, and the
other (for military use) UTM grid.

1964, Fiji Lands, Mines and Survey Depart-
ment 1968/69. The 1968/69 cover was used
subsequently by the Directorate of Over-
seas Surveys (DOS) for mapping. Line Is-
lands RAF 1950s. Phoenix Islands RNZAF
1962/63. All Kiribati, 1984/85, by the Royal
Australian Survey Corps, as part of Opera-
tion Anon, one of the Australian Army’s Pa-
cific Doppler campaigns.

Survey: DOS control surveys 1967-73, by
Tellurometer traversing, covered all the is-
lands in the Gilbert group, with each atoll on
its own astro datum and local Transverse
Mercator grid. International Spheroid (DOS'’s
default spheroid for the Pacific) was used.
Christmas Island was surveyed by the

staff on a coral rock plinth in the centre of
the Government Station — Taburao.” The lo-
cal grid is based on the Transverse Mercator
projection with the central meridian, |
= 172°55'E, the False Easting = 20 km, and
the False Northing = zero. The Scale Factor
at Origin is unity (m_=1.0). From Abaiang
Datum of 1962 to WGS 84 Datum, the con-
verted Doppler solution is DX = +254.8 m,
DY =-322.4 m, and DZ=-270.0 m. The Op-
eration ANON 1984-85 solution is DX
=+254.3 m,DY =-323.4 m,andDZ=-275.6 m.

For the Abemama Datum of 1944, the Da-
tum origin is at Signal Station, southwest-
ern tip of Steve Island (Station ‘Flag’), where
F,=00°27'36"NandL =173°49' 11"East
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of Greenwich. For the Abemama Datum of
1959, the Datum origin is at Cook Astro Point
where F_=00°24'19.02"N,L =173°55'
36.57" East of Greenwich, and H_=2.14m.
The local grid is based on the Transverse
Mercator projection with the central merid-
ian, | = 173°51'E, the False Easting = 20
km, and the False Northing = 100 km. The
Scale Factor at Origin is unity (m_= 1.0).
From Abemama Datum of 1959 to WGS 84
Datum, the converted Doppler solution is
DX = +289.4 m, DY = +656.2 m, and DZ
= +303.4 m. Note that the UTM coordinates
of local traverses depend on the position of
Observation Spot that was connected by
traverse to C where j =00°24'29.02"N
andl =173°55' 36.57"E.

For the Arorae Datum of 1965, the
Datum origin is at Arorae Astro Observa-
tion Spot where F_=02°38'36.7"SandL
=176° 49' 33.3" East of Greenwich. The local
grid is based on the Transverse Mercator
projection with the central meridian, |
=176°49'E, the False Easting = 10 km, and
the False Northing =500 km. The Scale Fac-
tor at Origin is unity (m_= 1.0). From Arorae
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Datum of 1965 to WGS 84 Datum, the con-
verted Doppler solution isDX = +221.4 m,
DY =-34.4m,and DZ=-21.6 m.

For the Beru Datum of 1970, the Datum
origin is at third-order station BRZ 10 where
F,=01°19'29.9632"S, L = 175° 59’
16.9134" East of Greenwich, and H =1.73
m. The local grid is based on the Transverse
Mercator projection with the central merid-
ian, IO = 175°59'E, the False Easting = 10
km, and the False Northing = 300 km. The
Scale Factor at Origin is unity (m_ = 1.0).
From Beru Datum of 1970 to WGS 84 Datum,
the converted Doppler solution is DX
=+179.9 m, DY =-595.3 m, and DZ
= +6.96 m. The Operation ANON 1984-85
solution is DX = +181.3 m, DY =-585.6 m,
and DZ=-7.2m.

For the Butaritari Datum of 1965, the Da-
tum origin is at third-order station BTZ 26
where F_=03° 15'40.629"N,L =172°41'
45.8381" East of Greenwich, and H, =187
m. The local grid is based on the Transverse
Mercator projection with the central merid-
ian, | /= 172°50'E, the False Easting = 20
km, and the False Northing = zero. The Scale
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Factor at Origin is unity (m = 1.0). From
Butaritari Datum of 1965 to WGS 84 Datum,
the converted Doppler solution is DX
=+253.8 m, DY = +6.1 m, and DZ
= +528.2 m. The Operation ANON 1984-85
solution is: DX = +254.2 m, DY = +3.2 m, DZ
=+544.2 m.

For the Kuria Datum of 1962, the Datum
origin is at HMS Cook Astro, Kuria 1962 where
F,=00°13'00.4'Nand L =173°23' 06.8"
East of Greenwich. The local Kuria and
Aranaka Grid is based on the Transverse
Mercator projection with the central merid-
ian, | = 173°30'E, the False Easting = 30
km, and the False Northing = 100 km. The
Scale Factor at Origin is unity (m_= 1.0).
From Kuria Datum of 1962 to WGS 84 Datum,
the converted Doppler solution is based on
a fourth parameter where a Z-axis rotation
is performed first (algebraically added to the
longitude), where R =102.84765" and then
the standard three-parameter shift is per-
formed where DX = +219.1 m, DY = -24.9
m, and DZ = +137.0 m. The Operation ANON

1984-85 solution is R = 102.804", DX
continued on page 783
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continued from page 781
= +218.6 m, DY = -24.8 m, and DZ
=+140.1m,

For the Little Makin Datum of 1972, the
Datum origin is at station Bikati Astro where
F,=03°16'19.90"NandL =172°40'36.21"
East of Greenwich. The local grid is based on
the Transverse Mercator projection with the
central meridian, | = 172°50'E, the False
Easting = 20 km, and the False Northing =
zero. The Scale Factor at Origin is unity (m_
=1.0). From Little Makin Datum of 1972 to
WGS 84 Datum, the converted Doppler solu-
tion is DX = +243.4 m, DY =+221.1 m, and
DZ = -104.1 m. The Operation ANON 1984-
85 solution is DX = +239.5 m, DY
=+189.9 m,and DZ=-121.6 m.

For the Maiana Datum of 1965, the Datum
originis at Maiana Astro 1965. The local grid
is based on the Transverse Mercator projec-
tion with the central meridian,| = 173°02'
E, the False Easting = 20 km, and the False
Northing = zero. The Scale Factor at Origin is
unity (m_=1.0). From Maiana Datum of 1965
to WGS 84 Datum, the converted Doppler
solution is DX = +215.5 m, DY =-27.9 m,
and DZ = -159.7 m.

For the Marakei Datum of 1969, the Da-
tum origin is at SW Point A where F =01°
58'58"Sand L =173°15' 22" East of Green-
wich. The local grid is based on the Trans-
verse Mercator projection with the central
meridian, | = 173°16'E, the False Easting =
10 km, and the False Northing = zero. The
Scale Factor at Origin is unity (m = 1.0).
From Marakei Datum of 1969 to WGS 84
Datum, the converted Doppler solution is
DX = +188.1 m, DY =-237.6 m, and DZ
= —185.6 m. The Operation ANON 1984-85
solution is DX = +188.7 m, DY =-229.9 m,
and DZ=-189.3m.

For the Nikunau Datum of 1965, the Da-
tum origin is at third-order station NKZ 7
where F_=01°23'28.9196" Sand L =172°
28' 46.4327" East of Greenwich. The local
grid is based on the Transverse Mercator
projection with the central meridian, |
= 176° 27'E, the False Easting = 10 km, and
the False Northing = 300 km. The Scale Fac-
tor at Origin is unity (m_= 1.0). From Nikunau
Datum of 1965 to WGS 84 Datum, the con-
verted Doppler solution is DX=+229.8 m, DY
=-38.4m,and DZ = -311.7 m. The Operation
ANON 1984-85 solution isDX = +230.3 m,
DY =-17.7 m,and DZ=-315.3m.

For the Nikunau Datum of 1959, the Da-
tum origin is at Government Flagstaff where
F,=01°20'44.37"Sand L _=176° 26'31.36"
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East of Greenwich. The local grid is based on
the Transverse Mercator projection with the
central meridian, | = 176° 27'E, the False
Easting = 10 km, and the False Northing =
300 km. The Scale Factor at Origin is unity
(m_ = 1.0). From Nikunau Datum of 1965 to
WGS 84 Datum, the converted Doppler solu-
tion is DX=+229.8 m, DY =-38.4 m,and DZ
=-311.7 m. The Operation ANON 1984-85
solution is DX = +230.3 m, DY = -17.7 m,
and DZ=-315.3m.

For the Nonouti Datum of 1965, the Da-
tum origin is at third-order station NNZ 14
where F_=00° 39'57.7067"S, L = 174°
26'52.1428" East of Greenwich, and H_=
2.62 m. The local grid is based on the Trans-
verse Mercator projection with the central
meridian, | 0 = 174° 20'E, the False Easting
=20 km, and the False Northing = 200 km.
The Scale Factor at Origin is unity (m,
= 1.0). From Nonouti Datum of 1965 to WGS
84 Datum, the converted Doppler solution
is DX = +221.9 m, DY =-99.5 m, and DZ
= —926.8 m. The Operation ANON 1984-85
solution is DX = +221.2 m, DY = -96.3 m,
and DZ = -935.1 m. Note that the UTM coor-
dinates of local traverses in 1963 of the
Nououti Survey depend on the position A
being j = 00° 40" 16.4" S and lo
=174° 27 28"E.

For the Onotoa Datum of 1970, the Datum
origin is at third-order station ONZ 7. The
local grid is based on the Transverse
Mercator projection with the central merid-
ian, | /= 175° 33'E, the False Easting = 10
km, and the False Northing = 350 km. The
Scale Factor at Origin is unity (m_= 1.0).
From Onotoa Datum of 1970 to WGS 84
Datum, the converted Doppler solution is
DX = +244.4 m, DY = +197.9 m, and DZ
= —243.1 m. The Operation ANON 1984-85
solution is DX = +245.2 m, DY = +203.7 m,
and DZ=-248.4m.

For the Tabiteuea Datum of 1959, the Da-
tum origin is at third-order station TBZ 1
Astro where F =01°28'05.6"SandL
= 175° 03'15.0" East of Greenwich. The local
grid is based on the Transverse Mercator
projection with the central meridian, |
= 174°53'E, the False Easting = 30 km, and
the False Northing = 300 km. The Scale Fac-
tor at Origin is unity (m = 1.0).From Tabiteuea
Datum of 1959 to WGS 84 Datum, the con-
verted Doppler solution is DX = +250.8 m,
DY = +235.6 m, and DZ=-377.2m.

For the Tamana Datum of 1962, the Datum
origin is at Astro Observation Spot where
F,=02°30'09.0"SandL =175°58'45.8"
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East of Greenwich. The local grid is based on
the Transverse Mercator projection with the
central meridian, | = 175°59'E, the False
Easting = 10 km, and the False Northing =
400 km. The Scale Factor at Origin is unity
(m, = 1.0). From Tamana Datum of 1962 to
WGS 84 Datum, the converted Doppler solu-
tion is DX = +202.3 m, DY =-181.6 m,and
DZ = +128.2 m. The Operation ANON 1984-
85 solution is DX = +206.8 m, DY = -159.8
m, and DZ = +95.7 m.

For the Tarawa Datum of 1966, the Datum
origin is at first-order station Tarawa SECOR
AMS 1966 where F_=01°21'42.13"Nand
L =172°55'47.27" East of Greenwich. The
local grid is based on the Transverse
Mercator projection with the central merid-
ian, | = 173°02'E, the False Easting = 20
km, and the False Northing = zero. The Scale
Factor at Origin is unity (m_ = 1.0). From
Tarawa Datum of 1966 to WGS 84 Datum, the
converted Doppler solution is DX
=+176.0 m, DY =-421.8 m, and DZ
= +282.3 m. The Operation ANON 1984-85
solution is DX = +184.0 m, DY = -356.3 m,
and DZ = +287.5 m. For the Betio Anchor-
age Survey of 1959, note that the UTM coor-
dinates of local traverses depend on the po-
sition C beingj =01°19'42.98"Nandlo
=172° 58 31.747"E.

For the Line Island group, according to
John W. Hager, the origin is at Station Bea-
con on Kiritimati (Christmas Island) where
F,=01°59'08"Sand L =157°29'00" West
of Greenwich. Established by N. J. Till, hy-
drographic surveyor, M.N.Z.1.S. in April-Sep-
tember 1941. English Harbor Observation
Spot on Tabuaerau (Fanning Island) is the
Datum origin where F_=03°51'23"Nand
L =159°21'50" West of Greenwich.

For the Phoenix Island Group, Birnie Is-
land Astro is where F_=03° 35'07.875"S
and L = 171°31'03.194" West of Green-
wich. Kanton 1939 Datum at the American
Eclipse Expedition Pier, USS Bushnel where
F,=02°49'07.2"SandL =171°42'53.5"
West of Greenwich. The position is described
as a monolith on the western side of the
island. Kanton 1963 is where F_
=02°47'20.0"S+0.3", L _=171° 39 49.0"
+ 0.3" West of Greenwich, and the reference
azimuthisa_=75°15'19.15"+0.15"to CAN
AZ1 from south (USC&GS second order).
Canton Astro 1966 at Canton SECOR Astro
is where F_=02°46'28.99"S +0.04", L |
=171° 42' 53.5" + 0.05" West, and the azi-
muth is a = 385° 51' 02/65" + 0.11" (SIC)

continued on page 784
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continued from page 783
from SECOR RM-1 to TBM #3 (SECOR AZ
MK) from South, referenced to the Interna- 2002'2003 IGIF Stude“t AWaI'dS

tional 1909 ellipsoid. Enderbury Island Astro

is where F = 03° 08' 30.140" S. L The International Geographic Information Foundation (IGIF) proudly an-

— 171° 05' 34.95" West of Greenwich. and nounces the continuation of its two student award programs. These awards
the reference azimuth isa = 179° 04' 00.69" are based on merit for significant contributions to the fields of mapping and
to Bas. The Gardner Island Astro Datum is the spatial sciences.

where F_=04°40'18.85"S,L =174°32'
27.71" West of Greenwich, and the refer- Best Student Paper

ence azimuth isa = 252° 25' 24.41"to sta- One or more awards of $1000 or less will be given for the best student paper at a
tion Line. The Hull Island Astro Datum is Conference sponsored by one of the IGIF’'s member societies in 2003. To be eligible, the
where F_=04°29'15.263"S,L _=172° 10 paper must be accepted through the normal approval process for this event. It may be
15.188" West of Greenwich, and the refer- authored by more than one person, but the lead author must be a registered graduate
ence azimuthisa_=001° 50' 22.20" to sta- student from an accredited college or university, and that student must take the lead in
tion Base. The McKean Island Astro is where presenting the paper at the specified conference in 2003. If a Proceedings volume of
F,=03°3551.375"S,L =174° 07" 37.522" papers single-authored papers.

West of Greenwich, and the reference azi-
muth is a = 005° 04' 59.26" to station North. Best P roposed Research

The Phoenix Island Astro is where F One or more awards of $2000 will be given for the best research proposal by a graduate
=03°43 13'375_” S L,=170° 42 56'00‘_1" student. The award(s) will be presented at a Conference sponsored by one of the IGIF’s
West of Greenwich, and the reference azi- member societies in 2003. An initial grant of $1500 will be made at the time of the award.
muth is a,= 309° 23' 37.76"to station South. It is expected that the proposed research will be sufficiently completed so that the
Sydney Island Astro is where F, results of the project can be reported in a paper presented at a conference in the year,
=04° 26 57-975_" S L,=171°15 43'88?' 2004, selected by the Awardee from those sponsored by one of the associations or
West of Greenwich, and the reference azi- societies supporting the IGIF. The Awardee must have the paper accepted through the
muthis A =009° 45" 57.97" to station Nee. normal approval process for the conference. If aProceedings volume of the papers pre-
Forboth the Line Islands Group and the Phoe- sented during the event is published, the paper must appear in that publication. A final

nix Istands Group, the ellipsoid of reference $500 will be awarded following these events.
is the Clarke 1966 unless otherwise noted.

Thanks again go to Russell Fox of the UK. | Eop | /|GIF Student Scholarship Awards

Ordnance Survey; John W. Hager, retired from

AMS/DMA/NIMA: and Richard W. Stevenson, The International Geographic Information Foundation (IGIF) is pleased to announce the

head of the Reference and Bibliography Sec- availability of three (3) to five (5) ESRI/IGIF student scholarship awards amounting to

tion, and Gary Fitzpatrick, senior reference $1000 each for 2002-2003. This unique scholarship program is made possible through the

librarian, both of the Library of Congress: generous IGIF Endowment established by Laura and Jack Dangermond and the Environ-
mental Systems Research Institute (ESRI).

and David Llewellyn, senior draftsman, Lands ) )
and Survey Division, Bairiki, Tarawa, Repub- The ESRI/IGIF student scholarship awards will be presented at a Conference sponsored

lic of Kiribati. by one of IGIF’'s member societies in 2002-2003.

4 Application Information:
Cliff Mugnier teaches Surveying, Geodesy, ESRI/IGIF Scholarships are available to full-time students who are currently registered in
and Photogrammetry at Louisiana State Uni- an undergraduate or graduate degree program providing either a degree or an explicit
versity. He is the Chief of Geodesy at LSU’s specialization in some area of applied spatial data analysis or geographic information
Center for Geolnformatics (Dept. of Civil and system (Gls) study at a duly accredited and recognized college, university or other
Environmental Engineering), and his geo- educational institution located within the United States of America. Applications for an
detic research is mainly in the subsidence of ESRI/IGIF Scholarship must be made in the form of a letter no more than three (3) pages
Louisiana and in Grids and Datums of the in length and supplemented, if necessary, by no more than two (2) pages of supporting
world. He is a Board-certified Photogram- illustrations.
metrist and Mapping Scientist (GIS/LIS), and This letter should specifically address how the ESRI/IGIF Scholarship funds will be
he has extensive experience in the practice used. Also, the letter should indicate the career goals of the student and how these funds
of Forensic Photogrammetry. will assist in meeting those goals.

Each student’s application must be accompanied by a letter from the student’s faculty

The contents of this column reflect the views of the advisor with an endorsement from the chairperson of the applicable department. A brief

author, who is responsible for the facts and accuracy of

the data presented herein. The contents do not neces- curriculum vita of the applicant and a copy of the applicant’s most recent transcript must
sarily reflect the official views or policies of the Ameri- accompany the application.

can Society for Photogrammetry and Remote Sensing

o uiana tate niversty Genter for Geoitor For complete application information, visit www.igif.org
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