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PREFACE

In response to a requesi from the Government of Cook Islands, the
Government of Japén decided to conduct a study on Coastal Protection and
Pdrl Improvement and entrusted the study to the Japan International
Cooperation Agency (JICA).

JICA sent to Cook Islands a study team headed by Mr. Mamoru Amemiya,
Pacific Consultants International Co., Ltd., three times between October 1991
and March 1992,

The team held discussions with the officials concermned of the Government
.of Cook Islands, and conducted field surveys at the study area. After the team
returned to Japan, further studies were made and the present report was

prepared.

1 hope that this report will contribute to the promotion of the project and

to the enhancement of friendly relations belween our iwo countries.

I wish to express my sincere appreciation to the officials concerned of the

Government of Cook Islands for their close cooperation extended to the team,

August 1992

A

Kensuke Yanagiya
President

Japan International Cooperation Agency
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(2)
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CONCLUSION

~ Policy Obj'cctives

The project is proposed based on the following policy objectives of the

Government of Cook Islands.

Protection of the national land and the security of the nation against

‘natural dtsasters

- The “Cook Islands consists of 15 island situated from 156° I- 167° west

longitude to 8° - 23° south latitude.

Because of its location, the nation is attacked by cyclones every year and
suffers heavy damage, such as coastal erosion. This is espécially so on
Rarotonga * Isiand where the population is concentrated. Consequently,

heavy damage is ‘inflicted. on commercial and business facilities, the

airport, port and roads. during cyclones,

Of future concern are the electric cables, gas pipelines and water supply
lines that are buried along the coast, and other public f{acilities such as

schools and hospitals, that may be damaged if a strong cyclone strikes.

‘Maintaining a supply of items eésseéntiat for human- life and related

fundamental items.

Rarotonga Island has the most important transportation foot-holds, such as
the Rarotonga Airport  and Avatiu. Harbour. The transported materials

include items essential for -human life and related fundamental items.

Therefore, by protecting transport facilities and ensuring the Safety of

ship maneuvering, the nation's - social and economic stability will be

maintained.

Promotion of Industries

Future economi¢ growth depends upon  the promotion of industries in the
vmous region by uul:zmg prevanlmg natural conditions.
Thcrefore, certam famlmes such as a marina, will be needed as the core of

mdustry
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Morcover, becausc the basic purpose of a fishery

" Because of the current shortage of employment opportunities,

is to supply food 1o

inhabitants and tourists on the island, small craft mooring facilitics and

stock facilities ar¢ required.

Increase Employment Opportunities and Prevent of Populaiion “Outflow

the lébor
force, éspécially the you'nget workers, have sought émployﬁmnt' outside
the coumry:.- The people have vague _miégivings about fpture.'socia'l'—
cultural development. To crase these misgivings, it will be necessary Lo

increase employment opportunities and. promote the growth of industries.

Master Plan Policies

The following general policies should be taken into consideration in the
Master Plan for the coastal protection and port improvement of  Rarotonga

Island:

The scale of investment cost should be evaluated by comparing it ‘with the

benefits of the project.  The priority of project components’ should be

‘considered to obtain maximum investment efficiency.’

Long-term policies for coastal protection and port improvement should be
prepared. .~ This policy should be conducted based on both the long-term

land use plan and facility layout.

FEncouragement (o the industries should be taken into constderation.

The mitigation of damage to public utililics including port, roads, power
supply and water supply should be conducted. The tourism indusiry should
be . encouraged by the implementation of coastal protection work and port

improvements.

Most of the daily consumer goods are.imported through the gate port,
Avatiu Harbour. The harbour should be maintained not only as a transport

life line, but as a hub port 1o the remote islands.
Flexibility for future land use should be taken inlo account " since existing

available land for public use is so limited. New land should be generated by

reclamation along the Avarua Coast.
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The proposed'. Sy"stem in the Master Plan should meet . with the locality

including natural’ conditions and material availability.

Since tourism is one of the leading industries, adverse environmental

effects to the industry by the pi'ojecl should be minimized,

As staged devclopment plan should be prepared by considering the priority

of project components.
Initial Investment Cost for the Master Plan

The target - year of Masier Plan is 2010. The total initial investment cost is
60.80 million dollars: 27.99 million dollars in coastal protection and 33.10

million dollars in port improvement.

Coastal Protection Master Plan

Damag_e by Cyclone Sally amounted to 13 million dollars at current prices.
Total expected coastal damage by cyclones over. the next 30 years amounts to
120 million dollars. ‘This is cquivalent to damages caused by 9.3 Sally class

cyclones.

Coasts to be protected as proposed in the Master Plan were selected under

the following conditions.

i. Coastlines having an expected wave over-topping of more than 2 meters

ii. Coastlines with active erosion observed by the Conservation Departiment

or villagers
Coastal protection work should be considered at the following scven coasts:

a) The = shoreline between the northeéast corner at Village

Matavera/Tupapa to the east end of the airport (8,750 meter 10ng)

b) West of the airport (760 meter long)

c) The northwest shoreline (i,SdU meters) at Villages Poloinu LR. and
' 'Toke'raq/:Ina‘\'fc against coastal erosion. - ’I"his_‘arca is immediately south
of Black Rock where the lagoon width is the narrowest and is exposed to

“the northern direction from which l'argcr waves approach.

iii



d) The southwest corner (880 meters) at Village Aroa agai_n.st. coastal

crosion.

¢) The southwest shoreliné (200 meters) at Village Vaimaanga_agai_nst

coastal crosion.  This area faces Papua Passage.

f}y The 'southéast_ corncr'.(l',l'?O meters) at Villages Akdapuao and ‘Tikioki

against. beach erosion.

g) The cast coast (1,690 meters in total) at Villages Areite, 'Nukupﬁ_re, Aroko
and Avana. The shoreline (920 meters) at the first three villages
requires countermecasurcs against ‘beach crosion.  The remaining 7’_7(}m

at Avana coasl requires countermcasures againsi coastal. erosion,

"Of these, '5,468111' of coastlines wérf: finally éel'ecte_d fox"'p'rotection areas 'in
the Master Plan. The existing land use behind the proposed coasts and the

total project costs should be evaluated carefully.

- Urbanized area in Avarua 870 m
- Rural areas 4,178 m-
- Tourism  areas | 420 m

Tolal 5,468 m

Avarua coast should be reclaimed as a buffer zone ‘against cyclone wave
overiopping and new public spaces. This area, named the Port Park
Complex, should be utilized for road, car park, park and port cxpansion
area. Coastal protectibh work at Avarua should harmonize with the
propoéed improvement work for two harbours. The east breakwaters for
~both harbours should be lengthened to ensure a reqﬁired wave calm

condition.

The breakwater arrangements should be prerequ'isile for  both port'

improvemeni and coastal - protection.
Pori Improvement Master Plan

The primary objective of port improvement should be to provide proper
port facilitics and maintain a gateport 1o the island. This‘ is essential (o the.
" people and various industries here. Th'éfc is no other "éi:h'érrjnat:irve than to.
improve the existing two ports located along 'the" horthérn coést of the

tsland.



Following .are the proposed ideas for improving bolh Avatiu and Avarua

Harbours:

a)

b)

4G,

. d‘)

)

N

To provide a container storage arca to accommodate the increase in

_containgr cargoes.

To expand the east breakwater, the widih of the ecntrance channel,
turning - basin  and dépth_ of the quay. wall and the basin at Avatiu

Harbour to ensure the safety of large vessels.

To repair the existing quay wall.

To prepare the facilities of the fishery port for the increase in both
number and size of fishing boats to realize more fish catch. '

To construct a marina for the increase in the number of pleasure boats,

espectally large yachts to enhance tourism indusiry development.

To protect small fishing boats from high waves during a cyclone.

Estimated cargo volume, fish catch, number of vessels for ‘both harbours

arc as follows:

Short-term  Master Plan

Demands Year 1997 Year 2010

Trade cargo (Import) 46,400 FT 54,200 FT
Container | 1,390 TEU 1,730 TEU
Domestic Cargo 2,400 FT 2,800 FT
' Fish catch =~ 150 MT 200 MT
Calling vessels per year ' : o

- General cargo vessels 40 ' 507

- Tankers 14 16

- Pleasure ‘boats 190 ' 340
Required berths g |

- Pleasure boats 33 : - 60

- Fishing boeals : .35 . - 50

Note: FT =Freight Ton, 1 TEU =15 Freight Ton
" MT = Metric Ton



The required functions” al  Avativ and  Avarua Harbours are commercial
port, fishery port and marina. Function  allocation among the two ports

should be as follows:

Avatiu.Harb'our“----———-_ --------- .. Commercial port and Fishery

Avarua Harbour-----v----mmmmmmmmes Marina
The fishery sector should be located at the west basin of Avatiu Harbour.

The “berth 0§cupancy rate of the deep-sea berths for foreign trade in 2010
is anticipated to be about 31.3 percent. Thus, no additional berth for the
trade needs to be -constructed. The existing bcrth -depth o[‘ 62m should be

daepehed to ‘~.7.5-m for large vessels.
The width of the turning ‘basin should be at least 140 m.

The present transit sheds in Avatiu’ Harbour do mnot need to ‘be expanded.
The requlred CFS area is smaller than the present area; ‘thus no change may
be required in the Master Plan. The container storage arca (6, 800 m?) and

marshalling area (5,100 m?%) should be maintained.

Cargo handling equipment in Avatiu Harbour should be improved as

follows:
- Container , 5 Forklifts

2 Tractor-lrailers
- Conventional -cargo . 8 Forklifts

The fishery sector in Avatiu Harbour should be provided with a 230 m long
wharf for landing and lay-by purposes.  Sorting facilities and an ice

making plant should also be provided.

The ecast breakwater in Avatiu Harbour should be lengthened io ensure a

long stopping distance as well as wave calmness over 97 %.

Avarua  Harbour should be redeveloped for a marina where a 380 m long
wharf should be provided for. 60 pleasure boats- berthing. The east
breakwater in - Avarua ‘Harbour should also be lengthened to protect small

pleasure boats against prevailing ecaslerly waves.

vi
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(2)

Tnitial Investment Cost of Short-term Plan and its Evaluation

The target-‘_ycﬁf for the Short-term Development is 1997, The Shori-term
Plan  should consist of high priority components among the Master Plan

Development.”  The total initial investment cost amounts to 21.26 million

~dollars,
- Coastal Protection 8.46 million dollars
- Port Improvement - 12.80 million dollars

. According  10- the e¢conomic . analysis, an economic internal rate of return

(EIRR) is 10.7 %. Taking the important rolc of the project in' the national
economy into consideration, this project should be giveh the highest

priority ‘towards its implementation.

‘A financial analysis for the port improvemenl elements was conducted.

According to the analysis, a financial internal ratc of return (FIRR) is

3.9 % subject to the following two. conditions:

i. The operation and maintenance cost is decreased to 60 % or less than

the current state.
ii. The present port tariff is raised by 50 % to obtain a sufficient return.

Both TLT and WEC arc requested 1o conduct further austerity measures for a

stable port account.
Outline "of the Short-term Development

To protect the national land and to ensure the nation's safcty, appropriate
coastal protection will be undertaken in the project.
The area to be protected is the coastline since public uiilities, such as the

airport and port as well as the city cenvirons, arc in close proximity to the

coast,

To provide ‘coastal protection works in respect to natural disasters by wave

over-topping and coastal - erosion.  The location to be protccted ~will be

selected based on past damage and land use requirements at its hinterland.
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(9)

To cover the damaged arcas by coastal protection work.

- Coasial arca near the Health Dcpﬁrlmem and its surroundings

- Coastal arca in front of the Avarua urbanized areca '

- Coastal area in front of the fuel storage yards at the eastern end of the
existing airport

- Beach road near the MET

. Beach road at the northwest comer of the airport

. Beach road at the west end of the airport

Cyclones Val/Wase and Gene as well as. Sally should - be taken into

consideration when preparing the protection plan.

To maintain an adeﬁuéte suppiy of items essential for life and related
fundamental " items. ' '

The - improvement of breakwaters, the basin and . wharfs, and the
procurement’ of a tugboat in Avatiu Harbour will be undertakeri io
minimize damage to the port caused by cycloncs and to cnsure the- safcty of
ships maneuvering.

Additionally, to enhance pllyfsica]" dlstrlbullon, t'h'c procurement of

necessary cargo handling equipment is also considered in the project.

To cstablish and promote industries, such as tourism, the improvement of
breakwaters, the basin and the wharl in Avarua Harbour which is used for

regular mooring and emergency evacuation of small fishing crafts.

To create both comfortable and safely circumstances, a port-park complex
in the Avarua central coast that will function not only as a green zon¢ and

parking arca but also as a cyclonc buffer zome -will ‘be established.

To supply food to the nation’s people and to (lourists, fishery. related

facilities in Avatiu Harbour will be established.

By promoting indust;ics and, through the implementation of the project,
employment opportunities and the. number of permanent residents will

incrcase.

The aim of the above mecasures is towards the rcahzatlon of land protectlon

the safety of the nation, and a stabilized national economy.

viii



Total Evaluation:

Based on the above, the project can be considered to be in harmony with

the policy objectives of the Cook Islands Government.

Furthermore, if the current situation remaing unchanged, there is a strong
likelihood that heavy damage will be inflicted in the near future.
Therefore, given that = the primary aim of the project is to protect the
national land and to dcf(_:'nd it against natural disasters, the urgency of the

project should be recognized.

1t 'is concluded that the -Short-term Development Plan is feasible!
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RECOMMENDATIONS

The recommendations below concern matters noticed while conducting this study

and drafting the plans.

(1)

(2)

(3)

(4)

(3)

(6)

(7)

(8)

Action requested .of the Cook Islands Government

The government is requesied respectfully to pay special attention to  the

foIluwihg for the meaningful implcmentation of the. proposed coastal

protection and port improvement at Rarotonga Island:

The basic land use plan should be prepared orderly to. mect the island’s
development policy. In order o mcet future demands, a public space at the

Avarua urbanized ‘arca should be retained.

It is recommended that the coastal protection work conducted by MOW at

the Avarua Coasi and the surrounding coastlines be cxpanded.

The present distribution of building codes to villagers should be
maintained. MOW should give an appropriate advice (o villagérs {0 ensure

that their facilities are durable enough to withstand cyclones.

In respect to land ownership, the rights of tenants might graduaily be

strengthened.

To reduce overhead and enhance port operation and - management, ‘the

establishment of a port authority is strongly recommended.

The existing LPG and fuel storage facilities al the center of Avaliu Harbour

should be relocated to an appropriate site,

Dredged sandy materials in the port basin should be used for the

nourishment of beaches where crosion is critical.
Prohibition of sand digging should be maintained.

MOW should continue 1its efforts to establish a new quarry to ‘meet rock
demands during the Short-term Development.  Rocks sh.ould be the main

materials for coastal protection work; it is cheaper than concrete.



(9)

Utility mains, including water supply and power supply, '11011g the damaged

- coastal arcas should be relocated 1o a safety site.

(10) Road pavement at the northwest corner of the existing airport should be

(1

_..(2) .

strengthened by concrete instcad of asphalt.
Respect to Villagers Pcrceplion

One third of villagers understand ihat cyclone disaster here is the natural
disaster. However the other one third believe that coastal protection work

conducted in the past is not sufficieat.

Villagers' fequests to the coastal protcction are to plant trees along the
coastal bahk,_-{o prohibit sand mining and 10 construct such protection

structures as secawall,

The government is strongly requested to” pursue coastal protection work by

taking villagers' desires into consideration.
Development Circumstances

By covering the entire the island coasilinc, this project may have various
impacts. Since the proposed work should be -  concentrated. along the
coastlines  where existing major dcveiopmenls are located, it is essential for
the smooth construction 1o maintain- the  villagers' coop’eratibn and

understanding of. the project.

Development of the coastal areas can be achieved once the general
circumstances are improved. The most important step is to let villagers

participate in project preparation. To carry this out, the best effort to

_ improve the villagers' consensus of  the  project should be made by the

-government,

For better understanding of the project, a basic planning process should be

disclosed to -the villégers.

_For belter agreement on the project, the final layout together with

alternatives should be provided to the villagers.

xi
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(5)
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Data and information relating to the utilization of coastal areas and the
possible cffects of cyclones should be published and made. avaitable to the

villagers and to industries.

a) Coast File
Avallablc mformatmn should be kept on file as permancnt records, Thc
file shall include the physical characteristic and existing land use of

each section of coast.  This file may provide the people with - an

opportunity to lcarn about their coast.

b) Coastal Disaster Forecast .
Possible disasters by cyclone waves and surges should be shown on a

map and distributed to the public.

The government can not share all the responsibility  for cycldnef‘disastcrs.

The budget is normally limited in any country, thus budget ailocation 10 the

'project shall be carried out to selected projects having the highest

prioritics based on real demands. It is recommended that the private seclor
should do its best to protect their proper[’y' from cyclone damage. The
private sector should not locate their properiies in high risk areas. The
government may provide protection work at danger arcas if damage cannot

be prevented tlirough the cfforts of the private sector.

The government should locate their new property in safe places and should
provide protection measures for the existing facilities located in danger

zones. For project economy, relocation of existing facilities to safety zones

may be a possible choice. MOW is requested to-take the initiative in this

matter.

The Conservaiion Depariment should play a role in- controlling the
ordinary development of specified coastal arcas. The monitoring of the
coastal areas should be maintained. ~ The department shoﬁld provide

villagers with a proper explanation of benefits of coastal conservation.

A project executing agency should be established for smooth pro;ect
implementation.  Financial assistance, if so required, should be considered

by the government for better maimtenance efforts,

xii



(1)

Preparation for Project Implementation

For - smooth -project implementation and its  fruitful  completion, the

government should make necessary preparations.
Administrative Aspects

It is rccomménded that an organization for the project _impl_émemation be

" established.  Since the project covers various tochnical fields, participation

by related governmental agencies will be needed. The project will be

glyaﬁg_agcd by a project _expcutiﬁg agency under the multi-discipline task

force (MDT) which may consist of representatives from related agencies.

" (2)

(3)

Technical Aspects

The - executing agency should manage the detailed design of project
components together with  the preparation of Tender Documents. The

agency should also manage constfuction supervision.

At preéenl, ‘there is no firm cily master plan for the Avarua Urbanized
Arca. The ulilization of the new reclamation area, including the Port Park
Complex, should meet the proposed concept regarding city planning. MOW
may be the leading ministry for this task. Other public sectors and private
scctors should also participate in this arrangement. Since it faces the open
sea, the newly reclaimed area is not only used as a cyclone buffer zone but
also for improving land resources. The maximum utilization of this land

should be performed accordingly.

Financial Aspecis

“The proposed Short-term Development Plan will cost about 21.26 million

Cook dollars: 8.46 million for coastal protection and 12.80 million for port
improvement. It will iake about three years to compleie the construction

work.  Thus, approximately seven million Cook dollars should be paid to the

contractor “each year.

If the goveinment intends to obtain financial assistance from an external
monetary source, nccessary arrangemenis should be ‘made to meet the

construction schedule.

xiii



(1)

(2)

(3}

h is important to- remember that 1o

Consideration to - Better Environment

arism. industries here are. simply based

on natural resources. . Within ‘¢ertain’ limits, nature has the power to

recover from adverse environmental hmpacts. If the impacts override this

natural sustaining capacity, the ecosystem will gradually change.  The

costs required for maintaining the present ecosystem could be much lower

than that for recovering the cnvironment after being scvercly_: damaged.

To maintain sustainable cnvironmental ‘conditions, it is recommended that

continuous efforts be made 'to- provide coastal arcas with a beftcr future
environment. Necessary action to be taken by the government arc as

follows:
Investigation and Monitoring

It is recommended that periodical investigations be made of thé_ seawater
quality including, BOD, COD, HP and cotiform bactéria_.__ Tt is also
recommended that environmental standards be established by which

surveyed data can be evaluated.

Enforcement

It is reporied . that the Conservation Depariment is preparing water quality
regulations that will require the private sector to provide their own sepfic

tanks if they are located within thirly meters of the high water mark.

It is also recommended (hat large-scale coastal - developments be assessed to
minimize environmental impacts thal may severely damage the existing
environmental conditions and that measures lo mitigate the impacts be

instituted.
Advertising

At present, the island environment is generally good. It is, however,
recommended that necessary information be passed on o lhé villagers so
that they can understand -the importance of -maintaining .and protecting

the environment..
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Foreign Exchange Rate
1.00 Cook Dollar= 1.00 NZDollar = 69.1 Japanese Yen

(as of January 1992)

Currency used in this report is the Cook Dollar otherwise noted.
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1.1

Chapter 1 Introduction

This chapter deals with the background of the Study and thc aim of this

report along with other related _informa'lion.

Background of the Study

-Avarua-Avatiu  Area of Rarotonga Island is the socio-economic cenler of

~ the Cook Isl_ahds.' Avarua and Avatiu Harbours arc the hub ports in terms of

trade and domestic marine transport of the Islands.  These areas have

suffered a lot of damage by wave run-up and flooding due to waves surges.

Since the damage by’ C.y‘cl‘onc Sally in 1987 was - quitc severe, the
Government of Japan provided the Islands with a grant aid and dispaiched
an cxpert leam threc times. The team recommended an integrated coastal
protcction plan together with the port improvement of Avarua and Avatiu
Harbours, based on_the discussion between the Cook Islands Government

and the team as the result of site investigation.

In" April 1990, the Cook Islands Governmeni requested the Government of
Japan for a tcchnica_l'asSistance regarding the port improvement of Avarua
and Avaliu  Harbours and the coastal protection of Rarotonga Island. In
response l(_). this request, JICA dispatched a preliminary invéStigation team

and concluded the Scope of Work.

Subsequent 6 the signed Scope of Work, a JICA a study team was dispatched
in. October 1991 and commenced thc study. The Final Report was completed
by the end of August 1992.



1.2

Objectives of the Study

The objectives of the Siwudy arc to carry oul the data analysis and the
preparation of phased development on  coastal protection and port

improvement at Rarotonga Island from both the technical and economic

points of view. Roratonga is a circular shaped istand having a 31 km long
shorcline. Tt is located in the southern Pacific Occan at a latitude of 21°S in
the region of the Tropic of Capricorn. Unfortunately, the island is located
on a main route taken by cyclones, Every five ycars a large scale cyclone
(wave height in 6.5m or larger) passes necar the island and causes

extensive damage to the island's nature and property.

The government has excrted its best cfforts to mitigate cyclone disasters.
This includes preliminary coastal area conservation control, structural
improvement of private housing, control of beach sand digging and
provision of coastal protection work together with breakwaters at Iwo

major harbours.

The main target in this study is the high seas generated by air turbulent
due to a low atmospheric pressure, the cyclone. At firsi; it gencrates a
strong gale which creates waves and secondly make happen of high tide.
Additionally, wave set-up resulting from the concentration of wave energy
in the shoal water may occur in the lagoon. All of these tend to take place

whenever a large wave breaks over the reef and into the lagoon.

It is said that the old istanders built their homes and villages in the forest
on the hill, not close to the beaches. Since then, there have been changes
in the ways of living here and people tend to stay along the beach main
road, Ara Tapu, which runs just behind the coastal zone. Tourism
development has acceralated this trend, although a new hotel in Village
Vaimaanga is being built at a relatively safe area well behind the

beachline,



In 1987, Sally madc a large impact on the istanders not only as a resuli of
the damage donc to their propertics but also in realizing the tremendous
power of a cyclonc when it hits the coastal areas. According to the damage
records of Sally prepared by MOW and the Conservation Office, high secas
attacked the northern beaches of the island causing beach crosion, and in
many places, the run-up of water bodies containing coral rocks. These
effects have been well observed at the Avarua and Avatiu areas and their

adjacencies.

The government has decided to take the necessary aclion to mitigate these
disasters along the entire shorelinc of the island. Coastal protection should
be implemented considering the grade of the disasters, the land usc in the

arcas and their priorities.

Thus, the main objective of the Study is to prepare the Master Plan of
coastal protection showing the necessary action to be taken by the private
and public sectors. The feasibility study should be conducted for preparing
the more dectailed action plans for the most densely urbanized arca, Avarua

and Avatiu areas and their adjacencics.

The Avarua area is the center of Rarotonga, the capital of the Cook Islands,
where the mnation's major political and economical activities takes place.
Furthermore, Avarua and Avatiu Ports also play major roles in the

couniry's sea communications.

The Avarua area is therefore a target of this detailed analysis. Since these
two ports are located in the midst of the wrbanized area, the necessary
action to be taken by them in the future are also studied and combined with
the coastal protection works. Thus improvements for ex'isting porl
facilities and the required extension to handle futurc traffic deménds are

also important objectives of the Study.



1.3

1.3.1

1)

2)

Scope of the Study

Study Area

[Arca for the Mastcer Plan

Coastal Protection

The Master Plan of the coastal protection should cover the ‘entire  coastline

of ihe island as a long-term development pian for the year 2010.

Table 4-1 shows the constituencies and the names of the- villages - on

Rarotonga Island. The total shorcline length shown in the Table is 30,990

" meter. This figure, howcver, is the measured length of the beach road

instead of .the actual shoreline. The combination of constitucncies should
be confirmed by the latest ones. There arc fifty one villages under seven
constituencies. . Among them, forty seven wllages are ¢xposed to thc open

ocean. The average shoreline length per coastal village is about 660 meter.

Appendix C1 "Coast File" shows various data of ‘the entire coastling of the

island at each coast unit at cvery 200 meler.

Port Improvement

As shown in the agreement, the Master Plan of the port improvement
should cover the two existing ports, Avaliu and Avarua, as a long-term port
development plan for the year 2010, Land use of porits will be expanded to

adjaccnt - areas to mect further land requiremenis in future.

Avatiu is a fully development port and currently occupies a 500 meter long
coastline, while Avarua is a port under construction and occupies coastiline

that is about 300 meler long,

Arecas for the Short-term Development Plan

The Short-term Plan will be selected containing the project elemenis with
higher priority and urgeni .requirement among the proposed concepts in
the Master Plan. In this study, thc area to be covered by the Short-term
Dcvelopment  Plan s concluded at - the beginning. However, minor

modifications to the arca may ‘be required,



)

2)

Coastal Protection

The Short-term Development ~Plan will cover the Avarua coastal arca with
its surroundings including the existing airport area and the Avarua

gastern coast up to the Health Decpartment where urgent  proteciion work

‘may be required by the year: 1997,

Among the areas covered by the Short-term Development Plan, new
rcclamali(')_n' w_ofk_will be conducted al the Avarua coast as a buffer zone
against waves and surges and will bc named as the Port Park Complex. This
area will be utilized not only for the coastal protection but also for various

pub=lic uses including porl'expansion.r
Port Improv'é'ment

Based 6n the” proposed Master Plan, the Short-term Dcvclopm'cnt Plan for
port'im'provement will cover only urgent i_mprovém_ent works will be
required for two ports by:t'iie year 1997. Based on the feasibility study that
will foilow, it will be decided whether or not to dcv_elop one port or both

ports simultancoasly,

Fig. 1-1 Arca Di{rision for Study Scope

No. Constituencies (villages) Arga Division

30,920 m

i, Argzangi
2. Tilikaveka

3. Ngatangita
Note: Lengih indicates the tolal shorefine langth for each area.
4. Malavera

5. Tupapa

{Assitetonga) . : 7.250m Haster Plan
. {or Coastal
(Poe) Prolection

{vaikai)

6. Avarua —2250m
{Ngatipa) : ' .
1,770 m Short-Term

“Port Park .- Y N Planfor -
{Avarua) Comglex™ Masler Plan and " Goastat

{Ruatonga) Shorl-Term Plan for Prolection |
Porl improvement
{Avatiu) 1

7. Nikao
- (Alupa}
{Kaikaveka}
{"Airport’}
{Pokolnu) ____




1.3.2 Content of Study
The study shall cover the following items:

1) Collection, review and analysis of the existing data, information, and

reporis relevant to the Study
2) Undertaking of Site Surveys for the Study

a) Topographical data

b) Gedlogical and geophysical data

¢) Hydrological and hydrauliéal data
d) Hydrographical data

e) Meteorclogical data

f) Port activily, facilities and equipment
g) Land 'use survey 7

h ) Coastal crosion survey
3) Preparation of the Master Plan for the period up to the year 2010
Masier Plan for the coastal conservation of the 'Raromnga Isiand;

a) Setting up the arca for the conservation plan
b) Clarification of the mechanism of e¢rosion

c) Selection of suitable countermeasures
Master Plan for the improvements to the Avarua-Avatiu port area;

a) Port traffic forecast

b) Projection of land requirement ]

¢} Preparation of the basic layout plan of the major pori facilitics
- d) Preparation of the land use plan

e) Undertaking of the rough design and its cost estimates

f) Preparation of the phased development plan



4y Undertaking of the Feasibility Study for the period up to the year 1997
Coastal protection plan for the coasts adjacent lo the Avarua arca:

a) Preparation of the basic l'ayom.plan of coastal protection facilities
b) Uridcﬁé_king of the preliminary design

¢) Cost estimates for construction, operation and maintenance

d) Undertaking of the economic analysis

¢) Preparation of construction, operation and maintenance programs
Port inlpfovement plan of the Port Area

a) Preparation of detailed layout plan of the major port facilities

b) Uhdcrtaking of ;prcliminary design and cost ‘estimate

(:')'Undcrta;kirig' of the economic analysis and preliminary financial
analysis | '

e) Prépération of implementation program

f) Recommendation on port management and operation system

5) Preparation of Conclusion and Recomimendations
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’ preparm

Composition of Reporis

Resutts of the study were dcmonstraled in three stages, namecly the Interim

Report, Draft Final Report and I~1nal Reporl.
g 4 summary of the Master Plan for the year 2010, whil
recommcndatlons on the Short- tcrm

The Interim Report aimed &t
¢ the Draft

Final Reporl described preliminary
the Master Plan based on the prowcts fcasszhty

Develo'pmem AMONE
s for the project

Then, all the conclusmns and recommendation

analysis.
were reportcd in thc Final

including countermeasurcs  on the comments
Report, The Final Report consists of two volumes, namely Volume I "Master

Plan® and Volume 11 "Shost-term Development Plan" ‘based on feasibility

study. The former is revised Interim Report.

Figure below shows the image of two phases, namely the Master Plan and .

the Short-term Development Plan by Feasnbillly Study.

Demands and
Scale of Project

Large

Scope of Master Plan ' T
' mediate

|

f Low
Scope of : _
Feasibiliy Study | | T
Shortterm at present
Development Plan |

Year 1991 Year 1997 Year 2010

Time Scale
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Site Visit and Activities by the Study Team

The first site v1sn was conduclcd by lhe leam from the middle of October to

| 24th of ‘November, 1991, The icam met and exchanged opinions with the

project stceri'ng comm:ttec of the \/Imns[ty of Planning and Economic
Development, MOPED, on the behalf of government. The commitice was
chaired by Aclmg Secretary Mr. R.C. Chapman and Mr. 'I‘éli Manuella as
vice chairman. The team collected valuable information on . the project

from the wvarious government agencies including:

a) Mmlstry of Works, MOW .
~b) Department. of Trade, Labour and Transport TLT
c) Conservatwn Department

d) Survéy Department

¢) Waterfront = Commission

f) Cuostoms Department

g) Mlmslry “of Marine Resources

h) Ministry . of Agnculture

i) ~ Post Office o
) Cook lsland Metcorological Service, MET

ky TV .R'aromnga- '

1) SOPAC '

m ) Tourism Authority - and

n) MOPED '

Project officers and economists in MOPED 'as.the executing agency, provided

the tcam with valuable data and suggestions. MOW, Survey Department and

~ Congervation Department gave the team data on the damage records of Sally

~and- their intention for coastal protection. = TLT, Watcrfront Commission,

Customs Department, and Ministry of Marine Resources participated in the

discussions on futurc port utilization.

Soil investigation, under the contract to the' team was conducied by a local

-survey company. - Thé*t’opogra’phical and hydrographical 'survcys have

been undertaken directly - by the team.

During the site investigation, villagers frequently asked the 'team members

what was the purpose of the investigation. They are answered in detail so



that villagers would have a better understanding of coastal proiection.  .In
addition to this, dircet interviews with 120 residents cdﬂccrnin'g'cyclon;
disasters were successfully conducted with- the assista.ncc of the Chief
Bconomist of MOPED, Dr. Charito Chapman. Of the discussions - held bctwcen
the commitice and the team, thc'prclif_nin:a'ry alternative layouts. for the

coastal protection works at the Avarua/Avatiu area was one of the most

esager items.

It. should be noted that the study lcam was encouraged by Prime Minister
Geoffrey A. Henry and Minister J.J. Marsters  of the Ministry of Works.

Immediately after returning 10 their home offices in Tokyo, the team
reporied major happenings on the island to the JICA supervisory co‘mmiuee

‘and then commenced the study for the interim report.

Second Visit was made from the end of January to the mid'd.le' of February,
1992.  The tecam submitted the Interim Report to the government  and
conducted discussion on recommendation and findings in the said report.
The Master Plan of coastal prolectidn and porl improvemem were the main:
subjects.  The. tentative phased development plan which aimed at ;s:elec.tion
of urgent works to be implemented in the Short-term Development Flan
was evaluated by both parties.  The team accepted the request that the
Short-term Development Plan should cover the damaged areas by cyclone
Val/Wasc at the end of 1991. The team provided the Cook -Government
officials with recommendation that scale of project should be  scheduled
within a rcasonable range which might be justified by the cost and benefit

- analysis in the feasibility study to come.

The team met and exchanged opinions with the project steering commitice
about financial aspect of organizations which might- be responsible for

project exccution and operation.

The team left the island for Tokyo on the 8th of February, 1991. .On. Ithe_way
back to Tokyo, they dropped at -the Japanese Embassy in Wellington and
reported the results of discussion in the island. Immediately afier arriving
at Tokyo, the team reported also happenings in the island to the JICA
supervisory commitice and commenced the study for the preparation of
Draft Final Report, - o
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SubmiSshn of the Dréft Final Report and discussion of it with the
committee was undertaken by the team in the middle of March, 1992. The
team submiticd the Draft Final Report, Volume 1 and Volume IT to the
gbvcr_nmcm for discussion on the 12th of March. However sccond meeting
scheduled originally on the 17th of March was postponed by an emergency
dauscd by Cyclone Gene. The second and final mecting was held on the 20th
“and 21st of March.

Major items in discussion by both parties were;

'a) Baéic system of coastal protection including design method
b) Port layoul especially about the extension of breakwater
¢ ) Location of fisherics Scctof, Avatiu or Avaruva

d) 'Projcct economic feasibility

¢) Financial aspects

The tcam left the island for Tokyo on the 23td of March, 1992. On the way
back to Tokyo, they dropped at thc Japanese Embassy in Wellington and
reported the results of discussion in the island. Immediately after arriving
‘at Tokyo, the team commenced the study again for the preparation of Final
Report. |

On the 27th of April, 1992, the study team received the comments on the
"Draft Final Report and commenced to preparation of Final Report. The

Final Report was compieted by the end of August 1992,
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2.1

Chapter 2 Methodology

This chapter deals with both the schedule and basic methodology of the

study.
Workflow Diagram and Work Schednle
The agrecd work schedule is shown in Fig., 2-1.

The w()rkﬂbw diagram is shown in Fig.2-2.  From the diagram it can be seen

that ‘the work can be divided into seven stages.

There are 2_9 work components, the highlights of which are summarized in
:'Tablf:: 2-1.

Fig. 2-1 Study Schedule

Yeoa ’
T 1991 . . 1992

Month -
Work !tom§ by Stage - : 5. [o] N D J F M A M J ] A

Stage
Preparatory Work

Stags 2

Fiold Survey . R

Slage 3

Master Plan for the yaar 2010

Slage 4

" Submission of Interim Report Y
" opo TR

Staga 5
Feasibilty Study for the year 1957

Stage 6
Submission of Draft Finan Report A
DFMR

Stage 7 )
Finalization J Férxﬂ

Legand: =~ Prapazalion, e Work in Cook Islands, == Wokin Japan

Nots, * * The study team received comments on the Draft Final Repos 21 the end of Aprit, 1992 Explanatary Nates
outlining the Final Repart and countermeasures io commants was submifled to the Cook lstands.
Govatnmen! prior to the submission of Final Rapost
Thus, complation of report was complated at the ead of Augus!, 1992.



Table. 2-1

List of Wark Components

Stage Main Target

Step Work Components

Stage 1 Preparatory Work
Stage 2 Field Survey

Stage 3  Formulation of Master
Plan for the year 2010

Stage- 4  Submission of Interim
Report

Stage 5  Feasibility Study for lhe
year 1997

Stage 6  Submission of Drafl
Final Report

Stage 7 Finalization

(1) Preparation of Inception Report
(2) Submission of and discussion on the report

1
(3) Data co]lcCtion
(4) Field survey: _ _
(5) Investigation of natural conditions
[Master Plan for coastal protection]
(6) Sctung up area  for' coastal protection
(7) Clarification of erosion’ mechamsm
(8) Sclectron of suitable  countérmeasures
[Master Plan for port improvement}
(9) Projection of land requirement
(10) Land use plan
(11) Port traffic forecasts
(12) Basic concept for port 1mprovemem
(13) Basic layout of port facilities

~[Integration ' ]

(14) Rough design and cost estimates
(15) Phased development ~plan

(16) Preparation of Interim Report
(17) Submission of the report '

[Shori-term Plan for coastal -prolection]
(18) Basic layout of coastal protection
(19) Rough design .

" (20) Prediction of coastal damages

[Short—term plan for port improvement]
(21) Layout plan of port improvement,

(22) Rough design

[Integration -]

(23) Construction program and cost csumates
(24) Operation and - maintenance prograni
(25) Economic and financial analysis

(26) Conclusion and Recommendations

27 Preparatiin of Draft-Final Report

(28) Submission of and  discussion on Draft
Final Report o
d

(29 Preparatmn and subrmssnon of Fmal
Report




Fig. 2.2

Work Flow Diagram

Work numbers below arc corresponding with work component numbers in
Table 2-1.
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Chapter 3 Socio-Economic Conditions

This ' chapter presents the major socio-cconomic indices of the project hinterland.
They will rélate to the ‘ecconomic frames of Rarotonga island, and will be the
background information for the possible futurc cconomic frame of the country.
They will also relate to such a basic information like the cargo traffic forecast .
which may b(':"hz.mdled at ‘the pérls ‘with required improvements. The present
industrial activities on t.he island will also be evaluated in order to identify
necessary . Coﬁhtcrmcasurcs to be undertaken in the Master Plan and Shori-term

Plan of the study.

Alllhou'g'h information subdivided into the island are not available, discussion of
these conditions will commence with indices in respect to the whole country

since Rarotonga island is the core of national economy.
3.1 Major Socio-Econoemic Conditions
i1l Populafion

The population of the Cook Islands grew steadily until 1971. From 1951 to
1971, an annual growth ratc of  around 2.1% was recorded. From 1971 to
.1.986, .however, the population décl'ihéd, especially from 1971 (peak) to 1976,
when a 3.0% annual de(ﬁlinc was cxperienced.  The main rcasons for the
decline in populatién were  the expansion of air services and the
avaﬂilabili:ty" of employment opportunities . in the New Zealand labour
market.  After 1976, the .population declined at a very low rale; in. recent

years ‘it has been relatively stable.

Rarotonga is the largest istand and has the largest population in the
countfy; The growth of population in Rarotonga has almost mirrored thai
of the country as a \#hole. The population has tended to concentrate here.
About 55% of the population was concentrated here in 1986. The population
in proportion to the rest of Southern and Northern Group was about 32%

and 13% respectively in 1986.
Cook Islands' population growth in the is shown in Fig. 3-1-1.

To forccast the  future population would be quite difficult since it depends
strongly upon the fulure economic opportunities in the Cook Islands

relative to those available in other countries, especially in New Zecaland.



3.1.2 Gross Domestic Product (GDF)

The gross domestic product (GDP) in the Cook Islands has expericnc_e_d
continuous growth in both current and constant 1990 prices _fro'm 1982 to

1990 as shown in Fig. 3-1:2 and Table 3-1-1 a) and b).

Fig. 3.1-1  Population Growth in the Cook Islands by Census Years
Source: Statistics Office
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Fig. 3-1-2 GDP Current and 1990 Constant Prices from 1982 to 199'0,
Source: MOPED, Statistics Office o
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1)

2)

The basic cconomic sectors arc (i) agriculture .a‘nd fishery, (ii) wholesale

‘and retail trade, rcstaurant and accqmmodation, “and (il _public

administration..  These three secctors ‘make  a .sirong contribution to the

economy in the Cook Islands. the share of agriculture and fishing,

however, especially agriculture, is decrcasing,  The other two scctors have

maintained their share in these years.

The sector with the highest growth raie is the clectricity and water sector,

while the agriculture and [fishing sector has the lowest growth rate.

Other Indices
Expenditure of Cook Islande;‘s

Total family expenditure at Rarotonga was $ 3,876 million in 1987.

Distribution of expendilures by major group is as follows.

Table 3-1-2. Distribution of Expenditures

Items Distribution (%)
Foods and beverages _ 53
Housing and household 15
Clothing, footwear etc. : 7
Medical care 3
Transport, recreation
and communication 6
Education
Taxes and others 10

Source: MOPED, Stalistics Office

Price Increase and Inflation

The inflation rate in the last five years has averaged 7.7% _annu'aliy, which
constitutes a reduction comparcd 1o previous years. For the years 1967 to
1986, an average rate of 13.3% -has been recorded; the lowest was 4.8% in
1970 and the highest was _24.1'% in 1976. | |

Due to the characteristics of the Cook Islands' economy, inflation is largely
of an imported nature and the corrclation between inflation in New

Zealand and the Cook Islands has been close.



Food items, manufactured goods and machinery arc the most important
scctors in terms of “values, Imported food items contribute significantly 1o
cxpanding the inflation rate since the expenditure distribution ~ for foods
(53%) represents a  large portion of "the total expenditures as  described

“above.
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1)

Industries

Composition of Industries

The main industries in the Cook Islands are agriculture, tourism,
manufacturing and fishery (marine resourcgs).

The leading sector identified to stimulate the ecconomy growth in the Cook
Islands is tourism. Agriculturc is the main productive scctor in' the Cook
Islands and will continuc to contribute extensively to the economy of the

country, particularly the outer islands. Although the performance  has

generally been poor, there is a potential for fishery (marine resources).

In addition, large vein of manganic nodule was found within the economic

‘territorial waters of the Cook Islands in 1989. Mining and other related

industries will be able to commence operations sometime in far future.

Major Industiries

This section presenis the current situation of the tourism and fishery
industry, both of which will positively affect Cook Islands' economy in the

future.

Tourism

Tourism has grown from the early 1970's to become the major foreign
exchange eamer and the principal force for ecomomic growth in the Cook
Islands. Tourism is also the largest export industry and provides more

employment opportunities than - any other single industry.

Significant tourism in the Cook Islands began in 1974 following the
completion of the Rarotonga Airport in 1973, Tourist arrivals from 1976 to
1990 are shown in Fig. 3-2-1. Approx. 34.2 thousands tourists visited in 1990,
which represents an almost three and half times increase over that of 1976.
Furthermore, a jumbo jet began opération in October 1991. The majority of
tourists come from New Zealand; this trend is unchanged at present.



mM=oWwS oo

Fig. 3;2_-1 Past Records of Tourist Arrivals (1976 ~ 1990, ‘000 persons)

Source : Tourist Authority

In 1990 there were 618 rooms (hmels/mbtc!s) available in Raroionga island,
The Shcfaton_ Hotel will open in 1993. The occupancy rate of the hotels and

motels in recent years has been approx. 60%.

~Tourism is currently confined to Rarotonga and the larger islands of the

- Southern Group as they offer accessible options from ‘international tourist

routes via domeslic air and shipping services.

Most tourists arrive by air, while the proportion of tourists arriving by

~ ship (majnly small cruisers and yachts;) was only 1% of the total tourists in

1990. However, demand for the development of a marina is extremely high

from the Government and private sectors. from thc. viewpoint of the

tourism development of the Cook. Islands.

The Cook Islands suffers disadvantages in competing with favourably
located desti_nalions' such as Hawaii, Fiji and Tahiti; from the higher cost of

air fares to the Cook Islands than to the more developed and larger scale



2)

markets in competing areas compounded by an absence of infrastructure

support in marine lIeisure in the Cook Islands; the competition is fierce.
Therefore, the development of marina facilitics will contribute to the
economy of the Cook Islands by increasing ‘the number of calls for pleasure

boats and tourist arrivals by ship in the future.

The 2.3 km runway al the existing airport is. schédﬁ!e_d to be expanded and
become a 3.0 km class airpdrl for more comfortable use by jumbojet. This

will be other alternative to add more attractive to the island in respect tot

he tourism ~industries.
Fishery (Marine  Resources)
Marine resources play a significant role” in the culture, and traditional an

diet of the Cook Islanders.

Subsistence and artisanal fisheries are the main activities in the Cook
Islands. Subsistence fishing provides the Cook Islanders with a significant
proportion of the protein requircment. It includes the collection -of

shellfish and edible seaweced, reef-fishing and netting, free-dive and scuba

spearfishing; handling for reef fish, trofling and 'drdpling “for tuna from

~canocs and small boats.  Artisanal fishing consists of fishing by small and

medium sized operations within the 12 mile territorial limit on a parl-time

or full-time basis. It includes the capture of tuna and other pelagic fish,

mainly utilizing conversional trolling methods around Fish Aggregation

Devices(FAD's).

Most fishermen are engage in fishing for their own consumption; any
excess is sold on the local market (for restiaurants and hotels). However, it
is reported. that there are a few fishermen who earn their ‘living by

fishing.

There were 234 imporled open iype fishing ‘boals, 228 locally made and 52
for small commercial fishing and tourist activities in 1986. .Since tﬁén.
according to thc Ministry of Marine Resources, the number 'of. fishing
boats is estimated to have morc than doubled duc to the increase in marine
activities such as the pearl industry in the Northern Group and fishing

activities in other islands.



Exports -of marine resources from the Cook Islands arc generally limited,
but a small amount of frozen tuna is being shipped overseas from the
islands in the Northern Group, and cultured pearls, pearl shells and troches
shells have been significant cxport  items. Considerable quantities of

canncd and frozen fish arc being imported.

Although there has’ been"limited"dcvcl(')pmem of the fishery -industry so
far, a high seas fishery industry for l.una and other migrant specics within
the vast Exclusive Economic. Zone (EEZ) holds considerable i)otemial for the
future; in this respect, the__d_evciopmem of fishing facilitics will “be
ur'gchtly required in the Cook Islands. However, the appropriate
management and lechnoio’gy for the use. and conservation of marine

resources must be carefully considered at the same time,

3-9












Chapter 4 Outline of Coastal Areas

This chapter provides discussion with the present condition of beach and coastal

arcas. - The existing land usc and cfforts conducted by the Government will also be

discussed,

4.1

4.1.1

Land Use Classification and Government Agencies
Land Use Classification

The total length of Rarotonga's coastal faceline is approximately 31
kilometer long. Most of these facelines consist of reefs, lagoons, and

* beaches the scale of which differ from point 1o point.

Coastal damage caused by past cyclones varied depending upon land use,
natural conditions of the coastal areas and the scalc of the cyclones in

respect to waves and surges.

Land use is also varying among:

(é)' Urban areas _
(b) Rural arcas "A" (Where the beach road is close to the shoreline)

(¢) Tourism areas

. (d) Rural areas "B"

(¢c) Natural areas
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4.12 Gé_vcrnmcnt Agencies’

Since the study. covers the coastlinc of the island, various governmental
agencies ‘are involved in the study. The nominated cxecuting agency of the

project is MOPED. Other related agencies are:

a) Ministry of Works, MOW

b) Survey . Department

c) COnServa_tion Department

~d) Department of Trade, Labour and Transport, TLT
~e) Waterfront = Commission.

f) Customs Department _

g) Miﬁis_try' of Marine Resources

h) Ministry of Agriculture

i) Tourism ‘Authority

Among them, MOW, TLT, Waterfront Commission and the Conservation
Deparlnient are the most important organizations in respect (o both ihe

coastal protection and port improvement,



4.2

4.2.1

Historical Background of Coastal Area Use
'This section will present a bricf description about the utilization of coastal
areas by people in the past and the present. This information was provided

by villagers and recorded during the. perception study.

Before the Arrival of Migsionaries

It is reported that Rarotongan islanders built their homes on the hills or
the moderate slopes of the mountains. They cultivaied ‘the hills and swamps
(marshs) for their living ‘and, when necessary, they walked to the nearby
lagoon and made sustenance fishing and shell collection. . It is not yet clear

why they lived on the hill. The following might be the reasons:

ta) Simple farming

(b) They were well aware of the disasters caused by cyclones, winds and
surges. The forests on the hills might have provided them with good

shelter against the wind,

There might have been no Ara Tapu at that rime. The main - access might
have tun on the hill from village to village. Thus, there might have been
less property damage from cyclone waves and surges.  Also, they might

have known that:

(a) The wind from the sea becomes weakened by barricrs consisting of

forest and carth.
(b) Wave run-up could not penetrate into the higher position.

Ir_x addition to the above, the coastal area mig'ht not be suitable for

cultivation due to:

(a) Coverage by high trees
(b) Sandy soil with a coral rock foundation and

(¢) Poor soil for cultivation due to rapid drain

They did not dig sand from the beaches for coustruction material. They did
not cut down the trees in the beach forest for their housing purposes.
They might not have worried about beach erosion. And there were no

insurance companies to cover c¢yclone damages.



4,22 Affects Caused by the Missionaries

4.2.3

It is reported that the missionaries introduced not only their belicf but also

let people stay near the beaches where the flat arca was ‘suitable for
maintaining communitics, They built churches, chapels, schools and
hospitals.  Additionally, the Ara Tapu beach road was coustructed along the

shoreline.
Recent Trends

Modern life in the town .has been acceralated by:

(a) Introduction of car transporiation
(b) Better business opportunities

(c) Easy shopping and education

In addition to.these, younger islanders may have a tendency to stay near
the beach. This may be influenced by the way of life in other countries

having modcratc climatic conditions.

The tourism oriented businesses here are located. basically near the beach
or along the beach main road. They include hotels, restaurants, shops, car
rental éhops, etc. To make way for this business, trees in the natural beach
forest have often been cut down in order to make wider open spaces. They
plarit'cd }awr-ls' and coconut trees for scenic purposes

Somc beach areas as - seen at Villages Tokurau and Nukupure have been
reclalmed amfmlally by w;denmg the flat space seaward. Some of these
bank have been eroded by cyciones. '

The development of the island has required more sand for construction
purpb,ses and, as there is little river sand, they dug up the sandy beaches

and passages for this use.

Due to the increased concentration of people living near the beaches, the
seawater quality near the town may be contaminated by waste water and

solid wastes.



4.3

4.3.1

Existing Land Use

 This scction deals with the existing land use on the island. The description

will commence with the outline of land use then concentrate on land use in

the coastal area.

General View of Land Use

The island is lecated on the Tropic Capricorn and has a total arca of about 75
square kilometers. About 68 % of the area is mountains covered by tropical
forests and cxposed volcanics, The highest mountain is Te Mahga that is
653 meters above the daium. Mean Sea Level _(MSL). The gradient of
mountain slopes are relati\?cly steep (30° or more), and likely are
unsuitable for development 'by huma.n beings. One " of _thc' important uses of
this area is 10 provide sourées_ of public milities, such as power generation .
and intakes and reservairs for water supply. Of course, this arca has not

been damaged by cycldnc waves and surges.

Areas other than mountains consist of relatively flat topography, namely
hills, marshes or wet lands and beach banks. ' _
This hilly area shares about 16 percent (or 12 square kilometer) of island’s

total areas.

The hills actually form the skirts of ‘the mountains, and range between
+5.0 meters up 1o +30 meters above MSL, hav’ing an average slop.e' gradient
aboul three to six de.grees_. This area is utilizéd mainly for the agricu]tural
development of fruit culture.  Villager houscholds arc also scattercd here.
Households density is larger in .the northern areas between Vﬂlagc Pue and

Village Pokoinu, the most denéeiy populated area.

Ara Metua, onc of two main roads of island runs through the middle of this
area. This road might bc the main road until the Ara Tapu beach road was

developed.

These arcas have not been damaged by Cyc'ionc waves and surges. This area
forms a ring-shaped belt of 400 mecters wide around the island and is located

at the toc of the mountain but before the marsh and beach bank.

The marsh (or swamp) consisting of low wetlands with mud soil is 150

meters wide and is ltocated between the hill and the beach banks. The



average ground level rahges from +1.5 meters to +5 melers above MSL
where the richest soil and active floras and fauras can be seen. It is 4.5
squarc kilometer and shares 6 percent of the total land. Use of the wellands
is relatively lower due to frequent flooding and limited accessibility. Fine
particles with rich earth is “discharged here by rain water flowing down
“the hillside.  Domestic _sewerage concentrates here and is naturally treated
by rich water and biochemical activities. -~ When hcavy flood water flows
from the upper streams it may tcmporarity back up here until the lowering
“of the water level after the cyclone passes. Thus, this arca plays a passive

role - in the stabilization of the natural environment.

The largest past 'development here was the Rarotonga International Airport
with a 2,300 meter runway that runs to the beach bank and parily down to

the lagoon.

The beach bank '.-(or coastal arcé) is a 250 meter wide ring albng the
waterfront. It is 7.5 square kilometer in size and shares about 10 percent of
the total land. The height of this land ranges between +1.5 meters to +7.5

mctei’s éb(_)ve MSL.-

The shoreward area of this is the last sea defense line. The beach bank
consists geotechnically of coral rock and coral sand including boulders.
According 1o the survey results, it is assumed that the beach bank was
shaped by <coral rock piling caused by waves generated by previous
cyclones. The surface of this area is generally covered by sandy ecarth.
More than 70 percent of the total population currently inhabits this area.
Most of the public facilities, such as schools, the hospital, churches,

cemeteries, sport grounds and government offices are located here.

The private enterprises locaied here include shops, restaurants, a factory,
fuéI storage tanks, motels and hotels except for the Sheraton which is
under construction in the hilly area and wetland at Village Vaimaanga.
The bedch main road, Ara Tapu, is the only access existing along the
shorelihe. Connécti'ng-:ac:ccsscs from Ara Tapu lcad to Ara Mctua.

About 40 percent of this arca is covered by trees (Utw trees, iron trees,
.céconut_ 't'recs, etc.), It i_s‘ reported that the ['rees along the beachline are
gi‘adually bc_ing cut down for artificial land use. This arca is the main

targét for providing appropriate coastal protection work,
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