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EXECUTIVE SUMMARY
 

AGROCLIMATIC SURVEY OF THE SOUTHERN PACIFIC ISLAND GROUPS:
 
FIJI, GILBERT ISLANDS (KIRIBATI), SOLOMON ISLANDS, TONGA, VANUATU
 

Ana Maria Planchuelo-RaveloJ/
 

The Agency for International Development (AlD) needs reliable early warning
 

of potential food shortages 
to make decisions affecting many of its 
programs for
 

disaster preparedness, relief assistance and 
food security in the Southern
 

Pacific Region. To address this need, the NOAA/NESDIS Assessment and 
Informa­

tion Services Centor', lnpl- : rlih Ilinhi Mi ssojri, 


Sci ence Depa rtmi fn, :)t " rNi vers i ty 


in , 1O and the ArmoUlp~eric 

of Ii ssouri -Coi umb i a initi ally devel oped
 

agroclimatic background information 
 for selected island Thegroups. islands
 

included in this project are: Fiji, Gilbert 
 (now part of Kiribati), Solomon
 

Islands, 
 Tonga dnd V'jtuitau (formerly New Hebrides).
 

The agroclirnatic background report 
for each island group includes a
 

description of: 
 1) the physical environment including geography, topography,
 

climate, soil and natural 
vegetation, 2) agricultural practice and crop calendar
 

information for and crops,commercial fooo and 3) economic activities. 

Agroclimatic regions were established for each island group using total
 

annual rainfall, rainfall distribution, wind direction and 
topographic
 

features. 
 Data bases were developed to systematically study the climate and 
its
 

relation to agriculture. The meteorological data were computerized for each
 

station. 
Analysis of potential evapotranspiration estimates was done and a
 

drought index made for 
selected stations.
 

i_/-

Senior Research Specialist, Atmospheric Science Department, University of

Missouri, Columbia, Missouri, 65211.
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CHAPTER I
 

INTRODUCTION
 

Agriculture plays an important role in the economy of the South Paci fic 
Islands even though only 
a small percentage of the 
land 	is arable. The year­
to-year variations in agricultural output 
are 	largely determined by climate,
 
particularly with traditional cultural practices for rainfed crops. Adverse 
c limatic c(orli-ionr, -ich is ;:-vori ri jIht-, t), tr pi i:il ;t.)r :s (:,in load t:)croj 

failures and economic losses. For example, in Tonyd a drought from Septeinher 
1977 	to January 1978 had adverse effects 
on crop production, causing a fall 
in
 
copra exports and considerable damage to bananas. This event was aggravated by
 
hurricanes Anne and 	 Ernie in Novemiber 1977 and February 1978, respectively. 
In 1983 taro production was reduced by 
50 percent in Tongatapu due 
to a drought.
 
This 	 vulnerability to adverse climate is frequently compounded by other complex 
factors including increasing population pressure, diminishing natural 
resources,
 
the 	 rising cost of energy, expansion of agriculture into marginal lands, and 
less 	than optimal land conservation p.-actices.
 

An objective evaluation of all 
available information related 
to climate,
 
soil 	and agriculture must be done to make plans 
for 	improvement of agricultural
 
production. Therefore, this report is written 
to provide background information
 
that 	can lead 
to 
assessing and possibly mitigating the impact 
of climatic
 
variability. Thi3 background is part. of 
a resource analysis 
to impl-ment a
 
proto-type early warning system for 
i:he South Pacific Island group for
 

drought/food production assessment.
 

1 ,.' 



Toward this goal, 
this study seeks 
to accomplish the following objectives:
 
I) Provision of reliable information on climate and agriculture. 
2) 

other data bases which may be 

Development of agroclimatic and 


used to
 
investigate the impact of weather and non-weather factors on crop failures and 
food shortages.
 

Countries and 
island groups 
in the South Pacific under study include:
 
Fiji, Gilbert Islands 
(now part of Kiribati), 
Solomon Islands, Tonga, and
 

Chapter 11 pruvides yenerdl inforination on climate and 
ayriculture. Each 
island group is treated separately in Chapters III 
to VII. Potential 
environ­
mental 
hazards are discussed 
in Chapter VIII. 
 Climatic and episodic 
event data
 
are provided in Appendix 4 and Appendix B, respectively. 

2
 



CHAPTER II
 

CLIMATE AND AGRICULTURE
 

A. 
Physical Environment
 

I. Overview
 

The islands considered in this 
report are situated in the Pacific Ocean
 
between 3020'N and 22020'S latitude and 
155 0 E and 173 0W longitude. They 
are
 
distributed in three ethnic regions: elanesia, Microne,;ia and Polyresia.

1'j : !.? I -nowm lIsj ~ L i s i r ,jrojlj , . I .esi, CrmpriSei oft -S groJp of 
archipelagos located northeast of 
Australia with relatively large islands such
 
Fiji Islands, Vanuatk- and Solomon 
Islands. Micronesia is a group of 
very small
 
islands located east of the Philippines, including ariong others the Gilbert, 
Phoenix and Line islands, 
all part of Kiribati. Polynesia includes small
 
islands such 
as Tonga in the Central Pacific.
 

The islands are 
often classified into two types, 
the "high" volcanic and
 
the "low" coral 
or limestone islands. 
 The high islands often reach elevations
 
over 500 m. 
The greatest height 
is found in the Solomon Islands, where Mt.
 
Popomanaseu on 
Guadalcanal 
reaches 2,500 m. The low islands rise from moreno 
than a few meters above sea 
level up to 100 m.
 

The largest islands 
are 
mountainous with relief characterized by 
volcanic
 
mountains (some of them active), volcanos, high plateaus, rolling hills, 
narrow
 
valleyF, terraces and coastal plains. 
 The river valleys and coastal 
areas 
are
 
often the only agricultural lands.
 

The innumerable -;mall 
islands in the area vary greatly in structure and
 
form. 
 Some of them, such as 
the Lau Islands in Fiji 
and some of the Tonga

Islands, are-: wholly or partly of 
limestone formation. 
 These islands generally
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rise steeply from the shore and have a flat topped profile* 
 The atolls are
 
coral 
reefs which appear above sea 
level as 
a low ring shaped of coral 
islands
 
or as 
a chain of close coral 
islets around 
a shallow lagoon. 
 These islands
 
often rise no more 
than a few meters above sea 
level; the diameter of the lagoon 
may vary from I to 100 kin. All 
the Gilbert Islands of Kiribati 
are of atoll
 
formation. 
 Other small islands are 
of volcanic origin such 
as Parapara in
 
Vanuatu, Kao and Tofua in Tonga, 
and Mace, Komo and 
Olorua in Fiji. 
 These small
 
volcanic islands have 
a rugged and broken relief, with a few 
flat areas near the
 

shore.
 

2. Soi is 

Mature soils with well 
defined profiles can 
be grouped according to the
 
dominant factor or factors influencing their Thefomation. ilality of the soil 
depends )n the parent materials, the climate, the topography and the plants and 
animals living in the soil 
or 
on its surface. Figures 2.2 to 2.6 show the soil
 
plant materials for each island group.
 

In the coral islands, 
 the dry climate and the parent materials do not favor 
soil development. 
 The parent materials consist of 
coral rock combined with
 
little 
more than carbonate of lime. 
 The texture is sandy 
or gravelly and often
 
contains limestone particles. The shallow soil 
and its excessive porosity make it
 
unfavorable for plant growth. 
 In general the quality of 
the soil 
in the coral
 
islands is poor and 
not suitable for agriculture. 
 In islands with more 
rain­
fall, such as 
the northern Gilbert Islands of Kiribati and Northern Tonga,
 
yellowish brown latosol 
has developed. 
 This soil is compardtively 
more fertile
 
that the coral soil 
but usua ly 
is no more than 20 
cm deep and 
can support only
 

minor agriculture.
 

The most important soil 
forming materials 
in the high islands 
are volcanic
 
deposits: lava, pumice and ash. 
 To a much smaller extent soils 
are formed from
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transported materials such as alluvium and wind-blown dust and sand. The only
mature soils whose development is controlled solely by parent rock are the rend­
zinas, which occur 
in limestone deposits. 
 The others, podzolics, latosolics and
 
humic brown latosols soils, 
are also dependent 
 climatic conditions
on for their
 
formation. Podzolization tends 
to occur more on 
acid rock on 
mountain slopes 
at
 
high altitudes, where the annual 
mean air temperature is around 250C and 
humus
 
accumulation becomes possible. 
 Podzolic soils 
are usually found 
in areas with
 
savanna or grassl and vegetation l. Laterization, ,m.,: t l.ly cJeveloI ,- o' hrii - id 

,l, rocks it) pl.i f with i Jh1 ,irll 1 1, .11 !.r' ')ut L [ Ir ; nf1 I imrainuaimean air temperatures higher than 250C. Latosols known also 
as tropical red
 
earths are deeply weathered low-altitude 
 soils. This is the characteristic
 
soil type of most of the tropical r, in forest. In areas with continuous heavy
rdinfall the latosols are yellowish or brownish rdther than red. The humic 
brown latosols may be developed from acid or basic rocks, and seem to be 
generally associated with the cooler we' climates of 
highland country such 
as
 
the wetter uplands on 
the main islands of Fiji.
 

3. Natural Vegetation
 

In considering the types of vegetation in the Pacific Islands 
a sharp
 
distinction must be made between the low 
islands and 
the high islands.
 

The low islands are 
poor in species and very uniform in flora; the vegeta..

tion consists largely of maritime and drought-resistant plants. 
 Many of the
 
smaller islands 
are entirely treeless. 
 Apart from the cultivated plants intro­
duced by man, there may be 
as 
few as half 
a dozen species 
on small islands and
 
under fifty 
on large 
ones. Coconut and pandanus (screw pine) 
are the only use­
ful native plants of the coral 
atoll islands.
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T e ia Th of the ouhcimte
e::of;Tte Sout4 acfif i c slands can he classified, as tropical 

1968
h' 	 A brief discussion of air temperature and rainfa.alI 
regimes is presented here. 
 In addition, climatic diagrams and agrometeorol ogi j*cal variables such as evapotranspiration and soil moisture content for the
 
selected stations will 
be discussed.' Irought Occurrence as 
indicated by rain­
fall Ianalysis and drought indices will 
be analyzed . More detailIs on climatic 
conditions 
are provided 
in the descriptons of 
each island group.
 

1. 	Air temperature 
itI-2 p iw ric i a 

" 

er sr iC f Li ,Ih, prid l chai f tt-mperdture in tSthe area lander stb. 

this report i. uniformity, Particularly 

in
 
in islands close to Theree .... 

is, however, 
a gradual development of seasonal variation in islands located away

from. the ....
atoria 
 one. The lowest range in mean monthly temperatire is less 

ithanIC (between 28.60 and 28.,-C) registered inTarawa, Gilbert' Islands
 
(Kiribati). 
 The ,largest variation of mnean monthly temperature is5.2%C (between

26.6' and 21.4Pc), ohbserved 
inAnatom, Vanuatu.
 

Thelowest temperatures in the 
area are 
found 
at h.gh.. itudes For ­ ..
 
example, in Nandarivatu;" Fiji 

, 

at 835 inof elevation the mean temperature of the.,
coldest'month (Ju'ly) is about 18%C and 
the mean temperature of the hottest month
4, 

(Feb ruary)Y is 22'C_ 
' 

, , 

~"" 
4 4 

The hottest temperatures 
are 
reported particularly at 
lowland islands close
 

th ;',ot mfo'Ahs '(March anmd May)14is '29.1PC and the mean forlthe .coldest (July) 
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2.Rainfall...:: 
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and the northern islands of the Tonga and Gilbert groups, the rainfall 
is more
 
evenly distributed throughout the year; the dry 
season lasts 
for 2 to 5 months.
 
Excessive rainfall, more than 5
 ,
 000 mm a year, occurs in some regions such 
as
 
the Three Sister and Santa Cruz groups in the Solomon Islands and Salia Levu 
in
 

Fiji.
 

Agroclimatic regions were 
established 
for each island 
group using rainfall
 
amounts and distribution, island topography and wind direction. 
A map showing

the agroclimatic regions, regional precipitition histogrdrms, 
wind direction,
 
and( m orIi c1
o yalsit iti ,i jo K', 'ip, in the 
c ipt-r li.r 
ns 
 ajh K lan,! 
YJrlv p. Rainfal l nistoarylrr s r"selc. d s.itiO s are included 
in Appendix A.
 
The definition and 
intensity of 
the dry season 
for the agroclimatic regions
 
within each island group 
are relative 
to the arnJunt and distribution of 
rain­
fall. Therefore the seasons, 
as defined, are 
not corparable 
among island
 

groups.
 

3. Potential Evapotranspiration
 

Potential 
evapotranspiration (PET) 
is the maximum amount of water loss
 
from d soil-crop system when soil 
water supply is not 
limited and 
the ground is
 
completely covered with 
a short green crop. 
 PET information may be used 
to
 
develop agroclimatic indices, assessments of agricultural potential 
and water
 
related problems 
in agriculture. Evapotranspiration is a process very dif­
ficult to 
measure directly because it is a combination of physical 
and physiolo­
gical 
response, to Pnvirunmental conditions. 
 Theoretical 
equations that 
use
 
more measureable parameters have been developed for estimating PET.
 
Thornthwaite (1948) developed 
an 
equation for estimating PET 
using only mean
 
monthly temperature and daylength. 
 Hargreaves (1975) proposed 
an equation to
 
estimate PET based nn 
solar radiation and 
air temperature data.
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These two methods were examined 
to determine the most appropriate to compute PET
 
for selected locations in the South Pacific islands.
 

Thornthwai te Method
 

This method is based on 
the equation:
 

PET = 1.6 (lOT/I)a
 

where
 

PET is estimated in centimeters/day,
 

r ;iur h ie.ily1 ,-i- topl 
= 
)eritijr e ( ),I 

a hea i ndex whichI n is a function of T, and
 
a = polynomial function of 
 i. 

An adjustment for latitude is r,!iLired for locations with daylengths 
;Ji ,"fer'nL thdn I? hours . This .ethod has the advantage of using only one 
meteorologicdl 
element and 
the local latitude as input. 
 Temperature data 
are

frequently observed at 
most of the weather stations. This is the inair reason it 
has been used worldwide. 
 However, 
it should be pointed out 
that mean tem­
perature is not 
the only factor affecting the energy balance of 
the plant/soil
 
system which is closely related to 
the evapotranspiration 
process.
 

Hargreaves Method
 

Although solar radiation data 
are not 
always available, 
it is possible to
 
estimate solar radiation using the sunshine information that 
is more commonly

observed in weather stations. Hargreaves has developed several empirical

formulas to estimate solar radiation fro,, a variety of commonly observed 
meteorological elements.
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The equation for PET is expressed as:
 

PET = 0.0075 (RSM) TF
 

where
 

PET is expressed in millimeters/day,
 

RSM = solar radiation (mm/day) and
 

TF = monthly mean 
temperature (OF). 

Potential 
Evapotranspiration Analysis
 
Using avai lable 
 teiperatIur e and surnshine data (ernstedt, 197/; Ruxtehude,
 

1981) fir ni id ,500 daY, Eij, Iortily potnial evaporrnspirdtionr 
was estimated using the Thornthwaite and Haryreaves methods (Figure 2.7 and 
2.8). Both methods provided very similar PET estimates for May thru August hut
major diScrepancie.s were onserved duiri nj Octoher, November and December when 
differences rdlyel 
from I0 to 45 percent. When estimated PET is compared with 
monthly rainfall, it is evident that different conclusions in water excesses 
and
 
deficiences can he 
reached depending on 
which PET method is used. The
 
Hargreaves method has been 
shown to he quite reasonable 
for estimating potential
 
evapotrdnspiration for 
locations with tropical 
humid climates (Ravelo and
 

Steyaert, 09R3).
 

4. Soil Moisture Balance
 

Soil moisture variability is an 
important 
factor in crop production.
 
Direct measurements of soil 
moisture are 
seldom available and 
involve several
 
instrumentation problems. 
 In addition, continuous and 
repeated soil 
moisture
 
sampling is needed to determine a representative soil moisture regime for a 
region. 
 Estimates from climatological 
water balance methods 
are more cost­
effective for the regional 
assessment of soil 
moisture reserves 
available for
 
crop growth and development. Numerous methods 
have bcen developed to estimate
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i1,s t i. r4 4m~ .. "b. 4 V. 

soilI moisture from soil1 and meteorol ogiCal parameters. Detailed reviews of cli­
matological soil Moisture budgeting techniques are presented in Palmer (1965)
 
and IBaier and Robertson ('1966) Available soil 
moisture for this 
study was
estimated by using the 
 ,1965
 

Monthly rainfall 
data (WMO, 1980; Todorov, personal communication) andmonthly Horyreaves PET estimates for Lauthala Bay and Nadi , Fiji were the major 

inputs to the soil moisture budgeting technique. 
 In this preliminary stage, the
total soil 
water holding capacity was set at 200 mm. 
 As soil inforation
 

.ecomes ovai Iab e, adjustments are nade in the si I water holdi nlycapaci ty 
forndiiul stdtiofls. The soil mnoisture budgeting technique provided•:monthly available soil moisture estimates *for Lauthala Bay and Nadi.
 

Figure 2.9 shows the mean 
soil 
moisture content estimates for both stations.
 
;La:hala Bay a soil
shows near-full moisture capacity throughout the year while 
Nadi shows a depleted soil water reserve from August thru December.
 

Palmer's soil 
moisture budget technique can provide estimates 
for those
 
stations in the South Pacific with monthly rainfall 
records, mean monthly poten­
tial evapot'ranispiration{ data and soil 
water holding capacity information.
 

5. Analysis of 
 Occurrence
 
Drought occurrence 
is not 
a rare event 
in many islands of the South
 

Pacific. Rainfall variability is particularly high during the "dry" season. In
 
,Nadi
,'Fij i the Palmer drought index (Palmer, 1965) was computed for 33 years


(1951.1984). 
 The index shows that 
a severe drought started 
in August, 1977 and
 

ended<.in Decemnber, 1980 (Figure 2.10). 
 Drought conditions were particularly
extreme for, 1978 
 Most recently, a 
drought of several months duration was
 
"~kobserved in
some islands. For example, inNadi 
and Lauthala Bay, Fiji 
rainfall
 

was
4'' wa ell below normal during several months-in,1982 and 1983 (Figures 2.11 and,
 
r ehPal 
 er drought index verified
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Palmer l+rov1ht Index for Nadi , Fiji 
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occurrence of drought 
in both locations. 
 In Nadi the drought started in
 
November, 1982 and 
lasted until 
October, 1983. During late 1983 and early 1984,
 
rainfall 
amounts 
were normal 
to above normal 
and soil moisture reserves were
 
restored 
to near field capacity. 
 In Lauthala Bay, drought conditions began in
 
September, 1982 and 
lasted until 
April, 
1984. Normal or 
above normal rainfall
 
for isolated months 
(February, 1983; August, 1983; December, 1983; March, 1984)
 
was insufficient 
to 
break tile drought. 
 The below normal rainfall may bie 
 asso­
ciated with 
tile occurrences 
of "El Nino", 
a sporadic abnormal 
warm current in
 
the Pacific Ocof,.n. Svo;, drought related withi "Fl 
Nino" wa- aff-ctinq 

', ''"i1, 
 'i At r di. iiri Ci-rmtrl Au r -ri :1ur i,1,j I'Ib? ici
 
1Y83 (Canby, 1984). More information on drought 
for each island group is
 

provided in Chapter 8 and Appendix A.
 

6. (limatit f)1d jr dmrn
 

Climatic Diagrdms 
 for Nadi and Lauthala Bay showing long-term mean monthly 
values for rainfall, 
PET and actual evapotranspiration estimated 
from soil
 
moisture balance, 
are 
shown in Figures 2.13 and 
2.14. 
 When the seasonal course 
of water supply in a raillfed dgricultural system is compared with the course of
 
water demand, it is possible to have 
an insight 
into the plant-water rela­
tionship at a particular place. 
 Quantitative information can be obtained on 
the
 
many aspects of 
the soil-plant-atmosphere 
system such 
as actual evapotranspira­
tion (AET), differences between actual 
and potential evapotranspiration, soil
 
water depletion and recharge, and 
surface runoff.
 

For example, at Nadi 
the average monthly values of precipitation and poten­
tial evapotranspiration 
are never equal. 
 The rainfall distribution pattern
 
shows distinct dry and wet 
seasons. 
 Precipitation varies through the year from
 
a minimum of about 50 mm in July to a maximum of about 350 mm in March. The 
potential evapotranspiration, varies from a minimum of 130 mm in June to a 
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Figure 2.13. Climatic Iiiaqram for Nadi, Fiji.
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Figure 2.14. Climatic Diagram for Lauthala Bay, Fiji.
 



maximum of about 250 mm in December. Thus, 
the s2asonal course of both P and
 
PET indicates clearly the periods of water deficit 
(May through December) and
 
water excess (February through April). 
 Soil moisture storage reaches field
 
capacity by early January and 
runoff may 
occur 
during February and March. 
 There
 
is more water than is needed by 
the crops during the growing season.
 

In Lauthala Bay, the average monthly precipitation is always larger

than the 
potential evapotranspiration; 
there is a year-round water 
excess. Crop 
water requii refrme 0 s are m royl ly aw1 a1 rn"I f )(:,cr, very frequent.ly. 

* ;.
,LG I ;JL[ TIHL 

1. Overview
 

Agriculture is the domninant 
 sector of 
the economy for countries such 
as
 
Fji Varm ar , Saolomon al Tonga in the South Pacific Islands. 
 In the largest
 
islands the agricultural land 
is generally restricted 
to coastal 
areas and 
river
 
bdnks. Agricultural pro(iuntion is based 
on a ,ide variety of crops grown for
 
export and (omestic consumption. 
 Coconut, tho 
source ot 
copra, 
in the most
 
valuable commercial crop for 
the region. Cocoa, sugar cane, and 
banana 
are also
 
important cash crops 
on some of the 
islands. 
 Tobacco and oil 
palm are also
 

grown for 
local 
and export markets.
 

The major crops grown 
for domestic food 
consumption are; 
 rice, yam, sweet
 
potato, cassava, breadfruit, taro and 
various other vegetables. 
 In the coral
 
atoll islands such 
as 
the Gilbert Islands 
(Kiribati), the agricultural practices
 
are very primitive and centered around 
copra production and 
gardens with 
food
 
crops. 
 One of the major p~ohlems in these 
islands is expanding population
 
pressing on 
the limited supply of agricultural 
land.
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2. Commercial'a-ia Crops 
~&4 

a. 
Coconut (Cocos nuci~ferd)
 
This Palm is widespread in 
 the Pacific Islands. 
 The plant requires a wa
 

climate with litlei 
ura aito of 
tempeaure. 
Th ideal 
mean annual
temperature is around 
270C with an average diurnal 
variation nf
7%.1 The palm fails to flourish w'ien grown in places where the 
no more than 

.. ean temperature 
falli
s below 21'C. 
 Occasional 
short spells of temperatures lower 
or higher than
 
the optimum may be 
tolerated, but 
temperatures below 15'C result 
in fruit ahnor­

.1maIitie
 
The pa.m.. yrowis est wit rii nfd I between.300 1 andi 2 300 ri evenly 

distributed throughout the year. A total rainfall 
of 1,500,mm is desirable.The distribution of rainfalI-, drainage status and ,noisture-holding capacity of
the soi1 are more important than the quantum of total rainfal I . Since water
requirements 
are 
sohigh, deficiencies 
in moisture in the soil 
and air adversely 
affect growth. 

The inflorescence begins to form about 16spathe; months before the opening of
severe drought at the - " this point may kill 
the growing point causing the
spathe to 
abort. 
 The crop could be affected as 
late as 30 months after the
 

drought; complete recovery, occurs onlyafter.3 years.

The coconut is more or 
 less a coastal crop but is not necessarily confined
 

,- ;
A' to the sea coasts or to level.
sea 
 Coconuts are cultivated on 
a commercial
~4~-~4 scale in many places at elevations of over 300 m 
up to 600 m above sea level.
 

The Palm is semihalophytic; 
itis able to grow in solutions where roots cole
~Ainto 
constant contact with salt concentrations up 
to 0.6 percent that would be
 
lehd 
fo te'lnts. 4This permits the use of sea water for irrigation,

i-- thout adverse efecs However, exclusive Use of sea water on 

4ooutrees4
jp 7talIsspetialnentwith 
young t rees. 4-

4;'>' -, ~ 4 
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The coconut palm grows 
on many different types of soil 
provided that they
 
are free-draining and allow unrestricted root 
development and aeration. 
 The
 
wide and shallow root 
systems cf 
the palm intercept percolation and elnable
 
trees to flourish on 
shallow coralline and 
sandy soils in coastal beach and
 
atoll locations where other 
trees fail. 
 Poor soil drainage is a serious
 
constraint, and heavily leached soils 
produce low-yielding palms.
 

The tall palms that generally grow in the Pacific 
are vulnerable to storm
 
damage; cyclones and hurricanes 
are a hazard.
 

The, )>IQ ho, ' ,; K ) t ')I , i ) , itt ,; >l' fl ,iU: , i 

'is
/1,;i, 
,'iM l1 S,;lnt. )et~ween 1) drlile 3 Uyears. The prime years for the 
palm are between 30 and 40, and it can continue to bear between 50 and 100 years 
depending on care, fertility of the land and climate. 

Copra 
iS a CoConut product obtained for export by processing the dried coco­
nut neat 
before extracting the coconut oil.
 

Coconut 
is cultivated under plantation conditions in most of the Pacific
 

Islands.
 

b. Sugar cane (Saccharumi spp.)
 

Sugar cane 
is a large, perennial 
grass, with four cultivated species. 
 The
 
most common sugar cane 
under cultivation originated 
in New Guinea. 
 Its culti­
vars belong to 
the group of noble 
canes also called thick because their stems
 
are 
larger and contain more 
sucrose 
than other species.
 

Sugar cane is a crop which requires high temperatures, plenty of sunlight,

and large quantities of water. 
 The crop grows well in places with monthly mean 
temperatures of 24-27C or 
more and an annual rai nfal I of 1,500 mm. A short dry
 
season 
is necessary during the later stages of growth when the plant is storing
 
sugar. Sugar cane can 
be grown on 
a wide variety of soil 
types, but heavy soils
 
are usually preferred.
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Commercially cultivated 
cane is always propagated from short stem Cuttings.

The age at harvest varies from to10 15 months or more depending on climate and 
variety. 
 After harvesting the cane 
two or 
three ratoon crops may be harvested
 
before replanting but the yield slowly declines. 
 The yield ranges from 100 to
 
120 tons of Cane per hectare.
 

Sugar Cdne is susceptible to 
the following viruses: 
 Mosaic, Sereh, and 
Fiji disease. The production of sugar cane for export marketing is confined to
 

Fiji.
 

lidlri in.!li nL niLpl dli Ljr e herh a cer),s perennial plants of Asiatic ori ­
gin. Many species and varieties are grown under plantation conditions in the 
tropical zones. 

When ripe, all the carboliydrate reserves in bananas are in the form of
 
sugar and the fruits are eaten raw; 
in the plantain the reserves are 
starch,
 
requiring cooking before eating. 
 Bananas have 
a higher commercial value than
 

plantains.
 

These crops thrive 
in a wide range of environments between latitudes 300
 
north 
 and south of the equator, predominantly in the hot, humid lowland zones. 

The banana and plantain grow best in areas with monthly mean temperatures
 
around 25-30C 
 and annual rainfall greater than 2,000 mm. However, there aare 
range of cultivars 
that are adapted 
to high altitudes and 
lower moisture con­
ditions. 
 These crops require a rich, loamy, well drained and 
aerated soil with
 
pH between 6.0 to 7.5.
 

Banana is propagated from suckers which are cut from the parent plant
complete with roots when they are about 60 cm in height and several months old. 
The suckers are 
planted in holes usually 50 cm in diameter and 50 cm deep. 
 Most
 
bananas bear fruit about 
one year after planting. As 
soon as a plant has fruit
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e. Coffee (Coffe~
 
Coffee is 
a sma I tree or 
shrub native to the 
tropical rain 
forests of
 

parts of Africa and South-east Asia. -- _ and Coffea robusta are twocoffee species that 
are widely cultivated in tropical 
and subtropical uplands 
for their cherry-like fruits which contain seeds fromn which coffee is prepared.The cl.ima.tic 
 requireren 
 of arabica coffee are moderate mean nonthl ter­
peratures ranging between 16-250C and around 2,000 mm of annual 
rainfall. 
 In 
areas viher, annual rainfall is less than 1,500 nim th crop can he grown only
 

K w 
 i ': Li.h . . C.I f. fe (:,lfl he grown i a I .r Idn11 uf env'ifo..e tLthdin drabica. 
.

It thri ves at general ly lower alIt ituldes and 
. 

is more resistant 
to
leaf disease. 
 The soils ingeneral should be fertile, well 
drained but 
 e
 
S Liv
e of moisture, and slightly acid. 
 The preferred soil 
acidity ranges 
from pi4' 4.5 to 6.0. 

SCof fee i s norinal ly grown f romn seed, whi ch may be P1 anted 'inunursery bed 
The seedling plants 
are transplanted 
into the field' when 9 
to 12 months old.
 

Coffee
tres produe the fist crop at 
2 to 3 years, are 

A;8 

in fullI earingat6o
years and continue to give an 
economic yield for about 30 years.

The most 
serious disease of coffee is the rust d'isease caused by the fungus
Hemilei vat 
 i,- for 'which teei 
no'satf'sfactorfmnthod 
 ' 

Varieties resistant to 'rust have been obtained by inter-specific crossing.:;
 
The Arabica variety was cultivated in Vanuatu, Fiji 
and New Caledonia
 

beginning in 1880. When'leaf rutdsease appearedin the area 
the crop was
~virtdaall3/ abandoned. 
 The resistant robusta variety isunder cultivatilon in4
 
*~a reas where arabicai does. not thrive.'4 

f 
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0I
OifPalm (Elaei s guineensis)
 
oil paIm is a member of 
the. palm fami ly indigenous to tropical Africa. The


plant is an erect tree 10 to 30 m high, terminating in a 
crown oflarge pinnate

leaves. There are 
several varieties of palm 
that vary in fruit thickness and
 

*color. 
In their natural nabitat oil palms are foundalong the banks of rivers nd 

streams in transition zones between rain forest 
and savanna where water is plen­tiful and light has 
not been shaded by forest trees. 
 These requirements 
for
 
light dnd water confine commerci al exploitation to groves and plantdtions in
 
c red rdaIi fors:nu The crop' grows hesL anl nostis .)roductive Where the 
annual rainfall is 2,000 ormm more withe. t a prolonged dry season. 

Oil palm is propagated by seed which is )tained from fully ripe fruit
" hunches of high yielding palms. The seeds ire gerinated 
in trays and planted

* in nursery beds when they have 3 to 4 leaves. After 12 months in the nursery

the seedlings 
are transplanted into the 
field. The trees begin to bear at 4 to 
5 years and reach full yield in to10 13 years.. The economic life is about 50
 

, years. 
 The yield varies from 7,300 to, 18,200 kg of, fruits per',hectare,according to variety and fertility. The fleshy part of 
. 

the fruit constitutes 
35to 95 pretof the weight, oil 
50 to 65 percent. The oil, rich in pro­': tei:n, -fat,-andvi amin A. is pr incipall'.used to make soap and margarine and
 

'other edible fats.
* ;:' Oil palm is susceptible to several fungal 
diseases; serious outbreaks of
 

insect 'pests 'have' not 
been observed.
 

g. Other Commercial Crops
 

12_qona or kava is,
th Pomnnaeoiper methysticum 'a relat'ive' of iie 
chief beverage.-of Fiji .I take fro three,.to 
seven years to mature, and does 
 ' 
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best indeep soils under heavy rainfall. 
 Very high prices and favourable 
ecological conditions have made it the main cash crop of inland villages inViti 
Levu, Fiji. 

Tobacco was introduced as a
Crop by the Germans inNortheast New Guinea in
 
the 180.Since then, tobacco has never been more 
than a subsidiary crop. In
 
Fiji cigarette-type tobacco is yrown by 
smallholder cane-farmers and sold to
 
local factories for curing and manufacture. Tobacco is also grown and marketed 

on d very limited scale in the Solomon Islands. 

3. Fod t(r)1, 

a. Rice (Oriza sativa)
 

Rice is native
*.looded.
paddies to the Far East.., ric is'-.not The two subspecie-s;,: ,, . ., , . ., , Oriza sativa subsp.,. ; , ' I, • : •. 
fum~ Jdpan , Koirei Iml Not Cina on Drida saLt~dIVd si tbsl. ini(i Ifrom 

,It . . ! , India,q i ::' :Ceylon,<- ' . :I. Taiwan, . =.. : :,i' ~ " o .: 
;''- \:'.' -7:. ; . ,:' .South--. . : ". d.i.China and•, ." " Philippines: V .':"7!,- 5;;i;;) i? ­

'.'-, ' are/ / separated'.? %: '. : : '~ x ,i ' < ": ! :- : . " ... L Y! I' L::" by 9'ographic:: -!'! ., !-, ; "' ,- "q.. ?¢ r '', "? ''' ° ,' ; ?" : '% t', ' 't t'and genetic barriers.j °:.:/<:',:-??ii i.C,.. /: :,:i;: types areHowever, : ~i: .:ik ,( --i.:,/: :, i\ ;- .!;i !some intermediate ? ::• :, >i. :; ,;:.. -9 i _:t: ?"found in Burmna and 
,Java.' The varieties of japonica known as 
short grain rice have narrow dark
 
green leaves and lemmas with well developed awns; the plants are more adapted to 
long days. The graiii softens rapidly and becomes mushy after cooking. The 
cultivars of indica have broad pale green leaves, awns are absent and the
 
narrow, long griin remains separate and "non sticky after cooking. 

As a summer crop rice does not 
need cool temperatures to bloom and is not
 
resistant to freezing temperatures. The"'plant dies after being exposed to tern­

peratures between 0.5 to 5'C for more than 60 hours. The physiological need of 
high temperatures required to complete the different growth stages in rice 'is. 
greater than in corn but less than in'cotton.. Despite cultivation systems, of' 

addesric
flooed isnotan aquatic' plant. 
 Itis instead water tolerant and

hihysensitive to moisture deficiency 
hetween flower initiation,~and heading.
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The total amount of water that the plant needs to produce a pound of grain is 	 no 

more than wheat or other cereals. Efferson (1952) suggests that one of the main 
functions of water in rice paddies 
is to control weeds. 
 However, weeds can 
he
 

killed with 	propanill which makes it unecessary 
to use water for weed control.
 
Kung (1966) 	summarized the water requirement of 
rice as follows:
 

Average 	 Extremes
Water requirement from
 
transplanting to harvest 
 800 -1200 mn 
 520- 2549 min
 

" Transpiration 
 200 m 132
-500 
 1180 mm
 
Evaporation 

120fl - 3'm-):7]
*::,./PLr. 1 ),, ttorn 
 2 ,l{) liii3'. :1 1 i.
 

3? 
Kung also gave the following desirable water depths for 
the different growth
 
stages.
 

Average : Extremes 
During transplanting 2 - 3 cm Deeper water encourages 

deeper transplanting which 
delays the development of 
new root growth systems. 

After transplanting 
-5 8 cm 	 Drain-gradually at maximum 

tiller stage and fertilize,
 
then return the water 
as the 
soil surface starts to 
crack.. 

Panicle primordia development 5 ,8 cm 	 Shortage at this stages and
state 

. just following will cause
 

sterility and reduced yields.
 
After full flowering 
 Drain gradually.
 

Rice is a typical crop of temperate zones where the yields 
are three times
 
greater than in the tropics. Rice was 
unknown in Melanesia before the colonial
 
period and was introduced by employers 
as a crop to feed the laborers. To adapt
 
the cru~~op tomore tropical 
conditions the International Rice Research Institute
 

&in 
 the Philippines studied 10,000 varieties of rice and 
throuughselection ad
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suc cessfu l de e o e 

. . 

va i t e more suitabl
,.he1genu
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-.,;i'Yam 
 is :the edible starchy tuberous root 
of various plant~s of th
.... 
. ..
 
mates.
Discre tatlrgely replaced the ptoasa staple food 


The greater yam, Oioscorea alataprobably originated in Indochina an
in-tropical cli-
 ii
 

was introduced into humid regions.
special techniques of soil 
ridginnand draining
This transfer demanded the development of
to keep the tober in a loose
 

• frfi11)]e soi I ,nvi onmt-,rir, free fru,! exc ss 'oi t r .­ ' 
!.:. The soi I shi~oldl 5e a deep, sdndy loaiifrueefrown danger of waterlogging.Ideal condtitionion i
 

are a tropical 
climate withlteeperatures 

S around 30'C, a sharply, demarcated.. dry season of two to five a ttota'Yrainfaln months, andof some 1,500 rm
evenly listribut d trougiout the remainder ogenus
 

yer.cIt may e advantageous if the beginning.
s of the growing season coincides­

:
i;.with a day-length.of more than 12 hours, shor-tening as tec ote otualy deerioreatdepsn progresses. The !..i}.loaeer
sevre
i.:.' frughtdung ofe arlstag.: 
] sprout 'cannot withstand any degree of frost
atoes el grete sca and does-not grow well at. tem
Yams withstand periodso ..
severedoghti 
ding and
 
the leaf 
 parts of the plant die away and become dormant. During the dry period
 

-the iarge eeserve 
of wate and nutrients stored in t 
 thube are iused andlte
 

year Itmledantaeu
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common 
to harvest only what is required for consumption or sale and leave the 

remai nder of the crop in the ground. The tubers are variable i,'shape and size; 

they normally weigh between 5-10 kg. 

c. 
Sweet Potato (Ipomea batatas). 

The sweet potato originated in the tropical regions of Central 
and South
 

America and spread very early from the New Wdorld to the Pacific Islands, Asia 
an(I Europe. 

,' _ ' L o)'It;) 'i .:Ii r I1 vitll1,:it?,v i Ie-. i kp r tr ii ng . , ,i) 
t.:.U : . l~mg. lhe: . mes- are enlarged! ry that acclUirI 1 Lit a liarge quatn ity of 
starch and nutrients. Most ciiltivars yield well uinder a rangewide of. climates 
and soil conditions, but do best on light, sandy soils where annual rainfall is 
between lbU-1,300 mm. They are not toler..t t.o drought dur.if the growing 
season. In dry areas they are grown under irrigation. 
 The crop is propagated
 

Svegetatively fron cuttingsstemn that produce new .roots theon nodes. Less often 
it is propagated from shoots which grow fro germinated buds on the root tuers. 
Sweet potato is cultivated in garden plots and is not interplanted with other4
 
crops because the plant grows actively and covers all of the ground. A single 
plant produces from 10-30 root tubers ,irarely more than 50. Successive crops
 

<iay be 
taken by earthing up the stems after each harvest. 
Planting normially
 
* occurs at the beginning of the rainy season. Harvesting begins 3 to 5 mponths 

after planting. Yield, size of the root tuber and percent of starch and protein 
depends upon t[e cultivars, climatic variation during the growing period and
 

Sduration of the storage, period. 

Sweet potato tubers;:i, .: : . % .,. !.. ; ,. .:. can be infected by several .-,Afungus species which Cause~
 
~ them to rot dnd deteriorate rapidly when ;stored.* 
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dCassava 
 esculeSnta)
 a 

Cassava is also known 
as ananioic and tapioca. 
 Cassava is a shrubby, woody,
short-lived perennial plant that grows to 
about 3 
ii. Dwarf cultivars rarely 

exceed 1 in in height. The root tubers 
are the source of tapioca starch. 
The crop grows best in a warm climate with deep, rich, 
well drained soil
 

but it can be grown on a variety of soils 
from heavy clay to light sand.
 
S.. The tubers deteriorate in soils which are 
too wet. 
 A heavy well distributed
 

rainfall 
and average temperatures of 20%C are desirable.
 
Propagation is lone ve.t*'If~ v(.e y fr, t itLJnys which root, e si IY. Tho 

tue "bitter 
t]l.i:'].hey 

oyp fihe toicn uhnes tatre mreadyneforlharvstbutd toughoucontain-various amounts 
of the cyanogenei glucciside lcalled 
 iarn.I
 
t e "sweet th
type e xic substan 'ce are confined t o he rind oft e:i in •tuber; 
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iiTi"aro, 
 , .as ewS o dn ady_ ccwhen au'ri comote. name of species... 

. e,..cu n , ..h,..s.: . a e r..I.ato 2 ...m t dp .. .. d Stdrci iun o o .with ..a 700 


iii;::: ::" ... grown under a range of cl imatic condi tions but requires supplementary irrigation 
:;"i>" :::',where railfalI during"" 
 the growing season is less than about 1,750 mil. )Taro .is i/;:}

#{,i ';_ ''L;" m;ost''.product ive on:: 
 freshly. cleared. rain forest soilIs where t.he annual rainfal l":. .}::
}:!:ii:ii
":ii:ii exceeds 2,500 ml.wihave peiodusatsg .
 

The :cormisto ,mature 6-7 months after planting. Although :they-.::,::".
thbelvl
yater oe emrence'o te nflorescec ando
 
'
ii:]:]!(T:,.
may be harvested and eaten before thley maturp ithe" co.r.,s
leastsmabut ots hrity.Bbiiis~tal~o l)~atolsn do..... store well"J~',i,'
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A'40
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Pandanus or 
screw-pine (Pandanus odoratissinus) is widespread in islands of
 
the Pacific Ocean, where it grows along the coasts producing 
a belt of dense
 
ILjpenetrable vegetation. 
Pandanus is a densely branched 
tree with aereal roots,
 
6 m high. It is cultivated along river banks, canals or ponds for 
its edible
 
fruit. 
 The trees pruduce fruits 3 to 4 years after planting and are harvested 
year-round. 
 In the Pacific atolls 
the fleshy base of 
the fruit is eaten when 
ripe. The pulp from the fruit is mixed with coconut milk or grated coconut and 
the paste is baked into flat cakes. The leaves are used for thatching and for 
ma ki 'j mar. r i nq , sacks, rr'JF.,-, t,, hdat , uI'lhrH 1.i-js .il r , iriIp,;. 
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CHAPTER 'I U 

A. 	Physical Environment
 

1.Location
 

The Fiji Islands ar'e situated in the Southwestern Pacific Ocean between 150S 
and 220S latitude and 17.70E and 17 5OW longitude. Rotuma and a group of small
 
islands are part of the Fiiterritory. Rotuma is gegahclysp aeand,
 

lies 354 km north-northwest of Vanua Levu 
near 12030''S latitude and 177 01'E, 
longitude. The mai n archipelago lies entirely within the southern hemisp"here 
inidway hetween Sai;moa and New Caledlonia andl 1.,660 	 kli northl of New' Zealand. Fij 

* is comprised of d1bout 360) islands including two main islands, Viti Levu and 
Vanua 	Levu, nearly 260 small 
islands mostly in the Lau or Eastern group, and 
numerous islets, -atolls 	and reefs.
I 	 i , L ;I>? About; < a hundred islands are permanently: ,;';-;-;>; , : i ,i:l I'; > T,'- i 

inhabited but many more are used as temporary residences during the turtle­
fishing season. The total land area of the country is 18,260 square kin, about,
 
90 percent of which is occupied by the two main islands. 'The international
 

dateline bisects the territory, but for convenience the day is the same~
 
throughout the archipelago. Fiji is an independent nation member 
 of the
 
British Commonelh The map of the islands isshown in Figure 3.1.
 

2. GeogI3raphy and Topography~
 

The largest islands of Fiji are mountainous and of volcanic origi~n,, rising
 
more-'or less abruptly from two 
submerged platforms.''The western platform is'the4
 
broaderof t-he two;from it ris 
 Lu, Vanua L.evu, Tiaveui, Kadau, 

Lmii i IadtheY'aagop eeastern platform is deLomavit andtheYaswaThee 1
goup Isnarrower and eongated,,~


II.;X:and from it. ries nu Islands of the -Lau group. ht
 
,are separated bythe relatively deep watr 
 Tey are Joined 


anarrow ridye in 


t 	 JSe byiI 

the Nanuku passage Nt el ss ocen 

rops Lsteeply depthsyto over t 500 m. 


thi he thern 	 'flr;, 

r Ese grl e v u 
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The rocks of Fiji represent 
a longer period of geological history than
 
those of most Pacific islands aand include great variety of formations. Most 
of the largest islands are 
built mainly of ancient volcanic and andesite rocks,
 

with cretaceous and 
tertiary sediments.
 

Mount Victoria in Viti 
Levu is the country's highest peak 
at 1,323 m.
 

Viti Levu is the largest island with 
an area 
of about 10,500 square km, Vanua
 
Levu 
is the second largest with 5,500 square km. 
 Other large islands are
 
Kandavu, 440 square kin, and Taveuni, 435 square kin. The rest of the islands 

hdve an ireatunder 25) square kin. 

Viti Levu
 

Viti Levu meas;ures 80 from
km north to south and 145 km from toeast west
 
and comprises more 
 than half of the area of the Fiji territory. The island has 
many different surface features: 
 the high plateau in the central and 
east area;
 
mountain ranges that include more than 20 mourains with summits ranging from 
360 to 1,400 m; areas of hilly uplands, many of which 
are dissected by rivers;
 

areas consisting of low-lying plains 
near the coast; deltas of the principal
 

rivers; and low 
rounded hills.
 

The Rewa River is the largest in Fiji and is navigable for 97 to 129 km.
 

Its flood plain and portions of the delta, near Suva, 
are devoted to the
 

cultivation of bananas.
 

Viti Levu has more 
than two-thirds of the total 
population of Fiji. 
 Suva on
 
the southeast side of the island is the capital and 
seat of the High Commis­

sioner for the Western Pacific. 
 The city is the most important of the three
 

ports of entry of Fiji. Nadi (Nandi) and Lautoka are the major cities of the
 
west coast. 
 In the South, Sigatoka (Singatoka) is the principal city 
in a very
 

important agricultural area.
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Vanua Levu
 

Vanua Levu is the second largest island of the group, 
 it is 160 km long
 
with an average width of 51 km and 
a maximum elevation of 1,070 in. The mountain
 
system of Vanua Levu covers four-fifths of its entire area. 
 In many of these
 
mountains are thermal 
springs with temperatures varying from 380 
to 60'C.
 
The eastern extremity is deeply indented by Natewa Bay. The Natewa peninsula is 
connected with the rest of the island by a very narrow isthmus two and a half 
miles wide. The western or lee side of Vanua Levu is arid and covered by
 
scanty vegetation. The broken coast of Vanua 
 Levu provides innurverable harbors 
and shelt ered hays . Laba sa (Ld1bds, ) and Nanduri on the northL coast are impor­
tant towns in the center of the sugar-growing area.
 

Kandavu
 

Kandavu is located south of Viti Levu. The island is about 52 kin in length 
and varies in width from 13 to I kin. isIt of volcanic origin and has some high 
mountains. 
 The highest point is Mount Washington at 
840 in. The land is covered
 
with tropical vegetation, pastures and arable areas. 
 Vunisea is 
a town located 
on d small isthmus that nearly divides the island in two.
 

Taveuni (Somosomo)
 

Taveuni 
ranks fourth in size of the Fiji group. 
 Located exactly at
 
meridian 180, it is separated from Vanua Levu by the Somosomo Strait. 
 The
 
island is 37 km long with a coastline of 100 km. 
 The terrain rises sym­
metrically on 
both sides at Uluingalau mountain, the 
 highest point at 1,230 m. 
The island is of volcanic formation covered with luxuriant tropical vegetation
 
and can support cultivation from the 
sea coast 
to the summit. Coconut, coffee
 
and tropical fruit are 
grown on the island. 
 The population is concentrated on
 

the northwest coast.
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Ngau 

Ngau is 21 km long and 7 km in average width with 
an area 
of 140 square km.
 
The north end of the island is dominated by the 705 m twin peaks, Delaico and
 
Delaicoboni, standing little 
more than 1.5 km apart. The land 
is fertile and
 
well watered. 
 The high land in the north part and 
the main ridges running south
 
are covered with dense 
rain forest. 
 Fhe western peninsula is open and covered
 

with grassland.
 

Ovalau
 

The island is 13 by 11 km. The origin is volcanic, with high, rugged, 
st. p hills risilly t') huijhLs of 9)[5 Il. The valleys ire ndrruw and fertile. 
This island v.ds one of the favorites settled by the earliest Europeans. It
 

possesses numerous 
 safe harbors. 

Ke(t'
 

Ko,: ), 100 square km, is 16 km 
 long and 8 km wide at the northern end.
 
The souti tapers to a promontory called Alldin point. The mountains 
are densely
 
wooded. The highest part rises 
from the central plateau to 616 m above sea
 
level. Most of 
the villages are located 
on the windward coast.
 

Other Islands
 

The Yasawp Islands extend in a north-northeasterly direction forming a com­
paratively narrow chain for 
a distance of 72 km. 
 The group is located north­
westward from the northwest coast of Viti Levu. 
 There are 16 islands with
 
numerous small 
islets and rocks, making up an 
area 
of 130 square km. Naviti 
is
 
the largest of the group with Yasawa 
second. 
 The islands are 
of volcanic ori­
gin and their summits range from 230 m to nearly 610 m above sea level. The 
surface of the islands 
is rugged and broken, and the area 
of land suitable for
 

planting is limited.
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The islands and atolls of the Lau 
or Eastern group are 
scattered 
over three
 
and a half degrees of latitude between 160 and 
19030'S and two degrees of longi­
tude between 1800 and 178 0W. 
Within these limits the islands and reef 
are
 
unequally distributed, being thickly clustered in the north-eastern and east­
central areas. 
 To the south the islands are separated by wide spaces of open
 
sea. The aggregate area of the group is 440 square kin 
distributed among 29
 
principal 
islands. One-third of 
the area is in three islands, Moala, Lakemba
 
and Vanua Mbalavu. There are 
five other islands above 26 square kin. 
 The
 
remaining islands are very small; hundreds of them are only one square kin.
 
Of tlie 2') priici pal i ,lian(k , 1 are of pomr 
 I i mestone formaltion, ' are limestone 
invaded hy volcanic rucks andloly 3 dre whul ly of volcanic origin.
 

Rotuma 
 is 12 kin long and has a maximum width of 5.6 km. The land is fer­
tile and covered with groves of palm. 
 Copra is the principal export.
 

3. Climate
 

The territory of Fiji has 
a tropical 
humid climate (Trewartha, 1968).
 
During most of the year the Inter-Tropical Convergence Zone lies 
to the north,
 
and the prevailing winds 
are 
the trades that blow steadily with little interrup­
tion from the east, varying east-southeast. 
 Under these conditions the windwarG
 
sides have relatively high average rainfalls while the central mountains cause
 
rain shadow 
on the northern and 
western slopes. All the leeward areas 
are rela­

tively dry.
 

From November to March or April 
the Inter-Tropical Convergence Zone lies
 
south of Fiji 
and the wind direction is more 
variable. During these months
 
tropical cyclonic storms 
or hurricanes 
are most likely to develop. The asso­
ciation of disturbed conditions with low pressure bring about 250 mm of rain per
 
month 
to all parts of the islands. February and March 
are usually the wettest
 
months in both the dry and wet zones. 
 The dry 
zones have a clearly defined
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rainy season from December through April with heavy rains during January and 

February.
 

The temperatures 
in the coastal areas 
range between 150C and 320C with 
an
 
average annual 
mean temperature around 250C. 
The dry zones are cooler in winter
 
than the wet 
zones. 
 In the mountains at 
higher elevations the winter tem­
peratures may 
fall occasionally to 5°C. 
 The mean monthly relative humidity 
varies from 73 to 83 percent, with extremes of 60 to qo percent in the wetter
 
zones 
and 45-86 percent in the drier 
areas.
 

Considering the topography and 
rainfall distribution throughoumt the year

tjie rorri tor, of Flii Can he clivid d into thrt-'e hjrocilidti_ reuion Th(,!iL r'ii f ;',kj~, I,(s_r 1i d .r re o h 

Region - Strong dry season. Total annual rainfall 
between 1,800-2,700 mm, 

Region I - Moderate dry season.
 

IIa. Total annual raidnfal II , (-2, () mm. 

lib. Total annual rainfall 2,000-3,700 mim. 
Region III- Weak dry 
season. 
 Total annual rainfall 
between 2,600-6,400 mm.
 
Figure 3.2 shows the location of 
the WCdther stations considered in the
 

analysis, the agroclimatic regions, the distribution of the 
regional rain­
fall 
 the wind direction.
and The distribution of 
the annual rainfall for
 
selected stations 
is shown in Appendix A. 
 The mean annual rainfall 
is shown in
 

Figure 3.3.
 

Region I includes the west coasts of Vanua Levu 
and Viti Levu. This
 
region is located in 
the rain shadow 
area caused by the mountain range and 
the
 
high central plateau. 
 The dry season lasts 
from 6 to 7 months. Rains are 
very
 

heavy during February and March.
 

Region Ila 
includes the 
eastern island of 
the Lau group. Region lIb in­
cludes the central 
parts of Vanua Levu and 
Viti Levu and 
the west sides of
 
Taveuni, Koro, Ngau and Ovalau Islands. 
 The dry season 
of these regions lasts
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for 4 to 5 months and the 
a 
;: ~~----:':! n a" i s W':'ll'i s - ai hrf g sh year.':;::;: i :;: r ea a 11­ te.-t he-- -";. ot e -mod rear:;. r. ; ;t- 'r";-..Region III includes the windward zones of Vanua Levu and Viti Levu. The
 

rainfall iswellI distributed throughout the year.
 

4. Soil 
and Natural Vegetation
 

Fiji has a wide variety of soil 
types, resulting from major differences in
 
the parent or 
underlying rock, topography, and climatic influences. 
 Most of
 
Fiji's soils 
are of low fertility. The windward 
area 
of the main island has 

alluvial 
and colluvial soil 
in the flat or hilly areas and lateritic soil 
in
 
the mountainous 
 zones. Soluble soil minerals are usually leached hy huavy
 
rains. In lowland areds 
 fine clay particles form a hard pan which prevents
 
water drainage. In lthe nountain. ar2a heavy rainfall 
and high temperatures cause
 

the formation of lateritic soils. 
 These soils are suitable only for temporary
 
production of 
food or cash crops. After 
several 
seasons of cropping, the 
land
 
has to be abandoned and 
left fallow or 
idle in order to 
regain the fertility
 
lost by cropping. 
 The leeward zones are 
less affected by climatic extremes.
 

The soils of the alluvial 
flat located in the main river valleys are 
reasonahly
 
fertile and cultivated with sugar cane. 
 The soil 
is stable but requires fer­
tilizing and 
green manures 
to maintain fertility. 
 The western hills area 
of
 
Viti Levu, called Talasiga, has poor soils 
that support low vegetation,.
 

At present these areas 
are of little agricultural value but they may be
 
improved by using fertilizers to produce crops such 
as pineapples. Some of 
the

hill 
slopes, which receive enough rainfall to support forest 
growth, may be used
 

for plantations of pine *forest. 
 Soil types for major islands are shown in
 

Figure 3.4
 

There is great contrast in the vegetation cover between the windward and
 
leeward sides of the largest islands. Inboth Viti 
Levu and Vanua Levu tropical,

-ai n forestgives way 
to grassland oftenby 
 indlgenus reed grass....
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Much of' the l'ow hil1'count ry i s 'cover 'ed wi th tafl1as,'sS wi th scattered trees 
sch as casuarina, pandanus and acacia. 
 More than one 
half Of' the total area of
 

" '~s~~0the
5 country iscovered by tropical rain forest. Mangrove swamps flourish in the
 

deltas and along'the shores.
 

The smnall coral 
limestone islands have little spontaneous vegetation due to 
thei r thin sandy soil1s . 

B-. Agricultural Practices
 

' 1. Overview 

dlirectly cilgagedi in ayricul-tu whi le ,many others dre occupied in processing 

mnost fimportant type of jgrictilturt is vilIIag firmi ng. The traditional Fijian 

IIagesv l uise' communal land . The farmning is trdditionally done by the land­.5,., . . . . h~ c o.. n t "' c o v . . 5. . ... . ... -. .. . ......-i...-. 
 . . 5.5 55....."... . .... ..5.... : . -. . . 'ow~ning,Sss1...'. groups1 . called I'tokatoka, Matagali5Y e ~ l all 
g system there is : 

S.5.51- . .5.. .'........ • or. ...Yavusa. Inthisw th 5 . - -51 .. . 5I.51,
: . . :, .... ..-c t e e 5 
1 :. . 3.. 5. 55 51. 5 " : " ' 

r e . ' ....5 . 
, :? : ':- . J. . 3 4..5..5 '"' s" " " :.5".as5 S' .55jcasua5no individual title or ownership. '' 'r 5 55an5d. 

The I 'tokatoka is an enlarged fjimi ly unit or group1 descended from 
'brothers that wqork in communal land. *The Matagali isa group of various fami­
ilies with intermarriage linkages. The 'Yavusa is a combination of several Mata-

Si gali .. These systems: of social division, similar to a clan, own' 83 percent of 
the total land area of Fiji. 
 Any member of the unit is entitled to use a part
 

K OF the land', but the actual division is decided 'by local 
custom. 'Village agri-

culture varies according to local 'conditions imposed by slope, soils, climate,' 

.. 

5 55 ralie f and access t ra nres
 

~ ~ The traditional cultivation mnethods 
 are characterized by clearing without 
~'the~'use of firer to rid the garden site of vegetation. Cmlti vation is. repeated 

I 

arq nintervals or is maintained continuosyfranib ,o years so -. 

.- . ­ " ' 5 .5 / - . . ... ', 55 ..." . 5 .5<5 



that the period under fallow is shorter than the period under cultivation.
 
Major crops are planted in large one-crop plots; some minor crops are planted in 
separate and essentially one-crop gardens.
 

The most important commercial crops 
in Fiji 
are: sugar cane, coconut,
 
banana, green ginger and yaqona. 
 Some miscellaneous crops such 
as mangoes,
 
soybeans, yarns, 
 sweet peppers, eggplant and passion fruit 
are exported to
 
various countries, particularly New Zealand. 
 The principal 
food crops other
 
than those imentioned are: 
rice, maize, sorghum, millet, 
sweet 
potato, groundnut

,ind heans. Figure 3.5 shows the distrihution nf -J(Jni,:ulrJr,11 land use anld major 

C (0) s 

2. Commercial Crops 

a. Sugar Cane
 

Sugar cane is Fiji's most important cash-crop. Raw sugar accouints for
 
between 60 
 and 75 percent of Fiji's income from domestic exports 
in a normal
 

year.
 

Early sugar cultivation 
in Fiji was 
in the humid so'ltheast area of Viti
 
Levu, but by the mid-13,8, 's the superior ecological conditions of the dry zones 
of 
the two main islands 
were recognized. 
 The main outline- of the present 
sugar belt 
were delineated by 1903. 
 Cane farming is now confined to those parts

of the western and northern areas of Viti Levu and Vanua Levu with mean annual 
rainfall between 2,000 and 
2,500 mm. Sugar 
cane was 
grown 
in the Rewa Valley

until 1959, but extremely wet conditions made sugar production uneconomical. 

The pattern of farming activities is closely tied to seasonal climatic 
changes and 
to the demands of the harvesting seasons. 
 Planting is froi
 
September till 
November, but small 
areas 
are also planted from April 
to May.
 
The first harvest takes place from 12 to 
18 months after planting. Sometimes
 
one or two ratoon crops 
are taken at 
slightly shorter intervals before the field
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is ploughed and replanted after a rotation period under grass, rice or root 
crops. 
 About 70 percent of the planted 
area is harvested each year.
 

The period of high rainfall 
in the present 
cane areas coincides with the
 
hottest months. 
 This provides ideal 
growing conditions. 
 The marked dry 
season
 
during the middle of the year helps the development of a high sugar 
content in
 
the cane stalk 
before the harvesting season. 
 Sugar cane farms in Fiji have be­
tween ten and 
twelve acres. 
 This area is small enough for 
a single family to
 
manage without hiring outside labor but large enough to produce a reasonable
 
income. 
 The latest figures in annual 
production are: 
1980-396,()0 tons,
 
t981 -470,I)0 tons, 1982-486,6(00J tons, 1983-25(0,000 tons. The production of 
sugar in 1983 was 
affected by 
two hurricanes 
and severe drought (Carter 1984).
 

b. Coconut
 

Copra, 
a product of coconut, is the second most important agricultural 
pro­
duct in Fiji. 
 The sale of copra and copra-products has 
accounted for between 16
 
to 
25 percent of the domestic export 
income during the last decades.
 

Although palms 
are found in all 
coastal 
areas, the main copra producing
 
areas are the eastern and southern parts of Vanua Levu and Taveuni. 
 Other
 
islands with coconut plantations are Kandavu, 
the Lau group and the Lomaiviti
 
group. 
 The latest figures 
in copra annual production are: 1980-22,525 tons,
 

1981-20,371 tons, 
1982-22,056 tons 
(Carter 1984).
 

c. Other Commercial Crops
 

Cacao is cultivated in Taveuni, 
Northern Vanua Levu, and the Eastern 4-egion
 
of Viti Levu. 
 Most of the suitable cacao land 
is used for banana and coconut
 

production.
 

Tobacco grows well 
in the Sigatoka Valley and 
LIong the Nadi 
River. Its
 
commercial production is under the control 
and guidance of the Department of
 
Agriculture. 
 Cigars are manufactured 
for local consumption, and the Fiji
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tobacco company has a factory in Suva. 
 Marketing problems limit production.
 
Ginger became an important export crop in the 1970's. 
 Raw ginger is
 

exported 
to Asia, North America and Europe. Passion fruit pulp and juice 
are
 
manufactured 
in Sigatoka for 
export to Australia, New Zealand and 
North America.
 

Small quantities of vegetables such 
as yams, beans, tomatoes, garlic and
 
eggplant are exported 
to New Zealand. 
 These crops are cultivated on irrigated
 
farms 
near Na.i. 
 Other crops for export are coffee, tea, rubber, palm oil,
 
pineapple, and citrus. 

3. Food Crops 

a. Rice
 

Rice is the staple food of Fiji's population. 
 The rice growing area is
 
confined to the codStdl lowlands but is undertaken under varied climatic con­
ditions. 
 Roth "wet" and 
"dry" rice varieties 
are grown. 
 The land is prepared
 
for "wet" paddy rice from November or December after the first heavy rain until 
January. 
 The rice 
seed is planted in nursery beds. 
 After the shoots 
are about
 
30 cm high they are transplanted to the wet muddy main fields. 
 At least 300 mm
 
of rain a month are 
needed during the growing season, which lasts up to five
 
months. 
 "Dry" rice cultivation involves the direct sowing of seed by hand
 
broadcasting, spreading, or 
drills made by 
a tractor-drawn implement. 
 This is
 
often done on 
sugar cane 
land during the short fallow period after the harvest
 
of the ratoon crop. 
 Dry rice matures quickly but, unlike wet rice, requires
 
weeding. The main concentrations of production outside the cane 
areas are 
in
 
Western Viti Levu, 
in the upper Sigatoka Valley where rice is produced with a
 
wide range of other crops, and 
on 
the delta plains of the Rewa and Navua Rivers.
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b. Banana
 

Bananas were an important export crop in the 1890's; 
1914 was a peak
 
production year. 
 The closing of the Australian market and internal problems
 
resulted in 
a steady decline until 
recent years.
 

The principal areas producing bananas are confined to 
the wetter eastern
 
parts of Viti Levu in the valleys of the Rewa River and 
its tributaries.
 

Although bananas 
are a cash crop easily adapted to the traditional pattern

of agriculture in the villages, the isolation of the interior valley areas 
has
 
been a major problem. Intil recently, standards of cultivation were poor. In 
addition, poor handling and packing make it difficult for Fiji to compete with 
othe,- Pacific island territories. 
 The Waidradra Research 
Rtation in Viti 
Levu
 
was started in the 1970's under an 
intensive banana proJe,-t 
to overcome the
 
problems with diseases. 
 Ranaria exports, 
once a big earner of overseas exchange
 
ceased in 1974 (Carter, 1984).
 

c. Other Food Crops
 
Maize is cultivated 
on farms near Nadi (Agroclimatic Region I),and 
more
 

recently it is grown intensively in the Sigatoka Valley (Agroclimatic Region
 
II). Average maize yield is about 2 tons per hectare.
 

Sorghum and millet 
are cultivated on 
a small scale throughout the western
 
side of Vanua Levu and Viti Levu 
(Agroclimatic Region I).
 

Taro and cassava are 
mostly consumed locally. 
 Both crops are widely culti­
vated in every agroclimatic region. 
 Taro is more vulnerable to drought than
 

cassava.
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4. Crop Calendar
 

In Agroclimatic Regions I, Ila and lib, rice is 
sown from November until
 
January and harvested between March and July. 
 On the east coast of Vanua Levu
 
and Viti Levu (Agroclimatic Region I1), 20 percent of the area 
is irrigated and
 
there are two crops per year. 
 The 	first crop is 
sown in December-January and 
harvested in March-April. 

October-November. 

The second crop is sown in May and harvested during 
In the west and north 
areas of the main islands (Agroclimatic


Region I), rice production suffers from 	drought about once 	 in five years. 
Sugar Cdne is planted Ietween September and November at the beginning of 

the 	rainy season. Small areas are 
also 	planted during the hot wet 
season in
 
April-May. The harvest takes place 15 to 18 months after planting. 

Beans are sown between March and May and are harvested in June-uuly. 
A second bean crop is harvested in September. Pigeon peas 
are sown mostly
 
during March-April and harvested after 3-31/? months.
 

Taro 	and 
cassava are planted and harvested year-round. 
 Banana and coconut
 
are harvested throughout the year. 
Several sources were used 
t estimate the
 
crop 	calendar shown in Table 3.1. 
 Further verification is needed before the
 
crop calendar can 
be used in operational programs.
 

C. 	Economic Activities
 

The most important components of Fiji's economy are 
agriculture,
 

timber, mining, manufacturing and tourism.
 

The major crop, contributing to export earnings 
as well as 
to domestic
 
revenue are 
sugar cane, coconuts and ginger. 
 Both 	sugar cane 
and coconuts are
 
processed locally and provide employment and 
income for the industrial labor
 

force as well 
as for farmers.
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------------ 

TABLE 3.1. ESTIMATED REGIONAL CROP CALENDAR FOR FIJI
 
///Planting/Sowing, ---Vegetative/Flowering, 000 Harvesting
 

Region Crop J MA
F M J J S
A 0 Comments
 

Region I Rice // 00( 0000C 
 /0 // Often as a 5 month 
crop between sugar 

Maize /I -- 00 00 0000 1/ cane in Vanua Levu
Planting Sept-Nov.


(Corn)

Sugarcane ... ------ -00 00( 00 00 00 00d 00 00 Principal crop in 

--------------. 
 // / / --- the region. jharvest

from 15 to 18 mos. 
Often planting
 
rattoon crop after
 
12 mos. 

Region Ila Rice 
 /// 00 00 00C00 00 I //
and hlb
 

Maize // // 00 uo( 00 00(W 00 / // 
Sugarcane ...........------ OOC 00 
000 OOC0 ... Most planting tape


--- --- // ///---------------------place during hot wet
 
Beans and season March-May.
//I // /// 00( 00C 00 00
 

Peas
 

Region III Rice (1st)// - OOC 0 Rainfed rice.
(2nd) ///-----------00(00 
 About 20% of the
 
Mai z e/ / / / / / land, irrigated.- - OO OO OO 

(Corn) 
 /
Banana OOC 00 000 OOC 00G 0000 00( OOC 00 Principal crop inthe region.
 
Beans /D/and Peas 0000 --- 00 Rattoon crop is

harvested in Sept.
 

Regions I, Coconut GO( 00 00C 001 00C 00 00( 00 00OO 00C 00 
Ila, liband III Cassava 
 /I /I I // // i //, /i i // // // Planted and har­00 00 00( 00( 00C 00 OOC 00C 00C 00( 0000 vested throughout


the year'. PlantedTaro at// I/ //I / // i / / / / // / / I anytime and harvested

00 000000 00C DOC 00 0000 
 0000 OOC O O0 yar-round. 
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The world sugar market is in most years more than well 
supplied by the
 
joint production of several countries. 
 The proportion of sugar that Fiji
 
supplies to the world market is very small. 
 In 1970, under the Commonwealth
 
Sugar Agreement, Fiji stabilized 
a quota to supply the United Kingdom at a
 
stable price that was 
at that time substantially above the world price. 
 Also
 
under the International Sugar Agreement, Fiji 
has a basic export tonnage
 

to Canada, New Zealand, Singapore and Japan.
 

The preparation and export of copra was 
Fiji's earliest industry and still
 
ranks high compared to the sugar industry. The market for copra, although the
 
world price fluctuates, is likely to 
last into the indefinite future. 
 There is
 
plenty of land available for bananas which at 
one time occupied a high place
 

among local products.
 

Altnough timber is 
one 
of the principal natural resources, forests have
 
been regarded as a wasteJ asset. 
 Timber presents the prospect for productive
 
use of very large areas of non-arable land 
that at present are underutilized
 
and for which it is very difficult to find 
a productive alternative. For most
 
of the under-developed parts of the island, the land 
can be used for forests.
 
This applies both to natural forest and to 
timber plantation.
 

Mining has a long history in Fiji, though only gold has been mined con­
sistently on 
a large scale for any substantial period. 
 Other minerals such as
 
iron, copper and manganese are 
also found in Fiji. The government is a partner
 
in all 
mining ventures and although the mining industry has 
not been well de­
veloped, it is considered an important source of 
revenue for the government.
 

The most important manufacturing operations are 
the processing of
 
agricultural commodities for export. 
 In addition, enterprises are being
 
encouraged 
to produce a wide range of commodities for domestic use. 
 Some of the
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small-scale manufactured products 
are concrete blocks, furniture, plywood,
 
clothing, jewelry, plastic articles, paper products, cosmetics, and 
a great
 

varie',, of food products.
 

The tourism industry in Fiji 
has expanded during the past decade and ranks
 
as 
the fourth most important industry in the country. 
 However, improvement
 
of interior communication on 
Vanua Levu and Viti 
Levu is necessary for the
 
future development of tourist attractions.
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CHAPTER IV
 

GILBERT ISLANDS (KIRIBATI)
 

A. Physical Environment 

1. Location
 

The Gilbert Islands 
are 
part of Kiribati, an independent country that also
 
includes the Phoenix Islands and 
the Line Islands. The total 
area of the country
 
is 76 square km tri htel ainamonq 33 islands scattered over more thdn five
 
million square 
 kin of ocean.
 

The Gilbert 
Islands are situated between 4'N and 3'S latitude, and
 
between 172'E and 
177E longitude. The archipelago is composed of 16 islands
 
with a total 
land area of 272 square kin.
 

The main islands of the Gilbert group are: 
 Tarawa, Butaritari, Tabiteuea
 
and Nonouti. 
 Other islands 
are Little Makin, Marakei, Abaiang, Maiana, Abemama,
 
Kuria, Aranuka, Beru, Nikunau, Onotoa, Tamana and Arorae. 
The island of Banaba,
 
also namea Ocean Island, that lies 
near 0.52 0S latitude and 
1690 35'E longi­
tude was annexed 
to the Gilbert Islands 
in 1979 when they became part of the
 
Republic of Kiribati. 
 A map of the islands 
is shown in Figure 4.1.
 

2. Geography and Topography
 

The Gilbert Islands 
are atolls composed of coral 
reefs built of ridges from
 
the Centr'dl Pacific platform. 
 In most of the atolls the reef encloses a lagoon.

The islands often rise 
no more than 3.6 m above sea level. 
 They are usually
 
higher on 
the eastern side than on the western because the trade winds that blow
 
from the NE and SE pile up coral fragments and 
sand. 
 in a few cases the lagoon
 
is filled, becoming a mass of solid limestone surrounded by 
a reef.
 

63
 



I 0 

175 E 177 0E 

0 LITTLE MAKIN 

o:i-
30 N 

BUTARITARI 

:3N­

( MARAKEI 

ABAIANG 

OTARAWA 

MAIANA 

PACIFIC OCEAN 

KURIA *% ABEMAMA 

° %; ARANUKA 
-0 00
 o
 

-


NONOUTI 

BERU
 
TABITEUEA NIKUNAU 

ONOTOA 

20 40km
 
I I I I
 

TAMANA
 

GILBERT ISLANDS ARORAE 
YS 0(KIRIBATI)0

305 173°E 175 0 E 0E177


Figure 4.1. Location of the Islands.
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Tarawa
 

Tarawa is
a port of entry and 
is the main center of Kiribati. 
 The atoll is
shaped like a triangle with islets on 
its southern and eastern but not 
on its
 
western reef. 
 The island's lagoon has 
one navigable entrance. 
The perimeter of
 
the atoll is 64 km and 
the 
area 920 hectares. 
 This atoll 
is the most populous

in the group. The island has 
a moderate annual 
rainfall of around 1,500 mm with 
a peak during January. Coconut and pandanus are the principal crops. 
 Bananas,

babais (taro), 
sweet potatoes, cassavas 
and breadfruits 
are cultivated on 
a
 
minor scale for domestic markets. 

Rut,tri tciri 

Butaritari 
has a triangular shape, and is 18 km 
long from east 
to west.
 
Its lagoon has 
two entrances 
for ships and provides good anchorage. Most of the
land is theon south side of the lagoon and is a continuous grove of coconut and 
pandanus. Butaritari receives around 2,000 mm 
of well distributed rainfall each
 

year.
 

Tabiteuea and Nonouti
 

Tabiteuea, 80 km in length, is the largest island of the group and is
 
second in population. Nonouti 
is 39 km by 16 km. The lagoon has 
an entrance
 
for vessels and there is good anchorage. 
 This 
island receives 
an annual rain­
fall 
of around 1,000 mm with the maximum amount 
in December. 
Coconut is the
 
major cash crop.
 

Other Islands
 

Abemama is 19 km by 8 km. 
 Aranuka comprises two islets 
on a 10 km long

reef. 
 Banaba is situated 400 km west of the main Gilbert group. 
 It is 10 km

in circumference with a maximum elevation of about 78 m. 
The entire economy of
 
the island was based on phosphate deposits that were worked out; the mining
 

ceased after 1979.
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3. Climate 
The Gilbert Islands of Kiribati have 
a tropical wet 
and dry climate
 

(Trewartha, 1968). 
 The mean temperature is around 28-290C with little variation
 
during the day and during the year. 
 The lowest temperature ever recorded was
 
22 0 C and the highest, 370 C. The trade winds blow throughout the year with a
 
strong northeasterly component and exercise a moderating effect on the tem­
perature. 
During November to April 
the westerly gales bring abundant 
rainfall
 

to the islands.
 

In spite of their eqiutori l sit ldtirn the Central and so;It.hern lSlindis 
suffer from severe drought. The driest months 
are September and Occober. 
 The
 
wettest months are December and January. The other mouiths are relatively dry.


Taking into consideration the climate throughout 
the year, the Gilbert
 
Islands can be divided into 
two agroclimatic regions. 
 The characteristics of
 

the regions are:
 

Region I: Strong dry 
season. 
 Total annual 
rainfall 850-1,300 mam. 
Region II: Moderate dry season. Total annual rainfall 1,300-2,300.
 
Figure 4.2 shows the location of the weather stations considered in the
 

analysis, the agroclimatic regions and 
the distribution of the regional 
rain­
fall and 
the wind direction. 
 The distribution of the annual 
rainfall 
for
 
selected stations is shown in Appendix A.
 

Region I occupies the central and 
southern islands. 
 The dry season lasts 4
 
to 5 months, 
from July to November, 
The wettest month is January.
 

Region II 
 is located 
in the northern part of 
the archipelago. 
 The dry
 
season 
lasts 3 to 4 months, from August 
to November. 
 The wettest months 
are
 

January and April. 
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Figure 4.2. Aqroclimatic Regions, Distribution of the Regional Rainfall, Wind
 
Direction 
 and L.ocation of the Weather Stations Considered in the
 
Analysis.
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4. Soil 
and Natural Vegetation
 

The islands are infertile coral atolls with sandy coral 
soil that has
 
little depth or nutriment. 
 The natural vegetation is very poor; there are
 
only a few species of natural flora.
 

Apart from coconuts and pandanus, most of the other indigenous trees 
in the
 
islands are 
of the low scrub type. Some mangroves grow in lagoons which have
 
become swamps. On islands there are
some small natural stands 
of the hardwood
 
Cordi a SubCrdt_a , hut tie qilanti ties are i nSutf ictienrt -) wdrrdfnt coI,,erci a l
 

111i 1 I i fl.
 

The introduction of cultivated plants is limited because they are not very
 
successful. 
 Failures have been attributed mainly to 
the calcareous formation
 

and hi gh al kal ini ty of the so 1.
 
Some salt-tolerant species, 
 mai ily casuarinas, have been imported and 

planted as 
wind breaks, for firewood or to 
check erosion. Nearly all 
intro­
duced plants exhibit the symptoms of chlorosis, from the almost complete lack of
 
chlorophyll to 
a slight yellowing of the leaves; 
in all cases 
growth is stunted.
 
Organic matter in the form 
of mulch and compost has been supplied and certain
 
fertilizers and 
trace elements used to 
help to overcome 
the deficiencies.
 

B. Agricultural Practices
 

1. Overview
 

The agricultural practices in the Gilberts 
are very primitive. They are
 
centered around copra production due to the extreme difficulty of 
growing other
 
crops on a 
commercial 
scale. 
 The rainfall 
is favorable for agricultural
 
production in the northern islands, but other 
areas are subjected to periodic
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droughts. 
 Water shortages result in 
poorer crop yields during dry years.
 
Agricultural 
progress is hampered by 
land fragmentation. 
 Due 
to the fast
 
population expansion, only 1.? hectares of land 
are allowed 
per person. 
 Unlike
 
the farmers of 
more 
fertile islands, Gilbert 
farmers 
can do all 
tne cultivation
 

necessary on their farm in one day per week. 

2. Commercial Crops
 

The major part of each island is covered with coconut palms which provile

the islanders wi h in importint oijrce of food an:( drink. The juice froo , 
./'),iij wqtlro ;()or.. ;f L e Coconut palm is c1 l led t)idy ad 1,; C(llected by
slicing the 
tip of d shoot with d knife ind collecting the dr'ps by bending the 
lower part of 
the shoot. 
 The fresh toddy contains up to 
16 percent of sugar and

is one of the mai sources of vitamins on islandis where green andvegetahles 
fruits are rare. Coconut palms are mostly uncultivated and generally grow close 
together. The coconut improvement cmmnpaiqn standardized the spacing of palms
for replanting at 7 m on the trianole, giving a populition of 190 palms per
 

hectare.
 

Most of 
the copra is cut 
by individual 
landowners and 
sold 
to the
 
local cooperative. 
 It is therefore difficult to 
obtain actual 
production
 
statistics. 
 In nearly all 
the islands the 
low rainfall permits 
the production
 
of good quality sun-dried copra. 
 In the northern Gilberts where rainfall 
is
 
greater a small 
Auantity of copra 
is hot-air dried.
 

3. Food Crops
 

In addition to coconut, other crops which 
are grown 
to some appreciable
 
extent are: 
 breadfruit, pandanus 
and babai. 
 On some northern islands, 
pawpaws,

bananas 
or plantains and 
sweet potatoes 
are also grown on 
a limited scale.
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Babai 
is the most important crop cultivated in the southern islands. 
 It is
 
grown in the muddy bottom of pits at 
ground water level. 
 The only care after
 
planting is the addition of 
leaf compost as 
marurL about every three months.
 
The use of 
manure is important because the pit is under continuous cropping with
 

no rotation 
or fallow.
 

4. Crop Calendar
 

Most of 
the crops grown in the Gilbert Islands do not 
have a fixed planting
 
or harvesting season. 
 In the northern islands, Agroclimatic Region I, 
sweet
 
po)tdto i the I:11/ tr ly s(, )r1m(l Cr;) " Th(, ila ntinq ()f ;-vlW t ;mritr),'; Stdrts 
in !iec-r,ber, imrnlidi3t.ely ifter the heylinniny of the rd iny season, and continues 
until April-May. The harvesting season begins 4 to 5 months after planting and 
extends for several months.
 

Taro is cultivated 
 in pits .; ground water level. Planting and harvesting 
are based upon crop water supply and 
food needs. Bananas or plantains are grown 
on some islands, but the fruit is of poor quality. The new plants or suckers 
may be 
left attached 
to the parent plant 
or 
planted in a separate place any time
 
of the year. 
Harvest of bananas or 
planteins is year-round 
as is coconut.
 
Breadfruit is a perennial 
seasonal 
crop, but precise crop calendar information
 
is not available. 
 Several sources 
were used to estimate the crop calendar shown
 
in Table 4.1. 
 Further verification is needed before the crop calendar L.an 
be
 

used in operational programs.
 

C. 
Economic Activities
 

The economy of the Gilbert 
Islands 
is dependent upon copra production.
 
The production of copra 
for export indicates 
a great annual fluctuation which
 
might be expected in these islands because of their uncertain rainfall.
 
However, the quality 
or copra produced is good, 
rated first class in the world
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TABLE 4.1. 
 ESTIMATED REGIONAL CROP CALENDAR FOR GILBERT ISLAND (KIRIBATI)
 

///Planting/Sowing 
---Vegetative/Flowering, 000 Harvesting
 

Region Crop 
 J F A
M M J J S
A 0 
 iN A Comments
 

Regions I Bahai 
 00 00(00 00( 00O( O 00and I I 	 II // / II // / 
(OO 00! O1 Bahai is the only

/ // // // // 
 root crop which 
grows iq pits at
 
water level.
 

Pandanus 00 00 00 00 
 00( 00! 00 00 00 00 00( 00( The production
 

starts 3 to 4 years
 
after planting.


Coconut 00! 00 00L 00 00! 00( 00! 000000! 00 C 00( The palm are almost
 
._ __ 
_ _ _ 	 entirely uncared and
gorow in eve ry islan d .
 

Region II Banana 00 00 00 00 00 00 00 00! 00( 00 00 00 

Breadfrui 
 00 00 00 00! 00 00 00 00 00( 00 00 00 The main harvest
 

period is between
 
January and May.

Papaya 00 00 00 00 00 00 00 00O 00 00 00((Pawpaw) 	 The main harvest 
period is between 

Sweet 	 December and May.
I 
 00 
 00C 00 0!000I
 
Potato
 

71
 



market. 
 The Copra Board sells the bulk 
of the copra produced to Europe and

Australia at current world market prices. 
 No timber of commercial value grows 
on the islands and forestry plays no 
important role in the economy. 
 Local
 
industry is confined to 
small operations such 
as handicrafts, salting of 
fish
 
and building small 
boats. 
 The expansion of 
the fishing inaustry and 
the devel­
opment of tourism presents possible alternatives for increasing revenues.
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CHAPTER V
 

SOLOMON ISLANDS
 

A. 
Physical Environment
 

I. Location
 

The Solomon Islands lie in the Coral 
Sea t,, the east of New Guinea and north
 
of the Vanuatu 
Islans. The archipelago comprises 
a double chain of islands,
 
stretching over 900 miles Northwest 
to Southeast. 
 The group is located between
 
50S to 
120S latitude and 155 030'E 
to 169°45'E longitude. 
 The area of the
 

country, estimated at 28,530 square kn, is comprised of si. major islands, be­
tween ?() anid 3 lesser islands , nuerous islets and crordl reefs. 

The Solomon Islands is a constitutional monarchy member of the British 
Commonwealth. 
 The head of 
state is the Governor-General. 
 The country is
 
divided 
into seven provinces, each with 
a locdl government. 
 A map of the
 

islands 
is shown in Figure 5.1.
 

2. Geography and Topography
 

The Solomons are 
of volcanic origin. 
 The cores of the main islands are of
 
igneous and metamorphic rocks overlain by 
recent deposits of volcanic and marine
 

sediments.
 

Many islands in the archipelago are very mountainous but Rennell Island 
 is
 
nearly flat. 
 Mount Popomanaseu (2,550 m) on Guadalcanal 
is nhe highest mountain
 
of the island groJp. The volcanos include one 
Ic.ated on the 
island of Savo,
 
another on 
the island of Simbo, a submarine volcano on 
Kavachi 
and Mt. Tinakula
 

on Santa Cruz.
 

There are extensive coral 
reefs and 
lagoons throughout the islands. A
 
number of atolls 
are also considered a part of the Solomon archipelago. 
 The
 
most important is Ontong Java. 
 The major islands are Guadalcanal, 
Santa Isabel,
 
Malaita, San Cristobal, Choiseul 
and New Georgia.
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Guadalcanal
 

Guadalcanal, 
the largest island in the group, 
is very mountainous. 
 The
 
highest point is located near the center of the island. 
 On the southern coast
 
numerous 
rivers 
follow direct courses 
to the sea. 
 The whole island is densely

wooded with the exception of the western part of the northern plain. 
 The
 
northern coast where the population is concentrated is the most 
fertile part of
 
the island.
 

Santa Isabel (Ysal)el)
 

Structrdil ly 
the island 
is a single chdin of volcanic mountains, which in
 
most parts dip gently to a low-lying coastal 
strip. The highest point 
is Mt.
 
Kubonitu at 
1,200 m. 
The whole island is forested. Its leeward side is fer­
tile and nearly covered with plantations. 
 The most important areas of 
settle­
ment are in the extreme southern and northern parts of the island.
 

Malaita
 

The island 
is basicaliy of volcanic formation with superficial deposits of
 
coral limestone on 
the lowlands near 
thq coast. 
 Forested mountains, with eleva­
tions up to 
1,425 m, follow the main axis; the interior is mostly unsurveyed.

The island is separated by 
a narrow 
passage from Maramasike Island. 
 The two are
 
so closely grouped that they appear to be 
one island.
 

San Cristobal 
(Makira)
 

The island 
has many of the characteristics of Guadalcanal 
but is not so
 
mountainous. 
 The highest altitude is 1,300 m. 
The settlements are on 
the
 
"lee" or 
north side of the island where there are 
several plantations and
 

trading stations.
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Choiseul (Lauru)
 

Choiseul 
is a narrow island with a long center ridge. 
 The highest point is
 

Mt. Maitabi (1,660 m). 
 The island is nearly surrounded by reef. The coconut
 

plantations on 
the coastal belt are 
separated from each other by stretches of
 

marsh and mangrove swamp.
 

Other Islands
 

New Georgia is the largest island of 
the New Georgia group, which comprises
 

a considerable number of islands with many harbors. Gizo is a port and govern­
merit station on a lit te island Lileof same name and is located near tle center 

of the New Georgia group. Marovo Lagoon is one 
of the largest island-enclosed
 

lagoons in the world. The southeast peninsula of Rendova Island 
is dedicated
 

mainly to coconut production. Kolormbangara Island situated to the west of New
 
Georgia has an extinct volcano. The islands of this group support 
 good plan­

tations; copra is the principal export.
 

The Florida group is between Guadalcanal and Malaita. 
 The principal islands in
 
the group are, Negela, Small 
Nenala and Tulagi, a small island west of Negela
 

that is the port of entry and the seat of government.
 

Rennell and Bellona 
are two raised limestone islands about 160 km south of
 

Guadalcanal. 
 Rennell is about 89 km long and varies in width from 9 to 20 km. 

Th, island is composed entirely of coral limestone that has 
been uplifted about
 

13n to 160 m. The population raises yams and 
taro and collects shellfish and
 

wild fruits for food. 
 Bellona is about 8 km long and fertile. The population 

of 500 is mostly of Polyn.,sian origin. 

The Russell group is comprised of two large islands with a fringe of small 

isleLs. The largest is Yandina where one of the finest plantations in the area
 

is located.
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The Santa Cruz group is about 380 km east of the southern Solomons. 
 Most
 
of the islands 
are small and of volcanic origin. 
 The largest island, Santa
 
Cruz, is 46 by ?9 km. 
 The maximum elevation is 600 m. 
The islands are densely
 
wooded with valuable timber such 
as kauri. There 
are numerous small 
islands in
 
the group. 
 One of them, Tinakula, has 
an active volcano. 
 The economy of these
 
islands 
is based on the export of copra.
 

There are 
other islands associated with the main group of the Solomons. 
 All
 
of them are of dtoll formation. Ontong Java 
is a group of several islets about 
?b() km ofnorth Santa Isahel . The Short land Is lands are west of Choi seul arld 

south of Bouyaiivi lie. 

3. Climate 

According to Trewartha's climate classification (Trewartha, 1968), 
the
 
Solomon Islands have 
a tropical climate. 
 The p'ev 'ling winds dictate the two
 
main climatic seasons. 
 The dry season extends from the end 
of April until
 
November and affects the central and 
northern islards. 
 During this 
season the
 
southast trade winds 
blow almost continuously, bu' with varying intensity.
 
Periods 
of up to t'2n days 
or more of strong winds with gusts of 25-30 knots and
 
rain squalls are followed by 
fine days with light southeast winds of 5-10 knots.
 

Between November and Apri: 
the weather is 
more uncertain. 
 The pre­
vailing winds blow primarily from the west or 
northwest and occasionally from
 
the southeast. 
 In this 
season there are long periods of calm which may be
 
interrupted by 
the build-up of cyclones which form in the Coral 
Sea and Solomon
 
Islands area. 
 The cyclones increase in intensity and 
move southward, passing
 
through the territories of Vanuatu, New Caledonia, Fiji 
and Australia; much more
 
damage is caused in these territories than in the Solomon Islands.
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The temperature in the Solomons is almost 
constant throughout the year.

The monthly mean temperature is 260 to 270C. 
The days are usually hot, but cool
 
land breezes from the mountains make the coastal 
areas cooler in the evening.
 
The temperatures seldom exceed 320C during the day or 
fall below 220C at 
night.

The major islands are high enough to allow the coastal temperatures to occa­
sionally fall 
as low as 
190C. The highest temperature ever registered in the
 
Solomon Islands was 
36C in June 1970 in Kirakira; the record 
low is 14C
 

recorded in August in1972 Auki. 

Considering thie topogrdphy and rainfall distribution, the territory of the 
Solomons 
can be divided into four agroclimatic regions. 
 The characteristics of
 

the regions are: 

Region I Strong dry 
season. 
 Total annual rainfall 
1,700 - 2,300 mm. 

Region II Moderate dry 
season. 
 Total 
annual rainfall 
2,300 - 3,200 mm. 

Region III 
- Weak dry season. Total 
annual rainfall
 
2,500 - 4,300 mm. 

Region IV 
- Always wet. Total rainfall 4,400 6,000 mm. -

Figure 5.2 shows the agroclimatic regions, 
the annual 
rainfall distribu­
tion, the wind direction and the location of the stations considered in the ana­
lysis. The distribution of the annual 
rainfall 
for selected stations is shown
 
in Appendix A. 
The mean annual rainfall 
is shown in Figure 5.3.
 

Region I is a small 
area on 
the northwest coast of Guadalcanal. This 
area
 
is in the rain shadows caused by the high mountains to 
the south. 
 The annual
 
rainfall 
is the lowest of the archipelago; the dry 
season 
lasts 6 to 8 months
 

from March to November.
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Region II occupies the central part 
of the double 
 tiain of the islands.
 
The dry 
season lasts for 3 to 4 months from May to August-September. January,
 
February and March 
are the wettest months of the year.
 

Region III lies 
at 
both sides of Region I[. The rainfall is evenly
 
distributed throughout the year. 
 In some stations the wettest months 
are June,
 

July and August.
 

Region IV is located in Malaita, San Cristobal, the whole region of the
 
Santa Cruz Islands and 
the southeastern part of Guadalcanal. 
 The :3infall is
 
extremely high and reaches the maximum from June until September. 

4. Soi I and Natrir,il legit ti- n 

The soils 
of the Solomons vary frum 
area to area, but there are three main 
origins: volcanic rocks, limestone, and alluvial 
deposits. There are
 
variations on these three main categories. Some :)f tie sol Is of volcanic origin, 
particularly those southeast of Rendova 
(New Georgia group), are extremely fer­
tile. 
 Some soils, however, consist of d coating of volcanic dust over thin
 
coral with a subsoil 
of clay. The two principal islands of the Russell group
 
have hilly volcanic interiors and gently-sloping limestone terraces. 
 The 
limestone soil is not very fertile; it becomes waterlogged easily on the plains,
 

but is better on high ground. 

More than 90 percent of the land 
area of the Solomons is covered with
 
trees. 
 The main categories ef forest are: 
(;astal, subdivided 
into beach forest
 
and mangrove swamps; and 
inland forest, subdivided into 
lowland, foothill and
 
mountain forest. 
 The mountain forests 
are very dense, with trees that 
grow to
 

than 45 in. Casuarina is
more one of the best-known trees that grows in the mon­
tane forest. In coastal areas 
free of mangrove swamps, nany beaches 
are rela­
tively clear with only 
a few coconut palms growing in the shore 
area. On some
 
beaches where the trees 
push thickly to the water's edge Cycas plants grow in
 

large numbers. 
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B. Agricultural Practices
 

1. Overview
 

Agriculture is the mainstay of the Solomon Islands. 
 The most valuable
 
exports and principal products are 
copra, timber and 
cacao.
 

Most of the 
land is held 
by native people in the traditional kinshiF 
griups.
 
According to customary tenure, the island owned by the group hut used by indi­
viduals who nay own certain objects such 
as trees or 
houses. 
 In addition to
 
native customary land, there is also freehold and public land. L.and tenure 
registratiP) v, trro(lure( iVi l'M3 wiTh the r.-lii], thut. tihreo dis',ti c1 syStel 
of larml tenuire exi. t tiie custoimary System, one derived from the unregistered 
land that at one time was sold or leased by 
Solomon islanders, 
and the land that
 

is inder registered title.
 

Coconut iS the most important crop followed by cacao. A major agricultural 
development in the early 
1970's was the establishment of the oil 
palm which has
 
the potential to 
become the second major crop in the 
1980's. Rice is an 
impor­
tant crop in northern Guadalcanal; most of 
the production is consumed locally.
 

Several development plans started in the 
1970's 
to improve overall 
agri­
culture and marketing. Research and 
field trial 
tests continue for new 
crops,
 
new varieties and soil 
improvement at 
the Dala Research Station in Malaita.
 
Research studies 
are also conducted by joint programs between the Department of
 
Agriculture and private corporations such 
as Lever Pacific Plantations, the
 
Commonwealth Development Corporation and 
Guadalcanal Plains Ltd.
 

The Department of Agriculture assists indigenous farmers with planting sub­
sidies and professional 
advice from touring agriculture officers and 
field
 

assistants.
 

Figure 5.4 shows the distribution of agricultural 
land use and major crops.
 

82
 



156* E 190E I2E 

7*S:.. SOLOMON ISLANDS 

9C 

S 
0 

0OS­

e 
cC 

9*0 

91S 

,00 

•AGRICULTURLLN 

C -
M FORESTS 

D CROPS 

C LIGRASSLAND 
-11 S C Coconut 

L °E16&E 

C 
0 
°E16 E 

Cacao 
Oil palm 

0 0 1 

1 
160"40 

0l 

' 

40 80 miles 
f1 
80km12E 

Figure 5.4. Agricultural Land Use for Solomon Islands. 



2. Commercial 
crops
 

a. Coconut
 
The production of copra has been the most 
important industry of the
Solomons 
since about 1900, when Europeans established the 
first plantation.
Before then nearly all 
production 
was 
from native groves.


plantation Shortly afterwards,
copra became much 
more important. 
 The Lever Pacific Plantations
and Burns Philip Company built 
larye-scale plantations dnd 
enteprises for
growing and 
processing coconut 
into copra.

Coconut plantations 
are found 
in northern Guadalcnal, 
on the leeward
 

"l p e ! 1 W , A d o p r ~ ffy I,~to , f ! P 4 I er 5 1 inLh
Nergia jru ii Nt~j~l .Ini the Rusell IslandI s. 
The early PlanLations were 
cleared
coastal of
forest by native laborers using axes, 
spades and 
knives.
dozzers Today bull­and grdders do the work. 
 Sprouting coconuts 
are planted in long rows.
Once tile trees 
are establishbed, weeding 
 te pri.
 i ci paI icr.livity.tations Some plan­are planted with tropical 
fodder grasses and 
leguminous plants
cattle may be kept 
so that
 

to ail in 
the ceaseless 
fight against weeds. 
 Results
Obtained by introducing legumes 
on Sandy 
coral line soils 
to c"ercome the serious
nitrogen deficiency of 
these soils have been most promising.
in the Russell 
Islands 
a research progrdm to 
 improve planting and 
care of
coconut plantations is in progress between Lever Pacific Plantations and the
Department of Agricultuie. 
 Two experiments 
were 
begun in 1968, one 
to test
number of v.rieties and a
hybrids at different 
spacings and another to determine
the long term effects of seedling selection in ordinary nurseries and 
use of
polyethylene bags at 
different stages of transplanting.


Each palm tree produces 20-30 nuts 
a year. 
 The 
fai len nuL:
at intervals of 
are gathered


ibout 
six weeks and carried by bullock wagon or 
motor carry to
the shed near driers where the copra is cut. 
 Most olantations produce smoke­dried copra, but this 
is not high-grade. 
 Some of the large plantations have
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kiln-driers where the meat is dried over hot 
steam pipes. Kiln-dried copra
 

brings the highest prices.
 

b. Cacao 

Cacdo is also produced on a commercial scale for export. In the 1950's
 
extensive efforts were made to 
introduce CdCaO as a major crop. Planting began 
about 1958 with the encouragement of grants from the colonial development and
 
welfare funds. Cacao is grown commerciially by indiiidual farmers and rooperd-


O1ves in LA rii"Wl~i AT prodn ionl at dnA" oa nor nq n not,1 4wnonqil 

aind research dS e n carried on ny the gnvernment to develop better plants and 
growing techniques. FRasic investigation into cacao is arried out at
 
Guadalcanal Plains (quaddlcanal) on Rendova Island 
 and Dala Research Statio 
(Malaitd) where trials 
on shade, spacing, fertil izers 
and yield of different
 

varieties 
are done.
 

Continuous investigations on the relationship between climate, yield and
 
the incidence of black pod disease caused by the fungus Phytophthora palimivora 
have been conducted to control the disease. Rapid harvesting and corrective 
pruning have resulted in a very significant decline in losses and better yields
 

have been achieved.
 

The Department of Agriculture buys and processes the cacao produced by far­
mers in Malaita. The cooperatives have their own fermentation and drying equip­
ment. Total production for 1181 was 591.8 tons, more 
than three times the
 
1977 total of 162.1 tons. 
 The 1980 total was 345.7 tons. Most of the crop 

is exported to Europe (Carter, 1984). 
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c. Oil Palm
 
Experiments on 
the cultivation of the oil 
palm as a commercial crop were
 

conducted from the early 1970's. 
 Principal plantation locations 
are in the
 
islands of Kolombangara, Santa Isabel 
and Guadalcanal. 
 The seeds were imported
 
from Malaysia and the Ivory Coast. 
 Phosphate deficiency is the major limitation
 
in the upland soils 
of the islands where the planting of oil palm has been
 
introduced. 
 Plantings in polybags have been maintained without mechanized irri­
gation 
as a research trial on 
a volcanic island 
in the New Georgia group. The
 
trial resuilts show good seedling growth with almost no losses. The latest
 
figures in production are 
for 1980: 14,228 tons of oil 
and 2,349 tons of
 
kernels, 1981: 
18,081 tons of oil 
and 3,163 tons 
of kernels (Carter, 1984).
 

d. Other Commercial Crops 
Several spice crops have been tested at Dala Research Station in Malaita.
 

High promise is shown by cinnamon, nutmeg, tumeric and all-spice but dif­
ficulties have been experienced with cloves and the drying of ginger.
 

The production of chili 
attracts small 
holders because of the intensive
 
style of production which results in a large and rapid cash 
return from
 
comparatively small 
acreage. 
 High grade dried chilies, mainly the Tabasco
 
variety, are exported every year. 
 Chili 
is one 
of the few crops which can
 
provide 
a cash income for the people living in the remote inland bush areas.
 

3. Food Crops
 

At Ilu Farm on Guadalcanal 
a wide range of rice varieties were introduced
 
and tested during the middle 1960's. The principal varieties under cultiva­
tion are IR 661, IR 22, and 
IR 8, bred by the International 
Rice Research
 

Institute in the Philippines.
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Prolonged dry weather and the abrence of rain at 
critical growth periods
 
reduce yields of dryland rice in both the rainy and the trade wind 
seasons.
 
Irrigation at mid-year has been applied 
to the dryland rice with the result of
 
a clear superiority in yield per hectare. 
 Most of the rice is purchased and
 

consumed localiy.
 

Other crops grown for doiiistir food consumption are 
sweet potatoes, yams,
 
taro, cassava, bananas and 
plantains. l,,e bulk 
of these crops are grown for
 
marketing near 
district center 
.
 In addition, pineapples, watermelons, beans,
 
cihl)dge, sweetcorn and sd]ad vegetahles are sent to these markets or, a minor 

scale. 

4. Crop Calendar
 

In Agroclimatic Regions 
 I and II the land is prepared for annual crops 
at the beginning of the rainy 
season. 
 The planting starts after the first heavy
 
rain (November or December) and continues until 
April. Sweet potatoes, cassava
 
and taro are harvested after 4 to 12 months of growing from May until 
December.
 
Rice is irrigated and 
two crops are grown each year. 
The main crop is planted
 
in March-April and 
harvested in August-September. 
The secondary crop is planted
 

in September-Octobe- and 
harvested in February-March.
 

Oil palms, bananas, plantains and coconuts are 
perennial crops and 
are har­

vested throughout the year.
 

In Agroclimatic Regions III and 
IV che abundant rainfall allows the
 
growing season 
to be extended throughout the year, and planting can he 
scheduled
 
any time. 
 However, excessive rainfall may limit the growth of yams, 
cassavas
 
and sweet potatoes. Several 
sources were used 
to estimate the crop calendar
 
shown in Table 5.1. 
 Further verification is needed 
before the crop calendar can
 

be used in operational programs.
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TABLE 5.1. ESTIMATED REGIONAL CROP CALENDAR FOR SOLOMON ISLANDS
 

///Planting/Sowing, 
---Vegetative/Flowering, 000 Harvesting
 

Region Crop J F 
 M A IM J J A S 0 
 N D Comments
 

Region I Rice /// //--.....----0 00 Main crop irrigated.a(rl1 II -- 00( 00( /! // -- -- Secondary crop. 

Corn . .C O00C O0t 00 II 

IIi III ii 
Sweet //OOC 00 
 OC OO OO 00 00{ 001 Highest yields occurPotato 00 between August and 

January. 
Taro iOO OOC OC 0000 001 OOC0 00 00 Harvested start00 00 00 00 6 to 8 mos. after 

planting and con­
tinue year-round. 

Cassava // // // // /// 00 00 Harvested anytime
DO0 000 OC OOC00 OOC00 00 00 ( OOC OOC after ' mos. of 
growing. 

Regions Coconut 
 00 00 00 00{ 00 000 00 00 
 00( 00C 00 00(
I, II, III 
and IV Banana and 0DO00 00 00000 OOC 00DO 000 00 00C 

Plantain 

Oil Palm 0OC OOC 00 00 0000 00 OOgCO 0 00 00 nnn 
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C. Economic Activities
 

The economy of the Solomon Islands has been almost entirely based 
on the
 
production of copra, the timber industry and the export of canned 
sea products,
 

fresh and frozen 
fish, turtle shells and crocodile skins.
 

Coconuts are the most 
valuable commercial crop. 
 Cacao is also produced for
 
export. 
 Minor cash crop industries have been developed in recent years to pro­
vide a cash income for people living in the 
remote inland bush 
areas. Tumeric
 
and long red 
and Tabasco chilies have been grown successfully. The export of
 
spice products to Australia, ZealandNew and Europe has inprove(1 in the past ten 

yei r-. 

The timber industry is based on the export of logs and 
sawn timber. The
 
Forestry Depirtment has developed 
a protective forestry policy 
for controlling
 

the use and development of the country's commercially valuable timber resources. 
The direct timber revenue for' hard-wood logs and 
sawn timber exports has
 

increased during the past 
ten years. However, the forest and 
timber industry
 
has the potential 
to make greater contributions to both national 
and rural
 

development.
 

The islands 
are not well 
endowed with minerals aF 
a source of foreign
 

exchange or as 
a basis for industrial development. 
 No mining industry of
 

significance has developed, but the full 
extent of mineral resources is not
 
known. Alluvial gold produced by panning 
on Guadalcanal by islanders is the
 

only mineral output,
 

Fishery resources 
have been exploited for the internal subsistence demand
 

and for exports. 
 The fishing industry has three main centers at 
Auki, Gizo and
 
Honiara, where the commercial operations 
are conducted. The exports of marine
 

products include canned fish, turtle shells, crocodile skins, tuna-like fish,
 
shark skin, trochus and marine shells. 
 The canning factory continues to produce
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canned skipjack, mainly for the European market. 
 Manufacturing activities 
are
 
limited to copra, 
cacao and 
fishing products for export. 
 Small enterprises,
 
located near population centers, mostly produce items 
such as furniture,
 

concrete blocks, water tanks, and hot air driers for copra.
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CHAPTER VI
 

TONGA
 

A. Physical Environment
 

1. Location
 

The Tonga Islands are 
located in the south Pacific Ocean between 150301S
 

and 23030'S latitude and 
1730 and 177 0W longitude. The islands are scattered
 

for 800 km in the ocean. The total land area 
is 747 square km distributed
 

among some 150 islands, 45 of which are uninhabited. 

Tonga iS dn independent consti tutional monarchy based on the fusion of 
trdditional chiefs' authority with Brit',sh parliamentary law. The map of the 

islands is shown in Figure 6.1. 

2. (ieography and Topogrdphy 

Tonga's islands are distributed in 
two chains that trend roughly north and
 
south following a great submarine ridge that connects New Zealand with Samoa 
through the Kermadec Islands. 
 The eastern chain consists of numerous limestone
 

islands, formed of raised reef, 
some rising as much 
as 200 m above sea level.
 
In contrast, the western chain is formed by 
a dozen volcanic peaks. The highest,
 

Kao, rises 1,126 m above the sea in a perfect cone shape. Five of the cra­

ters are active periodically, six others have been dormant during historic
 

times, but all 
are recent in the geological sense.
 

The territory was distributed in four principal 
groups of islands. From
 
north to south the groups are: Niuatoputapu, located at approximately 160S
 

latitude and 174'W longitude with two islands; Vava'u group, with five major
 

islands located between 18°-19'S latitude and 174'-1750W longitude; Ha'apai
 

group with three major islands, 30 small 
coral islands and numerous islets,
 

located at approximately 20'S latitude and between 174'-175*W longitude; and
 

Tongatapu group with two large islands and several 
islets. The island of
 

91
 



Niuatoputapu Group 1730w a F ON UAL El 18S 

£DNIUAFO'OU NTAFAHI 'TOKU 
46 

"16°S NIUATOPUTAPU 
0 100km 
0 lOOmiles 1,3Ow Vava'u Group

1750 3
 

1 6 VAVA'U 

)LATE 
20 15S 

-2 A T A 
1905 

176 0 W 

Ha'apai Group 
0 KAO (HA'ANO 

CTOjFOASTOFUA HaaPal LIFUKAFOTUHA'A" . UOLEVA 

.. 0., ,,." 

200S TUNGUA" . -: 200 -

NOMUKA *" 

FONUAFO'OU' MANGO O'OTU
.,TOLU 

S 'GROUP 
HUNGA OHUNGA HA'APAI
 
TONGAO
 

217S 210STONGA 
0 20 4 0miles 

I I I I I 

TONGATAPU EA 0 20 40kmK EUA 

175*W
I 1740W

I 

Figure 6.1. Location of Islands and Major Cities of Tonga.
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Niuafo'ou located at 
15
035'S latitude and 177 038'W longitude is the northern
 

most 
island separate from the major group and Ata is the southernmost island,
 

located at 
22020'S latitude and 176'12'W longitude.
 

Tongatapu Group
 

Tongatapsi is located in the southern group. 
 It is the largest island of
 

the country with 
an area of 260 square km. The city of Nukualofa is the
 

capital 
of Tonga and is situated on 
the coast of an immense lagoon on the
 
northern side of the flat coral island. 
 Coconuts, bananas and oranges are
 

cultivated on the island for" export.
 

Vava'u Group
 

The total 
area of the group is 120 square km. The island of Vava'u is
 

the largest of the Vava'u group. 
 The island reaches the height of 2?0 m. 
Vava'u is famous for its harbor, which is completely land-locked, its caves
 

and for its beauty. The island of Fonualei is 64 km northward of Vava'u
 

and is 183 m high. Late is located southwest of Vava'u. 
 It is 557 m high
 

and has an area of 15 square km. The island is fertile and densely wooded.
 

Ha'apai Group
 

Tofua is the largest island in the Ha'apai group. It is over 80 km long,
 

about 6 km wide and 518 m high. 
 Its area is 54 square km, of which over 8
 

square km is the lake in the crater of the active volcano Lofia.
 

Kao is an extinct volcano with a perfect cone shape. 
 The summit, 1,126 m,
 
is the highest point in the Tonga territory. The wet side is covered with
 

forest.
 

The rest of the group is about 30 small islands of coral formation. Lifuka
 

has a small port on the west 
side of the island and the township Haapai on the
 

east.
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Niuatoputapu Group
 

Tafahi or Boscawen is of volcanic origin and 
reaches a height of 61 m.
 
This island was the first of the group 
seen by Europeans in 1616. 
 Niuatoputapu
 
or Keppels Island is about 10 km south of Tafahi 
and 240 km from Vava'u. A
 
small anchorage is situated 
on the west 
side of the island. The main industry
 

is the production of copra.
 

Other Islands
 

Niuafo'ou is about 6 km long and 5 km wide. 
 The island is of volcanic ori­

gin with a long record of serious eruptions. 

Ata Island is 130 km soiith-southwest of Tongatapu. 
 There are two peaks.
 

The higher is an extinct volcano 350 m high.
 

3. C;limate 

The cl'mate of Tonga is cooler than that of most tropical oceanic islands.
 
There are two main seasons. 
 From May until November is the dry season, when the
 
highest temperature rarely exceeds 27C and 
the humidity is relatively Ica.
 
During the dry 
season the winds blow from the east-southeast and the windward
 
sides of the higher islands receive more 
rain than the lee sides. December
 
until April 
isthe rainy season; the temperatures are higher, up to 32'C and the
 
humidity is also high. 
 The average rainfall increases from south to north with
 
values between 1,800 to 2,100 mm 
a year. The wind direction is variable and
 
the northern islands are periodically affected by cyclonic storms.
 

Taking into consideration the topugraphy and the rainfall distribution of
 
the islands, the territory can 
be divided into two agroclimatic regions. 
 The
 

characteristics of the regions 
are:
 

Region I -Strong Dry Season. annual
Total 
 rainfall 1,700-2,000 mm.
 
Region II Strong Moderate Dry Season. 
 Total annual rainfall
 

2,000-2,700 mm.
 

94
 



Figure 6.2 shows the agroclimatic regions, the annual 
rainfall distribu­
tion, the wind direction and the location of the stations considered in the
 
analysis. The distribution of the annual 
rainfall for selected stations is
 

shown in Appendix A.
 

Region I is located in the central and southern islands group. 
 These low
 
coral islands of the Ha'apai group are 
affected by a dry period that lasts be­
tween 6-7 months from May to November. In the Tongatapu group the dry period
 

lasts between 4-5 months. 

Region II is located in the northern islands group. The ttal annual 
-dinfa II is 2,U() to 2,71U mm. In the Vjva'tU group thie dry season lasts 
for 4 months and ig Niuatoputapu group the dry 
season lasts 
for 2 to 3 months.
 

4. Soil and Natural Vegetation
 

The four main island groups of Tonga 
are of raised limestone formation.
 
Except for the outlying high volcanic peaks of Tofua and Kao, the islands have 
a
 
flat to gently undulating stjrfdce with only 
a few small hills or a compact and
 
comparatively hilly surface made up of 
a series of terraces. 
 The most common
 
soil type on 
these islands is a fertile, friable soil, 
which varies in texture
 
from loamy sand to a clay. 
 Although most always underlain by coral limestone,
 
the main parent material of this soil 
is volcanic ash which gives it 
a mineral
 
fertility very much higher than usual 
for soils on raised limestone islands.
 
The other main soil 
type is a sandy and less fertile soil found at 
low eleva­

tions close to the sea.
 

The low coral islands have grass and 
low herbs scattered over gray sand 
as a
 
sea coast vegetation. 
 Scrubby forest and groves of coconut palm cover the
 
rest of the island. 
 The high islands such as Late, Kao, Tofua and 
'Eua,
 
have a luxuriant growth of 
trees. The rainfall is generally sufficient
 
for good plant growth, and almost all 
the arable land is under cultivation.
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B. Agricultural Practices
 

1. Overview
 

The economy of Tonga is dominated by the agricultural sector which contri­

butes over 
90 percent of export earnings and accounts 
for more than 50 percent
 

of the total employment.
 

The major cas.h crops are coconuts and bananas. 
 The production of these
 

crops for export has not increased in recent years. 
 The main food crops are
 

yarns, taro, cassava, 
sweet potatoes, plantains and vegetahles.
 

Agri ciil tlrt_ is basedl on a hush fdl loyiwiq systeum, a fo)rm of shi ftiny
 

cultivation io which fallow
the period is shorter. The traditional cultivation 

method is characterized by clearing and burning the plot, cropping for two 

to about five years and then bush fallowing from 
one to ten or more years,
 

depending on the population density of the 
area.
 

The land-tenure system of Tonga is highly distinctive compared to 
systems
 

found in other parts of the Pacific Islands. Each taxpayer is entitled to an
 

allotment of 3.2 hectares of agricultural land, as well a small
as piece of land
 

in a village or town for his house. 
 These allotments are inheritable leaseholds
 

from the government for a lifetime, granted to every male of 16 years and 
above.
 

ilowev2r, 
there are more taxpayers than 
surveyed allotments and about half of the
 

tctal number of taxpayers do not hold allotments. Although iL is illegal,
 

borrowing or 
buying land from others is becoming a practice in many parts of the
 

island.
 

In Ha'apai the agricultural system is under pressure from high population
 

density. The cropping period is from three 
to five years, compared with the
 

usual two or three croppings, while the fallow period is generally from one to
 

three years compared with the usual 
three to five year period.
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In some islands the agricultural system intensified byis the standard of 
shifting cultivation, with a cropping period/fallow period ratio of around 1:1, 
to support high population densities of up to about 280 inhabitants per square
 

kin. 

An examination of possible areas 
of stress suggests the existence of 
some
 
minor problems. There has been some deterioration in the fallow vegetation and
 
an 
increase in the proportion of grasses and other herbaceous plants and weeds
 
which cause a greater problem for farmers than in the past. 

Fig ure -5.3 theShows di strib ion of tiie igri cil tijr,jIi 1nd use and riajor 

crops. 

2. Commercial crops 

a. Coconut
 

Production of 
coconut accounts for approximately 50 percent of arable land 
(about 36,400 hectares). The coconut palms are grown unevenly, scattered
 

over a part of each allotment, with food-crop gardens rotated among them.
 
Replanting schemes have been in operation 
for the past decade to replace a large
 
number of coconut trees to 
improve production. 
However, the production of 
coco­
nut suffered great losses due to the rhinoceros beetle 
in Ha'apai, Tongatapu and
 
Vava'u. 
 Also, variable weather conditions have caused production to 
fluctuate.
 

The production of desiccated coconut and operation of plants that started
 
in the mid-1960's continued in the 1970's. 
 After a high of 18,400 tons in 1975,
 
copra exports dropped to 12,000 tons in 1977. 
 Tonga ceasel to export copra in
 
November 1978. 
 Since then coconut oil has 
been manufactured 
for export
 
(Carter, 1984). 
 There are other by-products from coconut, such 
as coconut fiber
 
which is processed into brushes and sold 
in domestic markets.
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b. Banana
 

Bananas are 
the second cash crop of the country, produced on 
a commercial
 
scale for export. The production of bananas is 
a part of the cropping sequence
 
which yields for only 
a few years. 
 They have been increasingly grown in
 
separate plantations. Chemical 
fertilizers are 
now being used to improve
 
yield and to extend the life of the plot. 
 However, despite government exten­
sion services and subsidiary programs to rehabilitate crops damaged by hurri­
canes and diseases, the growth in banana production has been slow. 
 The 	factors
 
contributing to the slow growth in production 
are: unfavorable weather, irregu­
1.ir shipping arld growing coipp t ion fronm ither supply sources. 

c. 	Other Commercial Crops
 

Minor cash crops such 
as 
vanilla beans, peanuts and watermelons have been
 
introduced in 
recent years. Vanilla beans are 
considered to be the third
 

largest export product.
 

3. Food Crops
 

Staple crops include taro, yams, sweet 
potatoes, fruits and vegetables
 
The food-crop pattern has changed with the increase in population density.
 
In a:reas 
of high density, cassava has become the staple food crop while yams,
 
the 	most preferred tuber for eating, are now much less 
frequently grown.
 
Cassava yields even on 
heavily cropped soils, does not 
require a lengthy fallow
 
and yields more per man-hour of labor than the other food crops.
 

4. Crop Calendar
 

Most of the crops are sown or 
planted during the rainy season, November to
 
March. 
 However, the planting of yams begins in April 
and 	lasts until 
August
 
because the rainfall during that period provides enough water for crop needs.
 
Yams are harvested 8 to 
10 months after planting. Pineapples are planted during
 
the dry season 
from June to July and harvested after one year of growing.
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Cassava, taro and 
sweet potatoes are cultivated in all 
agroclimatic regions
 
and are harvested year-round. 
 Cassava is harvested 9 to 12 months after
 
planting, taro after 6 to 8 months, and 
sweet potatoes 4 to 6 months.
 
Taro is less resistant to drought than 
cassava 
or sweet potatoes. In
 
1983 taro production was 
reduced by 50 percent in Tongatapu 
and by 80 percent
 
in Ha'apai due to drought occurrence 
(Todorov, personal communication).
 

Maize is sown 
from November to December and harvested between March and
 
April. 
 Bananas and plantains are harv'ested 
after a growing period of 12 to 

months. Coconuts and papayas are perennial crops ,_n(l the fruits are harvested 
year-ruun ;ireadfru r lI O )rennial crop, ha,; i :ijor harvest period from 
November to April. Severdl sources were used to estimate the crop calendar 
shown in Table 6.1. 
 Further verification 
is needed before the crop calendar can
 

he used in operational programs. 

C. 
Economic Activities
 

The economy of Tonga is based on 
two major export commodities, coconut
 
products and bananas. 
 This 
leaves the economy vulnerable to the effects of
 
weather conditions and world market changes. 
 Some export diversification was
 
introduced with small 
quantities of vanilla beans, pineapples, watermelons, and
 
garden vegetables that 
are exported to supplement income.
 

Syniptoms of stress as 
a result of population pressure were 
found in land
 
problems, fallow vegetation, the nutrient status of the soil, 
cash-crop income
 
and internal 
migration, particularly in Ha'apai. 
 These problems, however, 
are
 
as much a result of 
the failure to adopt the mainland system as coping with
 
rising population densities rather than population growth alone.
 

Industries include coconut oil 
mills, plants for desiccated coconut,
 
extracting 
 fruit juices and cement-blocks, and 
saw mills producing lumber for
 

local building.
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TABLE 	6.1. ESTIMATED REGIONAL CROP CALENDAR FOR TONGA
 

///Planting/Sowing, ---Vegetative/Flowerino, 000 Harvesting
 

Region Crop 
 J F M A M J 3 A S 0 N D Comments 

Region I, Maize - ( 00 0 /// 

Yams 	 . // // / / // , - ... .-- rowing period is
 
between 2-If) moIs. 
Harvested ii1 year­
rolind. 

Cassava // // I/ ...... 
 ...... // 
 The root tubers are
0 000 00 OC OOf 00
0 O000 00 OC O 00( 	harvested upon needs
 
betwee' 9 to 12 mos.
 
after planting.
 

Taro // // // ..
00 00 00 00 00 	 // // Taro is harvested
00 00C 00 00 O 00 0C 	between 6 to 8 m.,s. 

after 	planting.
 

Sweet // ' . ­..Potato 00 00 	 . // // Harvest starts 4 to00C 00C 00 00 00 00 
 00 00 5 mos. after planting
 

Fineapple ---.---------
 Ii // ---- -------- Unripe fruitE are 
00 00( 00 0 OOC 00 00 	 harvested after
 

12 mos. 
of planting.
 

Banana and 00 OOC 0( 00 00 00( 00 00( 00 0OC 00 D0 Harvest takes placePlantain 

15 mos. after planting.
Coconut 00 
 DOC 00C00C00 00 0CO 00 DOC0OC 000

Papaya 00 0
DOC C0 00C DC OC 00 o0 00 00C00C 	00 
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The country does not have sufficient timber of usable quality to 
fill all
 
construction needs, consequently lumber must be 
imported. Forest lands are
 

almost entirely owned by the crown.
 

The fishing industry provides 
an 
important supplement 
to the food supply
 
for local consumption, but 
is not 
large enough to fill the domestic demand.
 
Development of the fishing industry has been assisted by UN agencies, Australia,
 
Japan and other financing projects 
to provide suitable, motorized, insulated 
sea
 
fishing boats and cold storage facilities. In 1982, 176 tons 
Of albacore tuna 

wer- exior-te1 (Carter, Th4
 

No important mineral 
resources 
are ki;own to exist 
on the islands. The 
use
 
of electric power is somewhat limited because energy sources 
do not exist
 
domestically for power generation and there are no sites for hydroelectric power 
stations. In the 1970's 
the tourism industry became 
an important source of
 

income, but still 
has to be developed.
 

The main economic problems 
are the heavy dependence on 
primary agricultural
 
products directed toward 
a fixed market and growing dependence on external aid.
 
Tonga is plagued by an unfavorable ratio of land 
to man, a system of land­
holding that inhibits efficient use and 
a lack 
of employment opportunities. No
 

major changes are expected in the near future.
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CHAPTER VII
 

VANUATU
 

A. Physical Environment 

1. Location
 

The Vanuatu Archipelago, including the Banks and Torres Islands, is located
 
northeast of New Caledonia and southeast of the Solomon Islands in the southwest
 
Pacific Ocean. 
 The archipelago forms 
an incomplete double chain of islands 
in
 
the form of d Y, stretching northwest to southeast for 885 kin. The group lies 
hetween 12S and 2%IS latitide and 156'L and 17!10 E longitude. The ofarea 
Vanuatu proper is estimated at 
1,500 square kin, comprised of 12 major islands,
 
18 lesser islands, and between 30 and 40 small 
islands and islets. 
 The islands
 
were given Spanish, French and English names and most. of them appear in maps and 
books under different names.
 

Vanuatu (formerly New Hebrides) is 
an independent republic member of the
 
British Commonwealth. 
A map of tile islands is shown in Figure 7.1.
 

2. Geography and Topography
 

The origin of the islands is volcanic. Several 
active volcanoes are 
in the
 
group. 
 The principal volcanoes are situated oi, the islands of Tanna, Lopevi 
and
 
Ambrym. The continued uplift since the Miocene period and coral 
reef formations
 
have contributed substantially to the size of most islands. 
 Some islands such
 
as Aniwa are of atoll formation. 
 The larger islands 
are high and show extensive
 
exposures of volcanic rocks. 
 The smaller islands are 
often wholly volcanic.
 

The largest are Espiritu Santo, with an 
area of about 3,900 square km and
 
Malakula, with 1,160 square km. Other large islands are, 
from North to South:
 
Vanua Lava (Vannua Lava) and Gaua (Lakon) in the Banks group; Maewo and Ambae in
 
the Santo region; Pentecost, Ambrym and Epi 
in the Malakula region; and Efate,
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Erromango, Tanna and Anatom (Aneytioum) in the Tanna region. 
 There are several
 

smaller islands and islets of 
little importance.
 

Espiritu Santo (Santo, Marina)
 

Espiritu Santo consists of two widely different regions. The eastern half
 

of the island is a 
plateau with a general elevation of 90 to 180 m culminating
 

in Mt. Turi, 
528 in. The western half of the islands is mountainous, risino to 

1,661, m at Mt. Santo and 1,858 m at Mt. Talwesmasana. The western side is
 

heavily wooded and has a well developed drainage system. 
 Santo contains 

nuirerous smal 1 rivers, navi gdhle only 1y minor crafts. The largest river is the 

Yord. The forest has openings of -rahle land on the centrdl an(d codstal zones 

and patches of meadows in the southeast. The plantations are in the coastal
 

areas.
 

Malakula (Malekula, Malekoula, Mallikolo)
 

Malakula, the second largest island in the group, is about 74 km long and
 

37 km wide. 
 It is formed by limestone, penetrated in some districts by lava.
 

The surface is hilly. The highest peak is Mt. 
Penot at 877 m. The coral
 

terraces in the North are 
thickly covered with cane 
grass, but the vegetation is
 

dense with forest everywhere. However, there is arable land in the East, North
 

and extreme South of the island. 
 The major plantations are on the east side of
 

the coastal zone.
 

Erromango (Eromango, Eromango)
 

The largest of the southern islands, 56.33 kin by 40.23 kin, it is composed
 

mainly of lava and volcanic agglomerates with terraces of raised coral in the
 

lowlands. 
 The interior is mountainous. 
 The island is fertile but under­

developed because of the lack of good harbors. 
 Virgin forest covers almost all
 

of the island. 
 Rough grazing land is present only at high altitudes.
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Efate (Vaten)
 

Efate is of volcanic origin, but is almost completely encrusted with coral
 

limestone. The rivers 
have eroded the volcanic rock and deposited alluvial
 

materials in the lower reaches 
to form alluvial flats. The highest peaks in the
 

Northwestern coastal mountains crest at 
660 m. The southern part of the
 

islands is a plateau 60 to 90 m high, interspersed with coral ridges. 
 The
 

whole island is densely wooded except for 
a clear zone in the Northwest and a 

peninsula mostly covered with grass in the southwest. Small areas on the 

coastal zone have arable land and plantations. Vi la is the port of entry and 

I I irl istr d r. , C, I.I ,il - Cellt.L r of Lhe group. 

Ambrym (Ambrim)
 

The island is 38.6 km 
 long by 96.5 km wide. The active volcano, Mt. Minnei,
 

dominates the landscape. Its eruption in December 1913, accompanied hy a great 

earthquake destroyed numerous coconut plantations. The eastern slopes are 

covered with dense forest. 
 The arable land and plantations are restricted to
 

the coastal zone of the island.
 

Pentecost (Pentecote, Aragh, Aragh-Aragh)
 

The island is 45.06 km long and 12.07 km wide. 
 There is a central range,
 

numerous 
fertile valleys and many permanent streams on the western side, where
 

the plantations and arable land 
are located.
 

Maewo (Aurora, Maevo)
 

Maewo is 46.67 km long and 6.44 km wide. It has a lofty central range which
 

probably accounts for the fact that it has 
the largest rainfall in the group.
 

The island is well-wooded and 
fertile with numerous streams. The general wet­

ness and numerous 
swamps have not attracted European settlers. However, some
 

plantations have been established on 
the western side of the island.
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Tanna (Tana)
 

Tanna is 51.50 km long by 24.14 km across. It is probably the most fertile
 

and attractive island in the group. 
 There are various ranges; the highest rises
 

to 1,020 m at Mount Melen. 
 Tanna is exceedingly well-watered, well-wooded and
 

also well-served by a system of excellent roads, 
one of which traverses the
 

entire island. Its southerly position gives it a pleasant climate.
 

Epi 

Fpi is a very fertile, well -,waterud islarid ahoijt 43.45 km long and 11.7 km 

wide. It is :floUntainous; tne hi yhest ped k is 810 in. This island has some of 

the finest plantations of the group. 

Anatom (Aneityum, Aneytioumi, Aneytum) 

Anatorn, 56.33 km in circumference, is the most southerly of 
the group.
 

The mountains rise to 900 m. 
The valley and the flat 
lands are fertile and all
 

forms of tropical and subtropical The
fruit and vegetables grow luxuriantly. 


climate is quite suitable for Europeans; it was once a favorite resort for
 

whalers and sandalwood gatherers.
 

Other Islands
 

The Banks Islands consist of 
a scattered group lying 80.47 km northeast of
 
the main island group. 
 In this group the vegetation is luxuriant, the rainfall
 

abundant and soil fertile. 
 The chief island, Vanua Lava (Vannua Lava), is
 

about 24.14 km long and 19.31 km wide. 
 There is a volcano, Mt. Suretematai,
 

still active on this island. Extensive deposits of sulphur 
cover part of the
 

island; a French company at 
one time worked the deposits. Port Patteson is an
 

excellent harbour. 
 The eastern most peninsula is occupied by plantations.
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Gaua (Lakon) is very broken. 
 There 
are two peaks of considerable
 

height in the North; Mt. Gharat is an 
active volcano. Between them a lake,
 
about 6.44 km long, occupies the bed of an Mota
ancient crater. 
 (Mota Lava),
 
one of the smallest islands in the group, has a high population density of about
 

25 persons per square km.
 

The Torres Islands consist of 
a chain of small islets (Hiu, Tegua, Lo and
 
Toga) which lie to the northwest of the Banks Islands. 
 The tropical climate
 
with high temperatures and high rainfall 
has not attracted European settlers.
 
The natives are Polynesians. 
 The islands have been seriously depopulated.
 

Other s;ia 11 islads are: 
 Aore and Mal, Sioti,uth i t' !.spiri to ,arIto; Paima anId
 
Lopevi located between Ambrym and 
 Epi; the Shepherd Islands, Tongoa, Emae and 
Mataso, south of Epi; 
and Aniwa and Futuna, east of Tanna.
 

3. Climate
 

Vanuatu clearly 
lies within the tropical climate zone 
in the North to a
 
subtropical regimen in the South. 
 World scale classifications such 
as the
 
Koppen and Thornthwaite are insufficient to give much detail 
about the
 
variations of climate between different parts of the archipelago. 
The islands
 
lie in the region of the southeast trades. 
 The average annual rainfall ranges
 
from above 3,937 mm in the North to 2,286 mm in the South. The highest tem­
peratures recorded anywhere in the group are 
around 32'C. 
 At Vila (which may be
 
regarded as 
the central point) temperatures vary from 28C to 30'C; the average
 
minimum temperature ranges from 21C to 23*C. 
 The average year-round humidity
 

is about 83 percent.
 

The principal chdracteristic of the 
lowlands is thermal 
uniformity over
 
vast areas. The variation of monthly mean 
temperature at 
low latitudes in the
 
northern island 
is negligible. 
 The greatest temperature variations 
are always
 

encountered between night and day.
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The year is divided into two seasons which 
are less distinct in the northern
 
part of the group. In the winter or dry 
season from May to October, the
 
Southeast trade winds 
cause cooler sunny days. 
 The average maximum temperatures
 
vary 
from 28C in the North to 240C in the South, and the average minimum tem­
peratures from 22C in the North to 18°C in the South. During this period the
 
rain is often associated with troughs in the upper westerlies (anti-trades). 
 At
 
Vila the humidity rate drops 
to about 75 percent in drier months. 
 The summer or
 
wet season from November to April 
is the tropical cyclone or 
hurricaie season.
 
The average maximum temperatures in the North vary around 30'C and in the south
 

2W' C. The average miinimum temperatures during the 'u'r season in the North 
are around 23C and in the South 220 C. At Vila the humidity rate rises to about 

88 percent in the wet 
season.
 

Taking into consideration the topography and 
rainfall distribution during
 
the year, the territory of Vanuatu can be divided into three agroclimatic 

regions. The characteristics of 
the regions are:
 

Region I: 
 Strong dry season. Total 
annual rainfall
 
1,500-2,200 mm.
 

Region It: Moderate dry 
season.
 

Ila: Total annual 
rainfall 2,200-2,900 mm.
 

JIb: Total 
annual rainfall 2,900-3,500 mm.
 

Region III: Weak dry 
season. Total 
annual rainfall 
more than 3,500 mm.
 
Figure 7.2 shows the agroclimatic regions, 
the annual rainfall distribu­

tion, the wind direction and the location of the stations considered in the
 
analysis. The distribution of the annual 
rainfall for 
selected stations is
 
shown in Appendix A. 
The mean annual rainfall is shown in Figure 7.3.
 

Region I is located on the west side of the 
islands. 
 The dry season lasts
 
for seven months, 
from May until October. The rainy 
season starts 
in November
 

and ends in May.
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Region II lies on 
the east side of the island. 
 The dry season lasts for
 
five months from June to October. 
 The rainy season 
starts in December and ends
 
in May. Region Ha and 
lib differ in the total 
amount of rainfall during the
 
year more than in the rainfali distribution.
 

Region III occupies the northern islands and the central 
region of Santo.
 
The rainfall is
more moderate throughout the year and there is
no clear dry season.
 

4. Soil 
and Natural Vegetation
 
The New Hebrides Islands yenerdl ly have fertile soil developed from 

volcanic material. 
 Most of the islands have sediments in which limestone is
 
prominent. 
 The soil in Erroinango is composed mainly of 
lava and volcanic
 
agglomerates with terraces 
of raised coral 
located 
on the lowlands. 
 In islands
 
where rivers have eroded the volcanic rock, deposits of alluvial materials are
 
found in the lower lands and alluvial 
flats. The fertile soil, 
the abundant
 
rainfall 
and warm temperatures favor the growth of a heavy forest. 
 The only

breaks in the forest 
are villages, gardens, patches of grassland and abandoned
 
clearings. The flora include trees of useful timber such as kauri pine (Agathis
obtusa), 
tamanu (Calophyllum neo-ebudicum) and species of the valuable 
san­
dalwood. 
 Savannah grasslands 
are found in some 
porous coral 
terraces.
 

B. Agricultural Practices
 

1. Overview
 

Agriculture is the main sector of the Vanuatu economy. 
 Because of the
 
mountainous, forest-covered nature of the land, cultivation is generally
 
restricted to 
the coastal plains and the low plateau. In some relatively popu­
lous small 
islands, cultivation is necessarily more intensive and the available
 
land is insufficient for cash crops.
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The traditional system of subsistence agriculture is based on shifting
 

cultivation with a long-term rotation of ten to fifteen years. 
 In the more
 

advanced coastal 
villages where cash crops have been introduced, fixed
 

cultivation with a rotation of three to five years is
now often practiced for
 

food crops. The most important commercial crops in Vanuatu are coconut,
 

cacao, coffee and rubber. Cacao and coffee are not as well-suited for cultiva­

tion on the coastal soils as coconut palms. 
 These crops were mainly cultivated
 

by European planters before World War II. The Agricultural Department has
 

attempted to encourage native production of these crops but with only moderate
 

success. The major food crops are: yams, taro, sweet potatoes, manioc, corn,
 

bananas, breadfruit, citrus, mangoes and pawpaws. The first two are the 
 staple 

food stuffs. 
 Figure 7.4 shows the distribution of agricultural land use and
 

major crops.
 

2. Commercial Crops 

a. Coconut
 

Conditions in Vanuatu are particularly favorable to cultivation of the coco­

nut palm. The temperature range and the rainfall 
are suitable for coconuts even
 

on the southernmost island of Anatom.
 

The plantations are concentrated on coastal plains because the light soil
 

on a coral 
base provides the good drainage that coconut requires. The total
 

area under cultivation is 69,000 ha (Carter, 1984). 
 The major center of produc­

tion are 
the central and northern islands, particularly, Espiritu Santo,
 

Malakula and Ambrym. 

On Espiritu Santo there is 
a coconut research station engaged in a long-term
 

program to improve the yield of coconut plantations in Vanuatu. The station
 

also studies the wind tolerance of 18 coconut varieties and hybrids and nitrogen
 

deficiencies of soil. 
 Several species of legumes were introduced with the dual
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purpose of increasing the nitrogen content of the soil 
and producing better
 

grazing coiditions for the cattle.
 

The copra of Vanuatu is generally of 
a lower quality than that produced
 
elsewhere. 
Efforts have been made to improve the quality of the smoke-dried
 

copra and to introduce the use of other techniques such as hot air-drying.
 

Insect damage on coconut plantations is lisced in Appendix B.
 

Since World War II, 
cacao production
 

b. Cacao 

Cacao is the second most important cash crop in Vanuatu. It was introduced 
in Che Vanuati archipelago dt the heginn'i. of the century. Ry 191) there were 
already 240 hectares on 30 plantations. 

has fallen to only 
about 15 percent of pre-war levels. 
 The rising production
 

costs forced the planters 
to abandon production.
 

Cooler temperdtures and 
low soil fertility characterize the ecological
 

environment for cacao 
in Vanuatu. 
 Under these conditions yield averages only
 

0.22 ton/ha; however, the cocoa 
is of high quality.
 

c. Coffee
 

Coffee is the third most important cash crop but there has 
been no signifi­

cant increase in production over the last few years. 
 Like cacao, coffee was
 

planted with or under coconut on 
some 25 plantations.
 

In 1962 the Agricultural Department began to encourage coffee growing in the
 
middle bush area on 
Tanna, which was considered 
to be well-suited to the culti­
vation of the Arabica variety. 
 From 1962 to 1971 about 50 hectares of land
 
owned by natives was planted. In 1970, 91 
tons of coffee beans were exported,
 

but since that peak year the production and exports have declined.
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3. Food Crops
 

The cultivation of vegetables for sale in the domestic market is restricted
 

to the coastal 
plains near the villages. 
 The production and distribution of
 
subsistence foods 
is a major economic activity. All households have access to
 
one or 
more gardens located varying distances from the village. 
 Women are nor­

mally the garden workers.
 

Root and tuber crops grown for domestic market 
are: yams, taro, sweet pota­
toes and manioc. The first two 
are the staple food stuffs. Fruit tree crops
 
include: banana, breadfruit, citrus, mango and 
pawpaw. 
 Other crops for consump­

tion are corn, pineapple and vegetahles such dS tomatoes, cabbage and 

watercress. 

4. Crop Calendar
 

Root and tuber crops have two 
planting seasons in Agroclimatic Regions I,
 
Ila and Jib. Sweet potatoes, taro, and cassava are planted during the rainy
 
season (November-April). Harvesting takes place 3 to 5 months after planting
 

for sweet potatoes, after 6 months for taro, and after 9 months for 
cassava.
 
The land preparation for yam planting starts 
in July or August. Planting is
 
usually spread over 
3 to 4 months, between August and December. The tubers 
take
 
between 7 to 9 months to mature and 
harvesting begins in March. 
 The harvesting
 

of all root 
and tuber crops usually extends throughout the year. The general
 

practice is to leave the tuber in the ground until 
it is needed.
 

In Agroclimtic Regions I, Ila and 
lib maize is sown 
from November until
 
January and in Agroclimatic Region III the sowing 
starts during February-March
 

to avoid heavy rains during the last stage of maturity. The harvesting begins 3
 
months after sowing for sweet corn 
and after 4 to 5 months for grain corn.
 

Coconut and banans or 
plantains are perennial 
crops harvested year-round.
 

Breadfruit and citrus fruit 
are seasonal perennial crops and crop calendar
 

information is not available.
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Several 
sources were used to estimate the crop calendar shown in Table 7.1.
 
Further verification is needed before the crop calendar can be used in opera­

tional programs.
 

C. Economic Activities
 

The economy of the islands that make up the Vanuatu nation has been almost
 
entirely based on 
agriculture. 
 Small contributions 
are made by forestry, deep­
sea fishing and mining. 
 The major cash crops are coconuts, cocoa and coffee.
 
The production and quality of the crops are 
low in relation to the quality
 

elsewhere. In recent years 
 great efforts have heen ma(le to improve the (ality 

of the copra for export.
 

The forests on 
the islands of Erromango, Anatom and Efate have timber of
 
commercial value. Exploitation is partially impeded by 
lack of transportation
 

facilities, and only minor quantities have been exploited for domestic and
 
external use. Deep-sea fishing is carried 
on in adjacent waters. 
 The catch,
 
mostly tuna, is frozen and exported to the United States, France and Japan by
 
the South Pacific Fishing Comp'ny which has American, British, French and
 
Japanese capital. Manganese adds 
to the known resources 
of the islands. The
 

deposit occurs at 
Forari on 
the east coast of Efate.
 

Cattle are raised 
for grazing on 
coconut plantations 
to add to the domestic
 
food supply and for meat processing for export although domestic demand is
 

absorbing an increasing amount of the available supply.
 

There is very little manufacturing and that which does exist is directed
 
toward the home market. There is also 
a small meat-canning plant that produces
 
good beef in aspic and corned beef for sale domestically and for export, mostly
 
to New Coledonia. 
 Few native handicrafts that 
can 
be sold abroad are produced
 

in the islands.
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TABLE 7.1. ESTIMATED REGIONAL CROP CALENDAR FOR VANUATU
 

///Planting/Sowing, ---Vegetative/Flowering, 000 Harvesting
 

Region Crop J F M A M J J A S 0 N D Comments 

Region I, 
Ila & lib 

Yams ... .. 
00 00 

// // // 
00( 00C OOC00O 00C 00C 

// I/ 

Taro /I II// 
00 00( 00 00 0000 00( 00( 00( 

// 
00 

II The harvest 
00 6 mos after 

starts 
plant­

and continues 
year-round. 

Cassava 
(Manioc) 

// // /I 
OOC 00 00 

i 
00 00C 00C 00( 00C 00C 00C 

// 
0 

i The root tuber is 
00( ready for harvest 

after 9 mos. 

Sweet 
Potato 

// // // I 
00C 00( 00( 00C 00. 00C 00C 00( DO( 

1/ // Harvesting take 5 
OOC OOC00 place from 3 to 5 

Maize 

(Corn) 
// -- 00 00 00 // // 

mos. after planting. 

Region I, 
Ila, hib & 
III 

Coconut 
Banana or 
Plantain 

00( 00 
00 OOC0 

00( 00( 00C 00 
00 OOC 00 00 

00 
00 

O00 
00(] 

OO 0 
OO 00( 

00( 
OOC OO 

Commercial product­
ion is concentrated 
in Northern and 
Central islands. 

Region III Maize 
Taro 

Cassava 

Sweet 
Potato 

/ 
// / 
000 0OC 
// // 
00 00 
/// /// 
00 0G. 

// . . C00000 
// /// // // // // / /// ///
00( 00 00C 0OC 00 00( O 0C 00 00(

/// / /// Ii // //I // //
00 00 00 00 00c 00 00( 00 00( 00(
// /// /// // /// /// /// /// //i ///
00C 00C 00 00C 0010 00 OC 00C 00C 00 
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CHAPTER VIII
 

POTENTIAL ENVIRONMENTAL HAZARDS
 

A. Overview
 

The island countries and territories of the Pacific region represent some
 
of the most ecologically vulnerable nations in the world. 
 Most of the islands
 
lie within the seismic region of the Paci fic Basin. Tremors cind earthquakes are 
frequenit, especial ly alorng the Tonga trench and throughout Melanesia. Strong 
earthquakes are sometimes accompanied by tsunamis. 

The high islands of the area 
have active or potentially active volcanoes.
 
Fiji, Vanuatu and Tonga 
lie within the hurricane zone 
and are affected by 
an
 
average of 2 to 3 storms a 
year. 
 The Gilbert Islands (Kiribati) and many
 
islands of other countries are made up of coral 
atolls with irregular rainfall
 
and are 
thus subject to drought. 
 For example part of Kiribati, Fiji and Tonga

experience droughts from time to 
time. 
 Nauru suffers 
from a state of perpetual
 
drought and has 
to import water.
 

Pacific Islands 
are vulnerable to natural disasters that affect not only

the ecological balance but also the economic well-being. Lives lost, homes and
 
buildings destroyed, crop loss, infrastructure damage, and environmental effects
 
produce an unfavorable impact 
on the economy. 
A detailed listing of historical
 
episodic events by island 
groups is shown in Appendix B.
 

Natural disasters can 
be divided into three main events: 
terrestrial,
 
including volcanic eruptions and earthquakes; atmospheric, including typhoons
 
(hurricanes), tropical storms, and climatic extremes such 
as drought; and
 
oceanic, including tsunamis and associated storm surges.
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B. Terrestrial Events
 

1. Volcanic Eruptions
 

The great majority of the volcanos in Melanesia are of the explosive type
 
yielding very little lava but great quantities of ash. The outstanding excep­
tion is Mt. 
Benbow on Ambrym (Vanuatu) which erupts balsaltic 
lava from flank
 
fissures. 
 The immediate consequences of ash falls 
are serious destrjction of
 
crops and trees. 
 If heavy and prolonged they may bring about the temporary
 
evacuation of the area, as 
has happened several 
times in the last 
100 years.
 
rExcept where fl I s are very heavy and frequent , the recent ash is often of high 
fertility and enriches the soil 
of surrounding areas.
 

Vanuatu has several 
craters on 
the list of active volcanos of the world.
 
They include: Karua and Epi (submarine); 2 volcanoes on 
Ambrym which produce
 
showers of ash occasionally, accompanied by lava; Yasur on 
Tanna Island
 
producing periodic ash showers; Lopevi and Hunter which have erupted intermit­
tently; four centers of submarine activity on 
the east coast of Epi, north of
 
Tongoa Island, Mount Gharet on Lakon; and Mt. 
Suretemati on Vanua Lava in the
 

Banks group.
 

There are four volcanos in the Solomons Islands 
one on the island of Savo
 
which erupted in 1849; one on Simbo Island; 
a submarine volcano Karachi south of
 
New Georlia and Tinakula in Santa Cruz which erupted in 1971.
 

In Fiji 
no volcanic activity has been recorded recently. Hot spring acti­
vity is common throughout the group and 
is caused by subterranean volcanic
 
activity in some places and by 
structure displacements in others. 
 There have
 
been periodic volcanic eruptions on Tonga. Niuafo'ou, Late, Tofua, Falcon and
 

Forualei islands all 
have active volcanos.
 

The Gilbert Islands (Kiribati) 
are of atoll formation and are not 
affected
 

by volcanic eruptions.
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2. Earthquakes
 

The zone of high seismicity that 
runs 
along the western edge of the Pacific
 
Border through Melanesia is part of the Circum-Pacific Active Zone, characterized
 
throughout by both earthquakes and volcanism. 
 The two activities are frequently
 
linked, but earthquakes 
are both more widespread and more 
frequent than volcanic
 

eruptions (Brookfield, 1971).
 

Earthquakes are a regular phenomenon in Vanuatu, but those of high magni­
tude are considerably fewer. 
 The most seismically active areas 
lie between
 
Espiritu Santo and Torres 
Islands and between Anatom and Erromango. 

The So IOMo 131tdsl , lit? in a seismic.ally active region. There were serious 
earthquakes 
in 1959 and 1977 which produced landslides, flooding, and tidal
 

waves 
in the South Guadalcanal area.
 

Numerous earthquakes occur east of Fiji 
where the Pacific plate is sub­
ducted under the Tonga trench. There are 
two active seismic zones offshore, one
 
north of Vanua Levu and the other between Suva and Mbengga.
 

Tonga is located in 
a region of very high seismic activity. Earthquakes in
 
the Tonga trench in 1917 reached 8.7 on the Richter scale and in 1919 reached
 

8.4; both were felt in Tongatapu and Ha'apai.
 

C. Atmospheric and Oceanic Events
 

1. Atmospheric
 

a. Storms
 

Typhoons or hurricanes are a hazard in the southwest Pacific.
 
Violent tropical cyclones are associated with the equatorial 
zone of con­
vergence. 
The cyclonic depressions usually develop between 15 degrees south
 
and 1i5-190 degrees east and intensify only after they have moved southward from
 
this latitude. 
They follow erratic paths, but 
most frequently move 
in the area
 
between the Solomon and Society Islands. Occasional storms sweep along the
 
Queensland coasts and 
even as far south as 
north of New Zealand.
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Typhoons usually occur during the wet season 
from November to April. 
 The
 
very strong winds sometimes exceed 100 knots. 
 The chance of any 
one island
 
being seriously affected is fairly small; the frequency of occurrences 
over any
 
one place is of the order of two storms a year and one hurricane every two 
years. In general, four to six tropical depressions occur during the warm 
season, of which one of fourout might reach hurricane proportions. However, in 
some islands 
as many as three hurricanes have occurred in a single yea and 
sometimes there have been three years without a hurricane.
 

For Vanuatu, 22 hurricanes were 
 reported during 26a year period from 
1867-1893 and 
75 notable tropical 
storms and hurricanes between 1800-1981.
 

(Franco et 
al, 1982).
 

There is a period of eight years 
for which there are no records and other years
 
with incomplete information. 
 The Solomon Islands recorded 14 notable storms
 
from 1951 through 1982. Lack of 
information, particularly immediately following
 
the war years, precludes any possibility of dealing fully with hurricanes in the
 
Solomon Islands. Hurricanes and 
tropical cyclones 
are the most common types of
 
natural disasters in Fiji, 
occurring on 
an average of once a year 
over the last
 
100 years. 
 From 1880-1975, eastern Fiji experienced 75 hurricanes. 
 Hurricanes
 
are the most common type of disasters in Tonga. 
 Notable storms 
affect the
 
islands every 2 to 3 years, but sometimes 
more than one storm can occur 
in the
 
same year. 
 Most of the storms travel east, southeast, or south when they reach
 
Tonga; 
a few of them proceed west. 
 The Gilbert Islands 
(Kiribati) 
are located
 
north of the area where tropical storms 
usually develop. However, the storms
 
travel 
erratic paths and the lack of records does 
not mean that the area 
is not
 

affected.
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b. Drought
 

Drought has 
long been a problem throughout some 
of the Pacific Islands such
 
as Nauru and the Southern Gilberts, the Phoenix Islands and Christmas Island in
 
Kiribati. 
 Drought may, however, 
occur anywhere, even 
in those regions which
 

experience high annual 
rainfall.
 

Details of drought occurrence 
in Fiji have been presented in Chapter 2.
 
The climatic diagram for Lauthala Bay (Figure 2.16) shows water excess year­
round Under normal conditions. However, a drought occurrence was reported for 
I954 wnich affected sugar dnd copra export arid ain 1968 severe drought CdUSe1 
a fall of 17.2 percert in the production of sugar cane. In addition, the Palmer 
Drought Index estimated for 
a series of 63 years 
(from 1921 to 1984) shows
 
occurrences of moderate drought during 1931, 1933, 1938, and 1940. 
 From January
 
1943 to 
September 1945 a prolonged drought affected the region, reaching 
an
 
extremely 
severe condition in August 1943. 
 Other drought spells occurred in
 
1965, 196/ and 
from June 1977 to August 1978. 
 More recently, moderate drought
 
was recorded for the same 
area from 1982 to 1984.
 

Other islands such 
as 
the Gilberts in Kiribati, subject
are 
 to frequent
 
drought conditions. 
 Losses in copra production due to drought were 
reported in
 
Tarawa during 1934, 1954-55, 1963 and 
1973-74. 
 The records of drought
 
occurrence in Tonga show adverse effects 
on crop production during 1930,
 
1951-52, 1953, 1977 and 1978. 
 More recently, in 1983 taro production was
 
reduced by 50 to 80 percent due to an 
occurrence of 
severe drought. Drought
 
occurrence are 
not recorded the Solomon 
Islands and Vanuatu.
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2. Oceanic 

The most important oceanic disaster events are 
storm surges resulting
 
from very low air pressuire and wind closely linked to the 
occurrence of hurri
 
canes and tsunamis. 
 Storm surges often cause drastic coastal landform changes
 
and considerable inundation of large expanses of lowland. 
 Oceanic episodic
 
events are usually recorded as 
part of other major events such as earthquakes or
 
tropical storms.
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CHAPTER IX
 

SUMMARY
 

This report is written to proviJe background information that 
can lead to
 
assessing and possibly mitigating the impact from climatic variability.
 
The islands included in this report are: 
 Fiji, 
Gilbert (now part of Kiribati),
 
Solomon Islands, Tonga and Vanuatu (formerly New Hebrides).
 

A complete agruclimatic backgruund report eachof island group included a 
description of: 1) the physicdl envirunrient includiny geography, topography, 
climate, soil 
and natural vegetation, 2) agricultural practices information for 
commercial crops and food crops and crop calendar, and 3) economic activities.
 

Agroclimatic reyions were established for each island group using total 
annual rainfall, rainfall distribution, wind direction and 
topographic
 
features. 
 Data bases were dcveloped to systematically study the climate and 
its 
relation to agriculture. The meteorological data were computerized for each 
station. Analyses of potential evapotranspiration estimates and 
a drought index
 
were also made 
for selected stations.
 

The climatic requirements of commercial and food 
 rops in the Southern
 

Pacific Islands were discussed in detail.
 

Episodic event data on occurrences of tropical storms, earthquakes, volca­
nic eruptions, tsunamis, drought and other disaster experiences related to crop
 

failures were documented for each island group.
 

The background information on climate and 
agriculture for the Southern
 
Pacific Islands provided 
in this report may be used for developing drought early
 
warning and land use 
planning resource in the island groups.
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APPENDIX A
 

METEOROLOGICAL DATA
 

Table A.1. 
 Mean Monthly and Annual Air Temperature in 
aCe
 
Figure A.1. 
 Rainfall Distribution for Selected Stations 
in Fiji.
 
Figure A.2. 
 Rainfall Distribution for Selected Stations in


GiIbert Islands (Kirihati).Figure A.3. Rainfall Distribution for Selected Stations in the
 

Solomon Islands.
 
Figure A.4. Rainfall Distribution for Selected Stations in Tonga.
 
Figure A.5. Rainfall Distribution for Selected Stations in Vanuatu.
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TABLE A.1.
 
MEAN MONTHLY AND ANNUAL AIR TEMPERATURE IN 'C FOR 

SELECTED STATIONS IN SOUTH PACIFIC ISLAND GROUPS
 

Island 

Group 
Agroclimatic 

Region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Annual 

Mean 

Fiji Region I 
Labasa Mill 

Lambasa Airport 
Lautoka Mill 

Lautoka Point 
Nacocolevu 

Nadi 

Penang Mill 
Rarawai Mill 
Undo Point 
Yaqawa-l-Rara 

26.8 

26.8 
27.2 

26.8 
26.4 

27.0 

27.6 

27.2 

26.6 
27.0 

26.8 

26.7 
27.3 

26.8 
26.5 

26.9 

27.6 

27.1 

26.7 
26.9 

26.6 

26.6 
26.9 

26.7 
26.2 

26.7 

27.3 

26.9 

26.6 
26.6 

26.2 

26.3 
26.6 

25.9 
25.6 

26.2 

26.8 

26.5 

26.3 
26.4 

25.3 

25.1 
2!.6 

25.1 
24.0 

25.0 

25.9 

25.3 

26.0 
26.0 

24.4 

24.3 
24.6 

24.0 
22.9 

24.0 

24.9 

24.1 

25.3 
25.3 

23.8 

23.4 
24.0 

23.3 
22.1 

23.3 

24.2 

23.3 

24.6 
24.6 

24.2 

23.9 
24.3 

23.7 
22.5 

23.8 

24.6 

23.8 

24.7 
24.8 

24.7 

24.8 
24.8 

24.3 
23.3 

24.5 

25.1 

24.7 

25.0 
25.1 

25.4 

25.4 
25.7 

25.0 
24.1 

25.2 

25.9 

25.5 

25.6 
25.7 

25.9 

25.7 
26.2 

25.6 
25.1 

25.9 

26.6 

26.1 

25.9 
26.1 

26.4 

26.3 
26.8 

26.3 
25.9 

26.6 

27.1 

26.6 

26.6 
26.7 

25.5 

25.4 
25.8 

25.3 
24.6 

25.4 

26.1 

25.6 

25.8 
25.9 

Region Ila 
Matuku 

Ono-I-Lau 
26.8 

26.3 
27.0 

26.6 
26.8 

26.4 
26.3 

25.7 
25.1 

24.3 
24.1 

23.4 
23.1 

22.4 
23.6 

22.4 
24.2 

22.7 
25.0 

23.6 
25.7 

24.5 
26.4 

25.3 
25.3 

24.5 

Region lib 
Nambouwalu 
N: d:ar iV;1t u 

V11:1i:;,a 

26.9 
21.6 

2,,.4 

27.1 
22.0 

21.8 

26.7 
21.5 

2t.1 

26.3 
.o} 

24.') 

25,5 
20.() 

.. . 

24.7 
18. 

21.2 

23.9 24.0 
1 . 18.8 

. '. 2.t, 

24.4 
19.0 

23.1 

25.2 
20.1 

23.) 

25.4 
20.6 

2... 

26.3 
21.1 

26.1 

25.5 
20.2 

24.6 

Region I1I 
L.authala Bay 
Nausori Mill 
Rotuma 

Suva 

26.3 
26.2 
27.4 

26.8 

26.3 
26.5 
27.3 

26.9 

26.1 
26.4 
27.2 

26.8 

25.7 
25.6 
27.4 

26.1 

24.7 
24.3 
27.2 

24.8 

23.9 
23.3 
26.8 

23.9 

22.9 
22.6 
26.4 

23.1 

21.S 
22.6 
26.5 

23.2 

24.2 
23.1 
26.7 

23.7 

24.9 
23.9 
26.8 

24.4 

24.9 
24.7 
27.0 

25.3 

25.8 
25.6 
27.2 

26.2 

24.8 
24.6 
27.0 

25.1 

Gilbert Region 
Arorac 

Beru 

I 
28.8 

28.2 
28.9 

28.3 
29.1 

28.3 
28.9 

28.3 
29.1 

28.5 
28.8 

28.4 
28.6 

28.2 
28.8 

28.0 
28.8 

28.6 
29.0 

28.5 
29.0 

28.4 
29.0 

28.4 
28.9 

28.3 

Region l1 
Tarawa 28.2 28.1 28.1 28.2 28.4 28,3 28.2 28.3 28.4 28.6 28,3 28.3 28.3 

o1 om nRegion I 
Honiara 26.8 26.7 26.5 26.6 26.7 26.4 26.2 26.3 26.5 26.7 26.8 26.7 26.6 

Region II 
Tulaghi 27.7 27.7 27.7 27.7 27.5 27.1 27.1 27.0 27.2 27.4 27.8 28.1 27.5 

Tonga Region I 
Nukualofa 25.6 25.9 24.1 23.2 21.4 21.3 21.4 21.7 22.4 23.8 24.8 25.4 23.4 

Region I 
Vava'u 26.4 26.7 26.0 24.8 24.2 23.2 23.1 23.7 24.3 25.1 25.9 26.0 25.0 

Vanuatu Region I 
Vila 26.4 26.8 26.1 25.2 24.0 23.2 22.4 22.7 23.2 23.9 25.0 25.9 24.6 

Region Ila 
Aneityum 26.0 26.6 26.0 24.9 23.4 22.5 21.5 21.4 22.0 23.1 24.2 25.3 23.9 

Region Ilb 
L.uganville 25.5 25.8 25.4 25.3 24.1 23.6 22.8 23.3 23.8 24.1 24.8 25.4 24.5 

Region III 
Port Patteson 26.0 26.9 26.6 26.1 26. I 25.8 25.2 25.2 25.5 25.7 26.1 26.6 26.1 
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APPENDIX B
 

EPISODIC EVENTS DATA
 

Table B.I. Fiji 
Disaster Experience Profile.
 

Table B.2. 
 Gilbert 
Islands (Kiribati) Disster Experience profile.
 

Table .3. 
 holomon D)isaster Experience Profile.
 

Table B.4. 
 Tonya Disaster Experience Profile.
 

Table B.5. 
 Vanuatu Disaster Experience Profile.
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TABLE B.1
 

FIJI DISASTER EXPERIENCE PROFILE- /
 

1. TERRESTIAL EVENTS
 

a. Earchquakes
 

1921, Earthquake was reported at 
Tuvaloa and CaKaudrove area.
1932, The southern tip of Koro Island was 
affected by an earthquake.
1953, 
 An earthquake in the Suva-Mbengga zone reached 6.75 on 
the Richter scale.
1961, Suva zone was 
affected by earthquakes.

1970, An earthquake was 
reported in the Suva-Mbengga area.
1975, Suva-Mbengga zone reported an 
earthquake.
1976, I)uri ng the month of July and Augu st 30 mi nor ea rthquakes were recorded in 

tile Stiva regjion.

19 9, In olIve!wr, two oirthi(lljdk ; ro isBterLid f6.() 
 . and 6.3 ! ., rPslpectivel . 

2. ATMOSPHERIC EVENTS 

a. Hurricanes, Tropical Storms and Cyclones
 

1939, December 28 minor storm damage to roads and power lines.1941, February 19-20 severe hurricane: Central Lau) Lomaitivi and Viti Levu;Suva's worst hurricane since 1910, 3 lives lost.1941, April 7 moderate: SSE east of Vanua Levu and through the Lau Group.1941, December 26 minor storm; southeastward between Vanua Levu and Viti Levu,southern Lau; slight damage in Savusavu district and Taveuni.1943, January 1, moderate storm; SSE over eastern Vanua Levu and Lau Group; 
severe in southern Lau.


1943, March 17 minor storm southeastward and through Lau group.
1944, January 8-10 minor storm e;',atic, passed through southern Lau.1948, December 7-8 moderate to severe storm; SSE east of Vanua Levu and throughthe Lau Group; considerable damage to plantations, food crops, 
houses
in Taveuni, 
Lau Group; Lauan airlift of RNZAF.
1950, February 2 minor: southwestward through northern Lau Group; gales but 
no

significant damage.


1950, February 25-27 moderate storm; 
 westward between Vanua Levu and Viti
 
Levw, then southward.
 

1950, March 30 moderate storm; Viti Levu.
1952, 
 January 24 minor cyclone: southeastward over Vanua Levu and Lau Group.
1952, 
 January 28 severe hurricane: near Suva; 23 lives 
lost, new banana plan­
tations 
wiped out, drop in production.
1954, April 
22-25 storm: moved southeast 
over Vanua Levu, Lakeba, and Tonga,

causing strong winds 
in Lau.
 

1955, January 5-6 moderate storm: Yasawas.
 
1955, January 27-28 minor storm: 
 eastward south of Viti 
Levu.
1957, February 26 minor storm: 
 southwestward through Koro Sea.
 

1_/
 
Information quoted from: 
 Franco, et al (1982).
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1958, 
 January 7 moderate to severe cyclone: southward through Lau Group.
1958, 	April 
9 minor storm: moved southeast over Yasawas.
1958, 	 December 2-3 severe 
storm: southeastward over central 
Viti Levu; center

passed over Ono-I-Lau.
1959, 	 December 30 moderate cyclone: 
 south of Fiji; coastal villages destroyed

by flooding.
1964, 
 November 22-23 minor cyclone: moved southeastward east of Vanua Levu and

through northern Lai.
1964, 	 December 6-7 minor storm: 
 east of Vanua Levi 
and through northern Lau,

trees uprooted at Katafaga Island.
1964, 	 December 21 moderate to 
severe storm.
1965, 
 February hurricane: 
 wind damage not 
severe, widespread floods.
1966, 	 December 4-5 minor storm: 
 southeastward


1967, April 	 over Viti Levu and Southern Lau.
9-10 severe cyclone: southward over Vanua Levu and just east of
Viti Levu, passing near 
Ono-I-Lau; c:onsiderahle damage to 	 food
houses 	and 

crops.
19/U, )anuary 11 liinor cyclone: gale force winds 
in Kia, Vanua Levu, and
 
Taveuni.
 

1970, 
 October 29-30 cyclone "Nora": 
 gale force winds in Yasawa and
Mamanutha Groups, Viti Levu, 
Lomaiviti Group, Moala, and
1970, 	 Toyota.
December 17-18 cyclone "Priscilla": 
 gale force winds in Yasawa and
Mamanutha Groups, extreme southwestern section of Viti 
Levu, Vatulele,

and Kadavu.
1972, 
 October 23-29 hur; icane "Bebe": 
 severe 	hurricane affected much of the
country; 
18 dead, 120,000 homeless, 6,500 houses destroyed.
1973, 
 February 2 "Henrietta": moderate storm in extreme eastern tip of
Vanua Levu 
(Undu Point), Thikombia Island, 
and Nggele Levu.
1973, 	 April 3-4 cyclone "Juliette": affected Savusavu and Bua; 160,000
homeless; 
later passed over Ha'apai, Tonga.
1973, 
 December 18 cyclone "Lottie": affected Kadavu and 'au Group;
74 deaths, 1373 houses destroyed, 15,000 people rationed.
1974, 	 April 26 "Tina": 
 minor gale force winds 
in extreme eastern tip of
Vanua Levu, Taveuni, Thikombia Island, Naitaumba (Northern Lau).
1975, January 30-February 2 cyclone 
"Val": affected the Lau Gro,p; 75% of the
houses destroyed, 23,000 mass 
fed for 6 months.
1975, 
 April 5-6 "Betty": moderate hurricane ir western Kadavu, Ono Island,
Vatulele, and Ono-I-Lau; extensive damage in some 
Kadavu 	areas.
1977, 	 December 25-26 "Anne": 
 moderate hurricane affecting Naitaumba,
Vanua Mbalavu, Munia Katafanga, and Thikombia-i-Lau.
1978, 	 January 4-5 "Bob": 
 moderate hurricane in strip of Viti Levu west of line
fro n about Tavua to Lomeiwai, 
Yasawa, and Mamanutha Groups; 
one death
in Sambeto, near Nadi, 
where several 
houses 	were demolished.
1978, 	 February 4 storm: 
 several 
islands affected.
1978, 	 February 
18-19 minor cyclone "Ernie": 
 storm force winds in Thikombia
Island, northeastern tip of Vanua Levu
1978, December 29-30 moderate cyclone "Fay": 

(Undu Point).
 
storm force winds 
in Kia,
Thikombia, eastern 
Vanua Levu, Taveuni; coastal damage from combined
storm surge and heavy surf to 
some islands in Lau Group.
1979, 
 March 26-28 severe hurricane "Meli": 
 running in a straight line from the
Eastern through parts of the Central 
and Western Divisions,
traversing parts of the Lau, Kadavu, Rewa, 
and Nadroga provinces;
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heavy storm surge on March 27, reaching between 2-3 m. on the island

of Nayau with wave wash reaching 6 m. in places; severe devastation,
53 persons dead, 300 injured, 15,000 homeless; at least 11 vessels
lost, damaged, sunk, 
or aground; 1,324 families left homeless and 263
 
school units destroyed.


1980, 
 January 2-5 minor hurricane "Peni": 
 gale force winds in Mamanutha
Group, 	extreme western strip of Viti Levu west of line from about
 
Sigtoka to Nadi.1980, 	 March 24 moderate storm Tia: moderate storm, western Vanua Levu,

southern Koro, Vathata, Thithia, Thuvutha, southern half of Vanua
Mbalavu, and Nggamea; moderate flooding in Vanua Levu and Taveuni,
storm surge in Savusavu area, landslides in Koro and Nggan.,a;
deaths, extensive damage to dwellings 

4
 
in Nggamea and Vanua Mbalavu,


504 homes and 31 school units destroyed.
1980, 	 April 3-5 cyclone "Wally": affected Vanua Levu and '/iti Levu; severegale, coastal and inland area between Korolevu and Navua, Vatulele,Kadavu, Mbegga; severe flooding in Navua, Rewa, and other coastal 
rivers
of Viti Levu from Korolevu eastwards; 18 deat~is, 10,000 homeless,269 homes and 31 school units destroyed; heavy damage from flooding andlandslides, extensive damage to Queen's Road between Korovisilou and
Suva; severe loss of livestock, pasture, and crops especially in
 

Navua.
 
1981, January cyclone "Arthur": 
 severe damage to sugarcane industry; 952
homes and all schools in the Yasawa/Mamanuca Group, Lautoka, Nadi,


and Nadroga areas destroyed.

1982, 	 January "Hettie" caused three deaths.

1983, 	 Two hurricanes, "Oscar", early in March, and Seru-later in the
 same month, devastated large sugar-growing areas. (CARTER, 1984)
 

b. Drought
 

1926, Drought affected crops.

1957, Drought affected sugar and copra exports.

1968, 	There was a fall 
of 17.2% in the production of sugarcane that was
 

affected by severe drought.

1983, 
 Severe 	drought, along with hurricane damages has cut sugar production by
about 50 percent. Also will 
affect 	the 1984 harvest as it has prevented


much of the replanting. (Carter, 1984).
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TABLE B.2
 

GILBERT ISLANDS (KIRIBATI) DISASTER EXPERIENCE PROFILE -/
 

1. ATMOSPHERIC EVENTS
 

a. Hurricanes, Tropical 
Storms and Cyclones.
 

1914, Hurricane: 
 Kiribati and Tuvalu; damage to cultivation, suspension of
 copra industry for 
two years; loss of 
a few lives.
1928, Hurricane: 
 Kiribati and Tuvalu; considerable damage to houses and
 
coconut trees.


1972, October 21 
 "Bebe" severe hurricane: Funafuti devastated by winds of
180 mph, with 95% of the houses destroyed, 5 killed, 700 homeless;

Fiji 
and Tonga also affected.
 

b. Climatic Extremes 

Drought
 

1934, 
 Drought and epidemic affected part of the islands.
 

1954-55, 
Long periods of drought affected copra production.
 

1963, Copra production was affected by drought.
 

1973-74, 
 Copra exports were seriously affected by severe drought.
 

1/ 
Information quoted 
from : Franco, et al (1982). 
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TABLE B.3.
 

SOLOMON ISLANDS DISASTER EXPERIENCE PROFILE- /
 

1. TERRESTRIAL EVENTS
 

a. Volcanic Eruptions
 

1971, Tinakula in Santa Cruz erupted and poured lava for 
two months, leaving
6,000 homeless and causing extensive damage, including the loss of the

San Cristobal bridge. 

b. Earthquakes
 

1959, Serious earthquake in South Guadalcanal area 
produced landslides,

flooding, and tidal waves.197/, Serious earthquake occurred on July 7, with dt kmrepicenter 160 solith­west of Bougainville, with a force of 7.3 on the Richter scale, resulting
in 13 deaths.
1978, Earthquake with epicenter at 
320 km south of Guadalcanal, reached 7.3 
on
 
the Richter SCdle.
1980, On July 8, an earthquake with the force of 7.3 R. 
was reported near Santa
uz Islands. On July 9 in the same area othcr earthquakes reached 6.8

the Richter scale.
 

2. ATMOSPHERIC EVENTS
 

a. Hurricanes, Tropical Storms and Cyclones
 

1951, March 24-25 storm.
1952, 
January 23-24 cyclone: developed south of the Solomon Islands but


caused much damage from high 
seas.
 
1955, March 23 storm.

1959, March 7-8 storm south of main islands 
1959, December 20-22 severe storm at Choiseul Bay.
1966, 
 March 28 cyclone "Glenda": 
 widespread damage in Guadalcanal and San


Cristobal, mostly from high seas.
1966, November 14 cyclone "Angela": small, 
violent cyclone over Malaita and
Guadalcanal caused extensive damage.
1967, November 11-12 storm "Annie": 
 caused widespread and heavy damage
especially in the more western islands; winds of 100 mph.
1968, 
 December 11-12 cyclone "Becky": widespread damage in central islands,
especially Malaita and San Cristobal.1971, "Ursula": violent storm over Santa Anna, 1 dead, 2,500 homeless.1972, "Carlotta": 
 loss of lives, serious damage to buildings and agricultural
 
areas.
 

1972, Hurricane "Ida": destroyed valuable timber.
 

i_/
 
Information quoted from: 
 Franco, et al (1982).
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1979, February 20 "Kerry": 
 affected eastern Solomon Islands; 6,000 home­less, 2 dead, and several seriously injured.
1982, April 
2-4 cyclone "Bernie": 
 winds of 35-40 knots and 
gusts of 70-75
knots; heavy surf and falling trees caused much damage.
 

3. OCEANIC EVENTS
 

a. Tsunamis
 

1926. 
 A tsunami in Guadalcanal inundated the port and 
island with waves of

2-6 m high.


1931, A tsunami destroyed 18 villages and 
killed 50 persons.1939, Heavy damage and 12 people were killed by a tsunami in1960, An earthquake April.in Chile caused a tsunami which damaged the wharf. 
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TABLE B.4.
 

TONGA DISASTER EXPERIENCE PROFILE­

1. TERRESTIAL EVENTS
 

a. Volcanic Eruptions
 

1925, Volcanic eruption on 
Falcon Island.
1930, 
 A volcano of Niuafo'ou erupted, destroying a town and one third of the
cultivated land on 
the island.
 
1939, 
 Volcanic eruption on Fonua Lei.
1946, 
 Niuafo'ou volcano erupted again causing considerable damage to crops
and the total population of 2,500 persons was 
evacuated to Nuku'Alofa.
1974, Fonua Lei volcano erupted. 

!, FALrt h(Illakes 

1977, An earthquake of 7.2 R. 
or 7.4 R. 
on June 23 caused extensive structu­ral damage on Tongatapu and Eua. 
 The earthquake lasted approximately 2.5
minutes. On October a tremor was 
felt in the Tonga-Kermadec region but

caused no damage.


1980, Earth tremor that reached 6,3 R.
1981, An earthquake of 7.5 R. had its epicenter in the Tonga Islands and 
also
 
affected Samoa.
 

1982, An earthquake that reached 6.5 in the Richter scale.
 

2. ATMOSPHERIC EVENTS
 

a. Hurricanes, Tropical Storms and Cyclones
 

1944, January 30 southeastward between Niuafo'ou and Keppel 
Island.
1949, December 20 moderate: SSE between Ha'apai and 
Tongatapu ; damage to
 
coconuts.
1957, December 7-8 moderate cyclone: 
 southeastward 
to south of Vava'u.
1960, January 17-18 storm: 
 eastward north of Niaufoou 
on night of January

17 and near Keppel Island next morning.
1960, 
 March 19-20 moderate storm: southwestward to north of Vava'u.
1961, 
 March 16-17 severe cyclone: southward close to Vava'u and Ha'apai
Groups and to east of Tongatapu; 2 dead and 50% of housing destroyed,
leaving 8,000 homeless; banana crop wiped out; coconuts stripped and
uprooted, setting back the copra industry 
two and a half years.
1963, March 11 
moderate hurricane: 
 WSW about 100 km southeast of Keppel

Island.
 

1963, 
 March 12-14 moderate: severe in Nomuka.
1964, 
 November 24-25 moderate: almost stationary west of Tongatapu for
24 hours, then between Ha'apai and Tongatapu.

1972, October storm "Bebe". 

I/ 
Information quoted from: 
 Franco, et al (1982).
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1973, 
 April 12 hurricane "Juliette": Ha'apai Group; 
severe damage to
crops, housing, water tanks, schools, churches 
on 7 islands and in
17 villages. 
 Three deaths, 700 affected, 33% of copra 
lost.
1974, Storm on 
Niuafo'ou.
1977, December 27 "Anne": damaged crops and 
structures
1978, February 21 in Ha'apai.
storm "Ernie": substantial damage in Ha'apai. 
 Five
injured, 10,000 affected, and damage estimated 
at IJS$1.lm (OFDA).
1979, Storm on 
Niautoputapu.
1982, 
 March 3 cyclone "Isaac": severe 
tropical cyclone; violent winds,
heavy rain, and sea 
surge devastated Tonga leaving thousands homeless
 
and 6 dead.
1982, June cyclone: Tongatapu, 
severe damage to 
more than 30 houses, crops
almost destroyed, especially bananas in the eastern division.
 

b. Climatic Extremes
 

)ro lj,h 

1926, 
 Drought depressed trade and affected the copra output adversely.
1930, 
 Severe drought affected adversely the copra production.
1951-52, Drought adversely affected crops.
1953, Drought had 
adverse effects 
on crop production, causing 
a fall
exports and considerable damage to 
in copra
 

197/, bananas.
Effects of d severe drought were 
aggravated hy
1978, Prolonged1 drought the hurricane "Anne".affected crop production; 
the damage was aggravated
by the hurricane "Errie
 

Floods
 

1982, 
 Several villages on 
the northwest coast of Tongatapu were evacuated 
in
 
February following the worst 
floods to strike the area 
in 20 years.
 

4. OCEANIC EVENTS
 

1917, 
 Two tsunamis were generated by earthquakes in the Tonga 
trench.
 
1919, Tsunami was recorded in the Ha'apai 
group.
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TABLE B.5
 

VANUATU DISASTER EXPERIENCE PROFILE1 /
 

1. TERRESTIAL EVENTS
 

a. Volcanic Eruptions
 

1952, On March 
a volcano erupted throwing out ash and cinders 
in Southeast
Abrym. All bushes, 
trees and ferns were killed. All coconuts fell from
the palms and most of them had only 
a central leaf left on 
them.
 
Port Veko and Craig were covered with ashes.
 

1960, On July 10th, 
the volcano on Lopevi, a small island rising steeply 1200 m
out of the sea a few miles north of pi in the centrdl Vanuatj, eruptedwith a viulent explosion after heiiq I)roiant since 1939. 

1961, The existiny volcanoes in the group, Ambrym dn,.1 Yasour were continouslyactive prcducing frequent volcanian type ash showers but without major
eruptionls.
 

1962, Four center of submarine activity noted to 
the east of Epi and
north Erromango. Mathew Island also periodically active. It increased
considerably in size during the past few years. 

1963, 
 In Lopevi a volcano erupted violently, producing numerous 
lava flows and
large quantities of ash. Mt. 
Gharat, a dormant volcano beside a crater
lake 
on Lakon Island in the Bank group, erupted briefly but only ash 
was
 
emi tted. 

1964, Lava and ash clouds from Mt. 
Lopevi erupted intermittently through

the year. Four center of submarine activity noted to 
the east
of Epi and north of Toupoa, and one 
recorded north of Erromango.
 

1965, 
 Activity of the existing volcanoes diminished during the year, although
Yasour on Tanna and the two Ambrym volcanoes continued to produce ash
showers periodically sometimes accompanied by lava fountaining. 
 By the
end of 1965 activity ceased at 
Lopevi which had been erupting intermit­
tently since July 1963.
 

1966, Activity increased on Mt. Gharat on 
Lakon and Suretematai on Vanua Lava
in the Banks group. The idtter volcano characterized only by 
fumaroles
and solfataras erupted in August, emitting ash from a new 
crater on its
northwest slopes. 
 Spasms of an emission were also recorded at Mt.
Gharat. Report of the development of new volcanic center within the 
sum­mit caldera on Aoba were incorrect; this proved 
to be a small solfatara.
 

Information quoted from: 
 Franco et 
al (1982), and New Hebrides, Report For
the year (1959-1960, 1961-1962, 1963-1964, 1965-1966, 1967-1968, and 1969-1970).
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1967, 	 The fumarolic activity of Mt. Suretematei 
on Vanua Lava continued, and
there was a small 
eruption of ash in mid-1967. Mt. Gharat on Lakon also
erupted 
a little ash but more commonly emitted white smoke. 
 After
periods of relative quiescence both Ambrym and Lopevi became active
again. 
 Marum on Ambrym belched forth greath quantities of gas and fine
ash. A turbulent white cloud was characteristically present reaching
3,000 to 4,500 m above the volcano. On at 
least three occasions in 1967,
Mt. Lopevi's activity consisted of the emission of small quantities of
smoke from both the summit and northwest craters, with the eruption of 
basaltic lavas.
 

1968, 	 Marum on Ambrym continued to belch great quantities of gas and fine ash.
On at least four occasions, Mt. 
Lopevi 	erupted with emission of basaltic
lavas that lasted for only a day or 
so, with the lava coming from the
north-west crater and re:--hing the sea 
on the 	west coast. Yasour on
Tanna continued its mild eruption of gas and 
ash towards the end of 1968.
 
1969, Volcanic activity was 
recorded on 
five islands. 
 In the 	Ranks Isiands
mild solfataric activity continLed on VanLia L.ava, and Mr. (harat on Lakonerupted (jlittle ash, although more colmmonly inly a sma1l gas ci 1ud wasemitted. The two voICdnOeS, Marumn dnd Benbow on Amnbrym were mildlyactive throughout the period with periodic increases resulting in ejec­tion of large ash clouds. The strongest of these ash eruptions in August
1967 caused extensive minor damage to garden areas on 
the northwest side
of the island where much of the green foliage was burned and died. 
 The
activity of Lopevi decreased during the first quarter of 1969.
 
1970, 	 There was generally only a little eruption of gas on Lopevi,
tit. apart
from a 	culmination in April-May 1970 when renewed emission of gas
and lava occurred. Yasour on Tanna was 
mildly 	active throughout
1967-1970 showing small fluctuations in activity and 
a constant small
 

eruption of ash.
 

1971, 	 Volcanic activity was 
recorded from most of the 
ten center; the most
notable eruptions were those of the submarine center Karva in the Central

island 	 in February. 

1972, 
 The volcanic activity continued 
in most of the center which are in the
list of active volcanoes of the world. 
 In August, a notable eruption was
recorded on the submarine center of Ambrym. 
In addition, another sub­marine center, of the east roast of Epi, 
was mildly active, the first
time it has been so 
for at least ten years. 
 A number of these eruptions
followed closely on 
strong shallow-focus earthquakes 
in their vicinity.
 

b. Earthquakes
 

1901, 	 A big earthquake was reported in Santo.
 

1966, 	 In Vanuatu 1629 earthquakes were reported 
for 1966, but those of high

magnitude were considerably fewer.
 

1966-67, 
 The number of earth tremors recorded as having originated in Vanuatu
increased compared with the previous two years but 
none were strong and
 no damage was sustained.
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1969-70, 
 The number of seismic shocks recorded as having originated in Vanuatu
decreased appreciably. 
 There were a total 
of 4185 in 1969 and 1706 in
1970. Fortunately, none were severe. 
 Although 
a number of shocks with
magnitude greater than 6 on 
the Richter scale occurred, no damage was
reported (New Hebrides, report 1969-1970).
 
1971, There was 
a general 
decrease in the number of earthquakes compared with
the previous year. 
For 1971 764 earthquakes were 
reported.
were recorded as Six of them
having magnitudes of 6 or more on the Richter scale and
included 
one on October 28th that reached 7.1 
which resulted in three
deaths and caused extensive damage in southeast Santo.
 
1972, Large earthquakes which occurred in 1972 included 
one of magnitude 7.2
near the Torres Islands in February and another of magnitude 7.5 near
Tanna in November; little damage was 
caused by these shocks.
 
1979), An edrthquake ie&;urinq 6.! the
on Richter sel, was reported in Vanuati 

on ,!,-y Ist, 197). 
1980, 
 On July 17 a major earthquake occurred on Vanuatu measuri ny 8.(J on the

Richter scale.
 

1981, A major earthquake shook Vila 
on Santo at 1:59 a.m. on 
15 July measuring
7.0 on the Richter scale. 
 There were no reports of damage or 
casualties
 
at the time.
 

2. ATMOSPHERIC EVENTS
 

a. Hurricanes, Tropical Storms and Cyclones
 

1940, 
 February 8-9 hurricane: 
 severe in restricted area, 
North Efate,
Nguna Island, Mataso Island; many houses and plantations destroyed;

Tongoa devastated.
1940, February 18-19 severe 
in restricted area; southwestward over central

Vanuatu.
 

1947, January 13 storm: Tanna.
1948, 
January 24-25 moderate hurricane: Santo, Malakula, Abrym, and Epi;
most damage to housing and plantations in Santo and
1951, alakula.
December 24-25 severe hurricane: northern Vanuatu, Epi, Ambrym,
Malekoula; almost all villages and plantations destroyed in Epi
Abrym; 100 dead, 9 small 
and
 

ships sunk.
1952, 
 November 30 storm and hurricane affected Efate and 
southern islands.
1954, February 

1956, 

15 storm caused some damage from Banks to Malekoula.
March 2 storm and hurricane affected Efate and southern island;
damagE to plantations.

1957, March 29 
storm: Aneityum.
1959, 
 December 28-29 hurricane "Amanda": from Epi to Aneityum; severe
damage in Vila and 
southern Efate: 
 winds of 75-85 knots with
 

gusts up to 
100 knots.
1960, January I storm and 
hurricane from Malekoula to Efate, where damage
caused by "Amanda" was aggravated.
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1963, 
 November 18 storm and hurricane from Pentecost to Tanna; one
village destroyed 
on Tongoa, Furari mining installations damaged in
 
Efate.
 

1963, 	 November 18-19 moderate storm.

1964, 	 March 31 
storm "Henrietta": 
 Banks and Santo.
1968, 
 March 4 "Florence": 
 affected southern islands.
1968, 	 December 14 
storm "Becky" affected area 
from Santo to Efate; severe
damage 	on Malekoula and Shepherd Islands.
1971, 
 December 9 storm "Ursula": affected central 
islands; floods on
1972, 	 Efate.
January 18 "Carlotta": 
 Santo to Aneityum; severe damage on Efate and


Anei tyum.
1972, 	 February 2 "Wendy": 
 Banks to Malekula; severe damage on 
Banks and Santo,

4 dead.
 

1972, 
 March 20 storm "Yolanda": Aneityum.
1972, April 17 "Gail": Ffate, Shepheri ; severe ddmage on Tongoa, Fmae,

Mataso, Mdkijrd , ild NurtA , t,.
19/4, 	 W-ehrucmry I " " - c er:t. ,irhlirr t,)titnr,i V,inrl lhlevy rdins , I tld( e 
oni Efat e and T.nnm .1975, 	 March 5 storm "Alison": from Malekoula to Efdte; 
severe 	damage on

Tongoa 	and Emae.
1976, 
 ,January 14 storm "D)avid": from Banks 
to Efate; heavy rains, some damage
by wind on Malekoula.


1977, 
 January 15 "Marion": 
 southern islands; subsistence crops destroyed.
1977, 	 January 2() "June": Efate, 
severe damage to 
housing and agriculture on
Mataso, estimated winds of 80 knots in east Efate.
1977, 	 March 
16 storm "Norman": southern islands, winds of 45 knots, damage
to subsistence agriculture on Aneityum, Futuna, Aniwa; landslides 

Tanna and Futuna.	 

on
 
1978, 	 January 5 storm "Bob": 
 southern islands; tidal 
storm wave caused damage
from Emae to Tanna; winds at Aneityumr of 60 knots.
1979, 
 January 6 "Gordon": 
 Torres, Banks, Santo, Malekoula; most of the
houses 	destroyed in Loh (Torres); yardens destroyed 
on Banks island;
tidal 
wave on north Santo where sea 
reached 200 m. inland, 
severe
damage 	to plantations and 
to 8 villages on 
the west coast; 65 houses
destroyed 
in Malekoula and wharf destroyed 
in Norsup.
1981, 	 February 11 
 cyclone "Cliff": extensive damage: 
 houses 	destroyed on
Pentecost, Malekoula, Ambrym, Epi, 
Efate and other islands; trees
blown down in the capital and Vila blacked out 
for several hours;
half of Air Club hangar's roof blown off and 
sheets 	of corrugated iron


flung onto fence 50 m. 
away.
1981, 	 December 12, "Gyan": northern groups and west Santo; heavy rains,
floods on north Malekoula; estimated housing damage V1O0 
million
 
(US$lm).
 

3. OTHER DISASTER EXPERIENCE
 

1960, 
 Copra production of many Vanuatu coconut plantations was at various times
seriously affected by the insect Axiagastus campelli which damaged
the coconut flower and caused nuts to 
fall prematurely with the result
that size of the nuts and copra content were reduced.
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1964, 
 Some coconut plantations on Efate suffered considerable damage of a tem­porary nature fro, the cochineal 
insect Aspidiotus destructor which forms
a scale on 
the underside of coconut leaves and, by 'xtracting the sap,
can gradually kill 
the palm unless is controlled.
lophantes) was A predator (Lindorus
found shortly after the cochineal attack
introduction of the predator proved to be 
began. The
 

very successful in controlling
Aspidiotus.
 

1965, 
 Aspidiotus was considered 
to present 
no serious economic threat 
to coco­
nut plantations.
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