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

Ana Maria P]anchue]o-Rave]ol/

The Agency for International Development (AID) needs re]iéb]e 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 Center Models 3ranch in Columbia, Missouri, and the Atmoyspheric
Science Department ot “he University of Missouri-Columbia initially developed
agroclimatic background information for selected island groups. The islands
included in this project are: Fiji, Gilbert (now part of Kiribati), Solomon
Islands, Tonya and Vanuaty (formerly New Hebrides).

The agroclimatic 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 commercial and foou crops, 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.

1/
“Senior Research Specialist, Atmospheric Science Department, University of
Missouri, Columbia, Missouri, 65211.
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CHAPTER I

INTRODUCT ION

Agriculture plays an important role in the economy of the South Pacific
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
climatic condi<ions sach ag savare droaghts or tropizal storas can lead Lo crop
failures and economic losses. Eor example, in Tonya a drought from September
1977 to January 1978 had adverse effects on crop production, causing a fall in
copra exports and considerable damag: to bananas. This event was aggravated by
hurricanes Anne and Ernie in November 1977 and February 1978, respectively,

[n 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 practices.

An ohjective 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, This background is pari. of a resource analysis to implrment a
proto-type early warning system for %he South Pacific Island group for

drought/food production assessment.

/ -



Toward this goal, this study seeks to accomplish the following objectives:

1) Provision of reliable information on climate ang agriculture,

2) Development of agroclimatic and other data hases which may be 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
Vanuat,

Chapter 11 provides generdal information on climate and ayriculture, Fach
island group is treated separately in Chapters 111 to VII. Potential environ-
mental hazards are discussed in Chapter VIIJ, Climatic dnd episodic event data

are provided in Appendix 4 and Appendix B, respectively,



CHAPTER 11

CLIMATE AND AGRICULTURE

A. Physical Environment

1. Overview

The islands considered in this report are situated in the Pacific Ocean
between 3°20'N and 22°20's latitude and 155°F and 173°W longitude, They are
distributed in three ethnic regions: Melanesia, Micronesia and Polynesia.
Flgure 201 tnows the Major istand yroups,.  Melanesiag is comprised of 4 group of
archipelagos located northeast of Australia with relatively large islands such
Fiji Islands, Vanuate and Solomon Islands. Micronesia is a group of very small
islands located east of the Philippines, including anong others the Gilbert,
Phoenix and I ine 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 “Tow" 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 no more
than a few meters above sea level up to 100 m.

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

The innumerable zmal] islands in the area vary greatly in structure and

form. Some of them, such as the Lay Islands in Fiji and some of the Tonga

Islands, are wholly sr partly of limestone formation, These islands generally

3
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rise steeply from the shore and have a flat topped profile. The atolis 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 1 to 100 km, 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 0lorua in Fiji. These small
volcanic islands have a rugged and broken relief, with a few flat areas near the

shore,

2. Soils

Mature soils with wel] defined profiles can be grouped according to the
dominant factor or factors influencing their formation, The quality of the soi)
depends on 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
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 comparatively more fertile
that the coral soil but usuaily 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
5
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transported materials such as alluvium and wind-blown dust and sand., The only
mature soils whose development is controllad 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 on climatic conditions for their
formation, Podzolization tends to 0Ccur more on acid rock on mountain slopas at
high altitudes, where the annual mean air temperature is around 25°C and humus
accumulation becomes possible., Podzolic soils are usually found in areas with
sdvanna or grassland vegetation, laterization usaally develops on hagic And
nlerabasic rocks in places with NTgh and wed Bsteiouted rainfall ind annual
mean air temperatures higher than 25°C, Latosols known also as tropical red
earths are deeply weathered low-altitude soils, This is the characteristic

SOil type of most of the tropical rain forest, [n areds with continuouys heavy
rainfall the latosols are yellowish or brownish rather 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 4 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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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

Agroclimatic regions were established for each island yroup using rainfall
amounts and distribution, island topography and wind direction. A map showing
the agroclimatic regions, regional precipitation histograms, wind direction,
Aand e teorological statinng i e baded i the Chaptor Hseassing wach iglan.
group. Raintall NTSLOGrams £ e solpct ed SLALIONS 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 amyunt and distribution of rain-
fall. Therefore the seasons, as defined, are not comparable among island

groups.

3. Potential Evapotranspiration
Potential evapotranspiration (PET) is the maximum amount of water loss
from 4 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 4 process very dif-
ficult to measure directly because it is g combination of physical and physiolg-
gical responses to envirunmental conditions, Theoretical equations that yse
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 on solar radiation and air temperature data,

15



These two methods were examined to determine the most appropriate to compute PET

for selected locations in the South Pacific islands,

Thornthwaite Method

This method is based on the equation:
PET = 1.6 (10T/1)4a
where

PET is estimated in centimeters/day,

Fo=monthly mean - temperature {0,

Io= annual neat Index which is 4 function of T and
. ’

H]

a = polynomial function of I.

An adjustment for latitude is required for locations with daylengths
different than 192 hours. This method has the advantage of using only one
meteorological element and the Tocael latitude ag input, Temperature data are
frequently observed at nost of the weather stations, This is the main 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 ijg 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 ig more commonly
observed in weather stations. Hargreaves has developed severa) empirical
formulas to estimate solar radiation from 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 (nm/day) and

TF = monthly mean temperature (°F),

Potential Evapotranﬁpiration Analysis

Using available temperature and sunshine data (Yernstedt 1977 Ruxtehude
98 EY for Nadt aed Pauthals Bay, ¢ s s Monzaly notentiag)l BVAPOLranspiration
Was estimated using the Thornthwaite and Hargreaves methods (Figure 2.7 and
2.8). Both methods provided very similar PET estimates for May thru August hut
major discrepancies were onserved during October, November and December when
d1fferences ranged from 10 Lo 45 percent., When estimated PET is compared with
monthly rainfall, it js 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 bhe quite reasonahle for estimating potential
Bvapotranspiration for locations with tropical humid climates (Ravelo and

Steyaert, 1983),

4. Soil Moisture Balaice

Soil moisture variability is an important foctor in crop production.
Direct measurements of soil moisture are seldom available and involve several
instrumentation problems, [n 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 bean developed to estimate
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occurrence of drought in both locations. 1In Nadi the drought started in
November, 1982 and lasted until October, 1983, During late 1983 and early 1984,
rainfall amounts were normal to ahove 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 the drought. The below normal rainfal) may he asso-
ciated with the occurrences of "E1 Nino", a sporadic abnormal warm current in
the Pacific Deean, Savere drought related with "F1 Nino" was Aftecting
Aastealia, Intona Seon e, Southera Atp oy and Central Americqg duriag 1982 g

19483 (Canby, 1984). More information on drought for each island group is

provided in Chapter 8 and Appendix A,

b. Climatic M ayrams

Climatic Diagrams 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 rainfed agricultural system is compared with the course of
water demand, it is possihle to have an insight into the plant-water rela-
tionship at a particular place. Quantitative information can be ohtained on the
many aspects of the soi]-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 rainfal] distribution pattern
shows distinct dry and wet seasons, Precipitation varies through the year from
a minimum of about 59 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-

25




92

PET, P, AET (mm)

350

300

250

200 ¢t

150

100 ¢

50 1

|

CLIMATIC DIAGRAM
N A D I ’ F l J I i

PREC/PITATION : P
AET tA
PET E

Soll water dopletien

Water excess

Water deticit

s Soll water rechar ge

AE

1 2 3 4 5 6 7
MONTH

Figure 2.13. Climatic Diagram for Nadi, Fiji.



Le

PET, P, AET (mm)

400 -

350 4

300 -

250

200 -

150 |

100 +

S0 ¢

CLIMATIC DIAGRAM
LAUTHALA BAY, FiJi

PRECIPITATION : P
AET : A
PET H 3

Z: WATER EXCESS

g\
=\
T
e
2
I ._‘ ‘
SEEEN y:
s Ty
A
R -~
! o, & .ll‘
e fen: ':'E‘:‘.E,u' G
e R
R R
R e
R =
N 3 N

N.-

6 7 8 9 10 11 1
MONTH

-
N
W
o
0

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). Soi) moisture storage reaches fijeld
capacity by early January and runoff may occur during February and March, There
s more water than is needed by the crops during the gyrowing season.,

[n Lauthala Bay, the dverage monthly precipitation i always larger
than the potential evapotranspiration; there is 4 year-round water excess, Crop

water requirzments are normally met gad pogngfs eeurs very  froquent |y,
. , Y

S AGRICULT RE

l. Overview

Agriculture is the dominant sector of the economy for countries such ag
F1J1,  Vanuata, Solomon and Toanga in the South Pacific Islands, 1[n the largest
islands the agricultural fand is generally restricted to coastal areas and river
banks., Agricultural production is hased on 4 wide variety of crops grown for
export dand domestic consumption, Coconut, the source of copra, is the most
valuable commercial crop for the reyion, Locoa, sugar Cane, and banand are also
importdnt cash Crops on some of the islands, Tobacco and oi] 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
dre very primitive dand centered around copra production and gardens with food
crops.  One of the major problems in these islands is expanding population

pressing on the limited supply of agricultural land,
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The coconut palm grows on many different types of soi! 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 e2nabln
trees to flourish on shallow coralline and sandy soils in coastal heach and
atoll locations where other trees fail. Poor soil drainage is a serijous
constraint, and heavily leached sojls produce low-yielding palms.,

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

The coconu® troe DUGINg To boar teogn ! P Hoyears after goerminat ion an
F2AChRs Mad i yield omet ime between 10 and 30 years. The prime years for the
palm are between 30 and 40, and it can continue to bear hetween 5() and 100 years
depending on care, fertility of the land and climate,

Copra is a coconut product obtdained for EXport by processing the dried Coco-
nut meat hefore extracting the coconut oil,

Coconut is cultivated under plantation conditions in most of the Pacific
Islands,

b.  Sugar cane (Saccharum 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
temperatires of 24-27°C or more and an annual rainfall 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 sojl 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 10 to 15 months or more depending on climate and
variety, After harvesting the cane two or three ratoon crops imay 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.

Co Banana and Dlantain QTUi EUD)

Banana and plantain qre Harge herbaceous perennial plants of Asiatic orj-
gin. Many species and varieties are yrown under plantation conditions in the
tropical zones,

Ahen ripe, all the carbohydrdate reserves in bananas are in the form of
sugar dand 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 30°
north and south of the equator, predominantly in the hot, humid lowland zones,

The banana and plantain grow best jin areas with monthly mean temperatures
around 25-30°C and annual rainfall greater than 2,000 mm, However, there are a
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 jin diameter and 50 cm deep. Most

bananas bear fruit about one year after planting, As soon as a plant has fruit
31
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Pandanus or screw-pine (Pandanus odoratissimus) is widespread in islands of
the Pacific Ocean, where it grows along the coasts producing a helt of dense
1.)penetrable vegetation. Pandanus is a densely branched tree with aereal roots,
6 m high, 1t is cultivated alang 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 frum the fruit jig mixed with coconut milk or grated coconut and
the paste is baked into flat cakes, The leaves are nsed for thatching and for

making matting, SATCKS | cordage hasuets, hat,, whrellas and other Articies,
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The rocks of Fiji represent a longer period of geological history than
those of most Pacific islands and include a 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 km, and Taveuni, 435 square km, The rest of the islands

Nave dn area under 250 square xkm,

Viti Levu

Viti Levu measures 80 km from north to south and 145 km from east to 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 mour..ains 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 s 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 eatry 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 m. 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 38° to 60°C.
The eastern extremity is deeply indented by Natewa Bay. The Natewa peninsula is
Cconnected 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 hroken coast of Vanua Levu provides innumerable harbors
and sheltered havs, labasa (Lambasd) and Nanduri on the north 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 km in length
and varies in width from 13 to 1 km, [t is of volcanic origin and has some high
mountains. The highest point is Mount Washington at 840 m, The land is covered
with tropical vegetation, pastures and arable areas. Vunisea is a town located

on a 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 Seéa 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, Nelaico 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, The western peninsula is open and covered

with grassland.

Ovalau

The island is 13 by 11 km, The origin is volcanic, with high, rugyed
steep hills rising to neights of 915 m,  The valleys are narrow and fartile,
This island was one of the favorites settled by the earliest furopeans, [t

possesses numerous safe harbors,

Kerno

Ke: o, 100 square km, is 16 km long and 8 km wide at the northern end.
The soutn 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 Yasawa 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 16° and 19°30'S and two degrees of longij-
tude between 180° and 178°W., 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 km 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 km, The
remaining islands are very small; hundreds of them are only one square km,

Of the 29 Principal dislands, 13 are of pure limestone formation, R are limestone
Tnvaded by volcanic rocks and only 3 are wholly of volcanic oriygin,
Rotuma is 12 km 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),
Ouring 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. lnder these conditions the windwarc
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 lijes
south of Fiji and the wind direction is more variable, Nuring these months
tropical cyclonic storms or hurricanes are most likely to develop. The asso-
ciation of disturbed conditions with low preéssure 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 15°( and 32°C with an
dverage annual mean temperature around 25°C, The dry zones are cooler in winter
than the wet zones. 1[n 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 90 percent in the wetter
zones and 45-86 percent in the drier areas,

Considering the topography and rainfal) distribution throughout the year

the territory of F1ji can he divided into three Wroclimatic ragiong,  The
CHAMACEeristios of tnpge Feyglons are:
Region | - Strong dry season, Total annual rainfall between 1,800-2,700 mm,
Region 11 - Moderate dry season.

ITa. Total annual rainfall 1,800-2,000 mn,
[Ib, Total annual rainfall 2,000-3,700 mm,

Region I11 - Weak dry season. Total annual rainfall between 2,600-6,400 mm,

Figure 3.2 <hows the location of the wecather stations considered in the
andalysis, the agrouclimatic regions, tne distribution of the regional rain-
fall and the wind direction, 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 Lay group. Region IIb jn-
cludes the central parts of Vanua Levu and Viti Levy and the west sides of
Taveuni, Koro, Ngau and Ovalau Islands, The dry season of these regions lasts
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19, Manqo Island (WP)
50. Latemba (WP)

51. Matuku (WP WT)
52. Ono-1-Lau (WP WT)
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25. Valect (Wp)

26. Balaga {wWp)

27. Yunilangi (wp)

28. Mua (WP)

29. Vanaira (Wp)

30. Waiyevo (WP)

31. Nambouwalu (WP WT ,H)
32. Levuba (WP)
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35, Vunised {(WPWT)
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Distribution of the Regional Rainfall, Wind
and Location of the Weather Stations Considered in the Analysis.
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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 yagona, Some miscellaneous Crops such as mangoes,
soybeans, yams, sweet Peppers, eggplant and passion fruit are exported to
various countries, particularly New Zealand. The principal food crops other
than those mentioned are: rice, maize, sorghum, millet, sweet potato, groundnut
ind beans. Figure 3.5 shows the distribution of gricultaral land use and major

Lrops,

2. Commercial Crops

a. Sugar Cane

Sugar cane is Fiji's most important cash-crop., Raw sugar accounts 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 southeast area of Viti
Levu, but by the mid-1880"s the superior ecological conditions of the dry zones
of the two main islands were recognized, The main outlines 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 from
September til} November, but small areas are also planted from April to May,

The first harvest takes place from 12 to 18 months after planting, Somet imes
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 ptanted 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 Targe enough to produce a reasonable
income. The latest figures in annual production are: 1980-396,000 tons,
1981-479 000 tons, 1982-436,600 tons, 1983-250,000 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 region
of Viti Levu., Most of the suitable cacao land is used for banana and coconut
procduction,

Tobacco grows well in the Sigatoka Valley and ¢long 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 Nadi. 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 coastal lowlands but is undertaken under varied climatic con-
ditions, Both "wet" and "dry" rice varieties are grown. The land is prepared
for "wet" paddy rice from November or December after the Tirst 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 ecsily adapted to the traditional pattern
of agriculture in the villages, the isolation of the interior valley areas has
been a major problem. Hntil recently, standards of cultivation were poar, In
addition, poor handling and packing make it difficult for Fiji to compete with
other- Pacific island territories, The Waidradra Research itation in Viti Levu
was started in the 1970's under an intensive banana pro,ect to overcome the
problems with diseases, Banana exports, once a big earner of overseas exchange

ceased in 1974 (Carter, 1984),

C. 0Other Food Crops

Maize is cultivated on farms near Nadi (Agroclimatic Region 1), and more
recently it is grown intensively in the Sigatoka Valley (Agroclimatic Region
IT). 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 Vitj Levu (Agroclimatic Region ),

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 [Ib, rice is sown from November unti]
January and harvested between March and July. On the east coast of Vanua Levuy
and Viti Levu (Agroclimatic Region I1T1), 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. The second crop is sown in May and harvested during
October-November, In the west and north areas of the main islands (Agroclimatic
Region 1), rice production suffers from drought about once in five years,

Sugdr cane is planted between 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-yuly,

A second bean crop is harvested in September, Pigeon peas are sown mostly
during March-April and harvested after 3-312 months, .

Taro and cassava are planted and harvested year-round. Banana and coconut
are harvested throughout the year. Several sources were used to 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 crops contributing to éxport 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/F]owering, 000 Harvesting

Region Crop J| FL MU AL M J 3] Al s O] N| D Comments

Region I | Rice /// --4 0004 00d 00Q /14 /// Often as a 5 month
crop between sugar
cane in Vanua lLevu

Maize ///] --4 0CqQ ood oo I1h ]/ Planting Sept-Nov.
(Corn)
Sugarcane | --4 --4 --4 --J 00d nogQ 004 00g 00d 0od 00q 0049 Principal crop in
YTt Y e A = == A TIATIA - the region, Harvest
from 15 to 18 mog,

Often planting
rattoon crop after

12 mos.
Region Ila| Rice /714 /// 004 00q 00d ooqd 00d 1IN 7/
and IIb
Maize /1A /74004 ueg 00d 000 00 [IN 7/
Sugarcane | --4 --4 -] o4 o 00d 004 000 00d 00Q --4 --4 Most planting tape
st ILbt WUV VIV VU IEE R s R R S place during hot wet

season March-May,

Beans and /IA /74 774 00Q 00d 00d 00

Peas

Region ITI | Rice (1st)| //4 --4 00d 0oQ ///] Rainfed rice.
(2nd) /1 =-4 --4 --= == =4 004 00y About 20% of the
land, irrigated.
Maize //4 /14 /74 --4 00q 00d 00q

(Corn) J
Banana 00q 009 00d cod ood ood 00d 00 00d 00d 000 004 Principal crop in
J the region,
Beans /A1 77/ 004 00d --- 004 Rattoon crop is
and Peas ' harvested in Sept,

Regions I, | Coconut C0Q@ 00g 0og cod ood 0od cod 00d 00d 00Q 00Q 009
[la, IIb
and I Cassava TINTINTINTINTIA 11/ //J IINTIATIA 114 114 Planted and har-
000 009 ooq ood ood ood ood 0od 0od 00Q 00g 00Q vested *hroughout
the year. Planted at
Taro IINTINTINTIRLIATIA 110 118 114 17/ /1 1]/ anytime and harvested
009 000000 | 00d 00d 00d 00d 00 00G 00g 00d 00g year-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 te the world market is very small, 1In 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 ig
plenty of land available for bananas which at one time occupied a high place
among local products.

Altnough timber is one of the principal natura) resources, forests have
been regarded as a wasted 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 pariner
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'v 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 Levy 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
15 76 square km distributed among 33 islands scattered over nore than five
million square km of ocean,

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

The main islands of the Giibert 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 named Ocean Island, that lies near 0.52°S latitude and 169° 35'€ 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 Central 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. n a few cases the lagooﬁ

is filled, becoming a mass of solid limestone surrounded by a reef.
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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 irea 920 hectares, This atol] 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,

Butaritari
Butaritari nas 4 triangular shape, and is 18 km long from east to west,

[ts lagoon has two entrances for ships and provides good anchorage., Most of the

land is on the south side of the lagoon and s a continuous grove of coconut and

pandanus, Butaritari receives around 2,000 mmn 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

Abemamz 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 28-29°C with little variation
during the day and during the year, The lowest temperature ever recorded was
22°C and the highest, 37°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 equatorial sityatinn the central and southerp islands
suffer from severe drought, The driest months are September and Occober, The
wettest months are December and January. The other moiths are relatively dry.

Taking into considerdation the climate throughout the year, the Gilbert
[stands can be divided into two agroclimatic regions, The characteristics of
the regions are:

Region I: Strong dry season, Total annual rainfall 850-1,300 mm,

Region [1]: Moderate dry season. Total annual rainfall 1,300-2,300mm.

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 ig 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 Il is lc¢cated 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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4. Soil and Natura) 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., 0On some Tslands there are small natural stands of the hardwood
Cordia Subcordata, hut the quantities are insufticient r, warrdnt commercigl
milling,

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

Some sait-tolerant species, mainly Casuarinas, have heen imported and
planted as wind breaks, for firewood or to check erosion. Nearly all intro-
duced plants exhihit the symptoms of chlorosis, from the almost complete lack o~
chlorophyll to a slight yellowing of the leaves; in all cases growth is stunted,
Organic matter in the form of mulch and compost has heen 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 dye 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 crup yields during dry years,
Agricultural Progress is hampered by land fragmentation. Due to the fast
population expansion, only 1.2 hectares of land are allowed per person, Unlike
the farmers of more fertile islands, Gilbert farmers can do al} tne cultivation
necessary on thair farm in one day per week,

2. Commercial Crops

The major part of each island is covered with coconut palms which provi-e
the islanders with apn Tmportant source of food andt drink, The Juice from th,.
FOHny tloaer 5hoots of rne coconut palm is calleq Loddy and s collected by
slicing the tip of 4 shoot with a knife ang collecting the drips by bending the
lower part of the shoot. The fresh toddy contains up to 16 percent of sugar and
1s one of the main sources of vitamins on islands where green vegetables and
fruits are rare, Coconut palms are mostly uncultivated and generally grow close
together., The coconut improvement Campaian standardized the spacing of palms
for replanting at 7 m on the trianole, giving a population 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 rainfal] is
greater a small quantity 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. 0On 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 manur. 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. I[n the northern islands, Agroclimatic Region 11, sweet
potato s the anly truly seasonagl Srope s The planting of sweet PDOTALORS Starty
in Decenber, mmediately after the beginning of the rainy season, and continues
until April-May., The harvesting season begins 4 to 5 monthsg after planting and
extends for several months,

Taro is cultivated in Pits =t ground water Tevel, Planting and harvesting
are hased 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 plantad in 4 separate place any time
of the year, Harvest of bananas or plantains js yedar-round as is coconut,
Breadfruit is g perennial seasonal crop, but precise crop calendar information
1s not available. Severa] sources were used to estimate the crop calendar shown
in Table 4,1. Further verification is needed before the crop calendar can be

used in operational programs,

C. Economic Activities

The economy of the Gilbert Islands is aependent upon copra production,
The production of copra for export indicates a great annual fluctuation which
might be expected in thege islands because of thejr uncertain rainfall,
However, the quality of copra produced is youd, rated first class in the world
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TABLE 4.1

///Planting/Sowing ---Vegetative/Flowering,

. ESTIMATED REGIONAL CROP CALENDAR FOR GILBERT ISLAND (KIRIBATI)

000 Harvesting

Region

Crop

Comments

Regions |
and 11

Babai

Pandanus

Coconut

Babai is the only
root crop which
grows in pits at
water level,

The production
starts 3 to 4 years
after planting,

The palm are almost
entirely uncared and
grow in every island,

Region [1

Banana

Breadfruit

Papaya
(Pawpaw )

Sweet
Potato

The main harvest
period is between
January and May,

The main harvest
period is between
December and May,




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 smal] boats. The expansion of the fishing industry and the devel-

opment of tourism presents possible alternatives for increasing revenyes.
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CHAPTER Vv
SOLOMON ISLANDS

A. Physical Environment

1. Location

The Solomon Islands lie in the Coral Sea t.. the east of New Guinea and north
of the Vanuatu Islancs., The archipelago comprises a double chain of islands,
stretching over 900 miles Northwest to Southeast, The group is located between
5°S to 12°S latitude and 155°30'E to 169°45'¢ longitude. The area of the
country, estimated at 28,530 square ki, is comprised of six major islands, be-
tween 20 and 30 lesser islands, numerous islets and coral 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 seyen provinces, each with a local 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
ignenus 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 the highest mountain
of the island group, The volcanos include one lczated 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 alsg considered a part of the Solomon archipelago., The
most important is Ontong Java. The major islands are Guadalcanal, Santa [sabel,
Malaita, San Cristabal, Choiseul and New Georgia,
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Figure 5.1, Location of Islands and Major Cities of Solomon Islands.



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

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

the island.

Santa Isabel (Ysabel)

Structurally the island 15 a single chain of volcanic mountdains, which in
most parts dip gently to a low-1ying 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 the coast, lorested mountains, with eleva-
tions up to 1,425 m, follow the main axis; the interior ig mostly unsurveyed.,
The island is separated by a narrow passage from Maramasike Island. The two are

so closely grouped that they appear to be gne island,

San Cristobal (Makira)

The island has many of the charucteristics 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-
ment station on a little island of the sdme name and is located near the center
of the Mew 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. Kolombangara 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 Neo2la 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.
Thr. island is composed entirely of coral limestone that has been uplifted about
130 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 Polynssian origin,

The Russell group is comprised of two large islands with a fringe of small
islets. The largest is Yandina where one of the finest plantations in the area

is located,
76



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 22 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, Al]
of them are of atol] formation, Ontong Java is a group of several islets about
250 km north of Santa Isabel, The Shortland [stands are west of Choiseyl and

south of Bougaiaville,

3. Climate

According to Trewartha's climate classification (Trewartha, 1968), the
Solomon Islands have a tropical climate, The prevailing 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
southeast trade winds blow almost continuously, bu: with varying intensity,
Periods of up to tan days or more of strong winds with gusts of 25-30 knots and
rain squalls are fol)owed by fine days with light sou:heast winds of 5-10 knots,

Between November and Aprit 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 cyclores 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 cause” 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 26° to 27°C.  The days are usually hot, but cool
land breezes from the mountains make the coastal areas cooler in the evening,
The temperatures seldom exceed 32°C during the day or fall below 22°C at night,
The major islands are high enough to allow the coastal temperatures to occa-
sionally fall as low as 19°C.  The highest temperature ever registered in the
Solomon Islands was 36°C in June 1970 in Kirakira; the record low is 14°C
recorded in Auqust 1972 in Auki,

Considering the topography and rainfal] 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 111 - 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 chown 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 IT occupies the central part of the double :riain 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 hoth sides of Region II. 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 :ainfall is

extremely high and reaches the maximum from June until September,

2.0 501l and Natura) Jegetation

The soils of the Solomons vary from area to drea, but there are three main
origins: volcanic rocks, limestone, and alluvial deposits. There are
variations on these three main Categories, Some of the soils of volcanic origin,
particularly those southeast of Rendova (New Georgia yroup), are extremely fer-
tile. Some soils, however, consist of 4 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 of forest are: coastal, 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
more than 45 m, Casuarina is one of the best-known trees that grows 1n the mon-
tane forest. In coastal areas free of mangrove swamps, many 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, 81



B. Agricultura) 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 kinship gr ups,
According to customary tenure, the land is owned by the group hut used by indi-
viduals who May own certain objects such as trees or houses. In addition to
native customary land, there is also freehold and public land, land tenure
registration wiy, introduced in 1993 with the rosult thgt Enree distingt systomg
af land tenure oxist: Lhe customary System, one derived from the unregistered
land that at one time was sold or leased by Solomon islanders, and the land that
1S under registered title,

Coconut 15 the most important crop fol lowed by cacao., A major agricultural
development in the early 1970's was the establishment of the oi] 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,
Resedrch 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,
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2. Commercial crops

a. Coconut

The production of copra hag been the most important industry of the
Solomons since about 1900, when Europeans established the first plantation,
Before then nearly al| Production was fron native groves, Shortly afterwards,
plantation copra became mych more important, The Lever Pacific Plantationg
and Burns Philip Company byilt large-scale Plantations andg enterprises for
growing and Processing coconyt into copra,

Coconut plantatinng are found in northern Guadalcana], 0n the leewarg
sTopes ot ML TS b g SSPeCTally on gy e st fap Tslandgy g the ey
Georygig Jroupand the Ruggel) Islands,  The early plantations Were cieared of
Coastal forest by native laborers using axes, sPades and knjyes, Today byl)-
dozzers and yrdaders do the Work , Sprouting COConuts are planted in lony rows ,
Once the trees are Bstablished, weeding 15 tne principal Wlivity, Some plan-
tations are planted with tropical fodder yrdsses and leguminoys plants so that
cattle may be kept to aid in the ceaseless Fight against weeds,  Resylts
Obtained by introducing legumes on sandy cordlline soils to crercome the serious
nitrogen deficiency uf these so0ils have been most promising,

In the Rysse!] [slands g4 Fesearch program to Tnprove planting ang Care of
Coconut plantations is in Progress hetween Lever Pacific Plantations and the
Department of Acriculture, Two experiments were begun in 1968, one to test a

number of v.rieties and hybrids at different spacings and another to determine

polyethylene bags at different Stages of transplanting.

Each palm tree Produces 20-30 nuts 4 year. The fajlen NULZ are gathered
at intervals of tbout 5ix weeks and carrijed by bullock wagon or motor carry to
the shed near driers where the copra is cut, Most nlantations produce smoke-

dried copra, but this jg not high-grade, Some cf 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

Cacao is also produced on a commercial scale for export, In the 1950°s
extensive efforts were made to introduce cacao das a major crop. Planting began
about 1958 with the encouragement of grants from the colonjal development and
welfare funds. Cacao is grown commercially by individual farmers and Cooperd-
Lives din Malarty bhut rne Product1on 9t 4040 nas ant hepn NOLANT saieesar )
and research has been cdarried on Dy the ygovernment to develop better plants and
growing techniques. Basic investigation into cacao is .arried out at
Guadalcanal Plaing (Guadalcanal) on Rendova Island and Dala Research Station
(Malaita) where trials on Shade, spaciny, fertilizers 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 Phyvophthora palmivora

have been conducted to control the disease. Rapid harvesting and corrective
pruning have resuited 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 1981 was 591.8 tons, more than three times the
1977 total of 162.7 tons. The 1980 total was 345.7 tons, Most of the crop

s exported to Furope (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 Isabe] 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 results show yood 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 o1l 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 chilj 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 [lu 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 absence 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 domestic food consumption are sweet potatoes, yams,
taro, cassava, hananas and plantains, 7lie bulk of these crops are grown for
marketing near district center;. I[n addition, pineapples, watermelons, beans,
Cabbayge, sweetcorn and salad vegetahles are sent to these markets on a minor

scale,

4. Crop Calendar

In Agroclimatic Regions I and I] 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 1? 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,

0i1 palms, bananas, plantains and coconuts are perennial crops and are har-
vested throughout the year.

In Agroclimatic Regions II[ and IV che abundant rainfall allows the
growing season to be extended throughout the year, and planting can bhe scheduled
any time. However, excessive rainfall may 1imit 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 operationa! programs,
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TABLE 5.1. FESTIMATED REGIONAL CROP CALENDAR FOR SOLOMON ISLANDS

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

Region Crop J|FL ML AL MY O 9 Al s ol N D Comments
Region 1 Rice AT --4 --4 --4 000 000 Main crop irrigated,
and 11 --4 000 00t 11 11/ --4 --4 Secondary crop.
Corn - -Oq 000 004 00u 1A 177
1141/ /11
Sweet [N 114 77/ 714 004 ood 0od ood ood 0od 00d 00 Highest yields occur
Potato 000 between August and
, January,
Taro /14114114 114 00 0od ood ood ocd 0od 00od 00 Harvested start
00d 0040 00g 00( 6 to 8 mos, after
. planting and con-
tinue year-round.
Cassava IINTINTINTIA TIA 174 ///] Harvested anytime
000 00g oog 00d 00g 00d 00d 00d 00d 00N 00Q 00d after 8 mos. of
growing,
Regions Coconut 000 00d 004 ooq ood 00d 00d 00d 00q 00d NOC 00Q
[, 1L, III
and IV Banana and 000} 004 0od 00d 00d 0od 0od 00d 004 00gq 000 000
Plantain
0il1 Palm | 004 00q 00d 00d 00d 00d 00d 004 22d ood 00d 00
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C. Economic Activities

The economy of the Solcmon 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
2xport. Minor cash crop industries have been developed in recent years to pro-
vide a cash income for people living in the remcte inland bush areas, Tumeric
and long red and Tabasco chilies have been grown successfully. The export of
spice products to Australia, New 7ealand and Europe has improveda in the past ten
years,

The timber industry is based on the export of logs and sawn timber, The
Forestry Depuirtment 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 gxports has
increased during the past ten years, However, the forest and timber industry
has the potantial to make greater contributions to both national and rural
development,

The islands are not well endowed with minerals as 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 narket. Manufacturing activities are
limited to copra, cacao and fishing products for export, Small enterprises,
Tocated 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. Phrysical Environment

l. Location

The Tonga Islands are located in the south Pacific Ocean between 15°30'S
and 23°30'S latitude and 173° and 177°W 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,

Tornga i35 an independent constitutional monarchy bhased on the fusion of
traditional cniefs' authority with British parliamentary law. The map of the

islands is shown in Figure 6.1,

2. Geography and Topography

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 approximataly 16°S
latitude and 174°W longitude with two islands; Vava'u group, with five major
islands located between 18°-19°S latitude and 174°-175°W 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
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Figure 6.1, Location of Islands and Major Cities of Tonga.
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Niuafo'ou located at 15°35'S latitude and 177°38'W longitude is the northern
most island separate from the major group and Ata is the southernmost island,

located at 22°20'S latitude and 176°12'W longitude,

Tongatapu Group

Tongatapn 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 oa the island for export,

Vava'u Group

The total area of the group is 170 square km. The island of Vava'u is
the largest of the Vava'u group, The island reaches the height of 220 w,
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 hign

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 smal] 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 south-southwest of Tongatapu. There are two peaks.

The higher is an extinct volcano 350 m high,

3. Climate

The climate of Tonga is cooler than that of most tropical oceanic islands,
There are two main ceasons. From May until November is the dry season, when the
highest temperature rarely exceeds 27°C and the humidity is relatively lcu.
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 is the rainy season; the temperaturec are higher, up to 32°C and the
humidity {s also high., The average rainfall increases from south to north with
values between 1,80C 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. Total annual rainfall 1,700-2,000 mm.

Region Il - Strong Moderate Dry Season. Total annual rainfall
2,000-2,700 mm.
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Figure 6.2 shows the agroclimatic regions, the annual rainfal] 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 greup. 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 Il is located in the northern islands group., The total annual
~ainfall is 2 200 o 2,700 mm, In the VYava'u group the dry season lasts

For 4 months and i~ Niuatoputapu group the dry season lasts for 2 to 2 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 surface 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 cora) limestone,
the main parent material of this soil is volcanic ash which gives it a minera)
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 cach crops are coconuts and bananas. The production of these
crops for export has not increased in recent years. The main food crops are
yams, taro, cassava, sweet potatoes, plantains and vegetahles,

Agricalture is based on a bush fallowing system, a form of shifting
cultivation in which the fallow 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.  Fach taxpayer is entitled to an
allotment of 3.2 hectares of agricultural land, as well as a small 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,
However, there are more taxpayers than surveyed allotments and about half of the
total number of taxpayers do not hold allotments, Although it 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 is intensified by 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 cdause a greater problem for farmers than in the past.

Figure 5.3 shows the distribution of the ayricultural 1and use and major

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 CcoCco-
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-

lar shipping and growing competition from other 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 vegetahles
The food-crop pattern has changed with the increase in population density,
In areas 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 unti) 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 al} 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 te 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 harvested after a growing period of 12 to 15
months, Coconuts and Pdpayas are perennial crops and the fruits are harvested
year-round.  Breadfruit, alsn 4 perennial crop, has g Ma jor harvest period from
November to April. Severa) 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 hananas, 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.

Symptems 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 0il 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/Flowering, 000 Harvesting

Region Crop JI P ML AL ML 9| 3 A} St o N D Comment s
Region I, | Maize --4 --4 00q 000 11N 1/
IT and 11
Yams nib B IEEE WOV VUV VY ANV Y [ R R R Lrowing period is

between 8-10 mos,
Harvested 411 year-
round,

Cassava IIATIN I ==q =4 ~=d =] -ad -] -] /14 11/ The root tubers are
00d 000 000 000 00 00d 00q 00d 00d COQ 004 004 harvested upon neods
betwee~ 9 to 12 mos,
after planting.

Taro TINITA TR =< -4 -=4 == -4 -] ._] /14 ///] Taro is harvested
00g 00d ooq ood ood ood ood 0od 00d 0od 000 ooq between 6 to 8 m.s,
after planting,

Sweet TINTIN T == —aq —od aod = -] -] /// 1]/ Harvest starts 4 to
Potato 00d 0040 00Q 00d 004 000 00d 00Q 000 00 5 mos. after planting
Fineapple | --o4 --d -4 -4 __1 // I =-q ~=4 -=q -=4 == Unripe fruits are

004 00Q 00d 004 00g 00 000 harvested after
12 mos. of planting.

Banana and 000 00d 00d 0od ood ood ood 0od 00d 00d 000 00q Harvest takes place
Plantain 15 mos. after planting,

Coconut 000 00d 00g 0oa ood ood ood 0od ood 00d ood 00

Papaya 009 00Q 00g 00g 0od ond 0od 0od 00d 00d 0od 00d
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The country does not have sufficient timber of usable quality to fill all
construction needs, consequently lumber must he 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 heen assisted by UN agencies, Australia,
Japan and other financing projects to provide suitable, motorized, insulated sea
f1shing boats and cold storage facilities., In 1982, 176 tons of albacore tuna
were exported {Carter, 19447,

No important mineral resources are kiiown 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, 1In 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 aic.
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

l. 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 a v, stretching northwest to southeast for 885 km, The group lias
hetween 12°S and 20°5 latitude and I65°E and 170°¢ tongitude. The area of
Vanuatu proper is estimated at 1,500 square km, comprised of 12 major islands,
18 lesser islands, and between 30 and 4C 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 tne 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 o 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 atol) 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 m, The western half of the islands is mountainous, rising to
1,66 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
nunerous small rivers, ndavigable only by minor crdafts. The largest river is the
Yora, The forest hds openings of arable land on the centra) and codastal 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 km by 40,23 km, 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. Vﬁla is the port of entry and

ddministrative and commercial canter of the 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 Decemher 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 westein 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
Epi is a very fertile, well-watered island about 43,45 km long and 17.7 km
vide. [t is mountainous: the highest peak is 810 m, This island has some of

the finest plantations of the group,

Anatom (Areityum, Aneytioum, Aneytum)

Anatom, 56,33 km in circumference, is the most southerly of the group.
The mountains rise to 900 m. The vailey and the flat lands are fertile and all
forms of tropical and subtropical fruit and vegetables grow luxuriantly, The
climate is quite suitable for Furopeans; 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 rainfal)l
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. Fxtensive deposits of sulphur cover part of the
island; a French company at cne 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 ancient crater, Mota (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 small islands are: Aore and Malo, south of Lspirity Santo; Paana and
Lopevi located hetween Ambrym and Epi; the Shepherd Islands, Tongoa, Emae and

Mataso, south of Epi; and Aniwa and Futuna, east of Tanna.

3. Climate

Vanuatu cledr]y 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 28°C to 30°C; the average
minimum temperature ranges from 21°C to 23°C, The average year-round humidity
is about 83 percent,

The principal characteristic 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. 1In the winter or dry season from May to October, the
Southeast trade winds cause cooler sunny days., The average maximum temperatures
vary from 28°C in the North to 24°C in the South, and the average minimum tem-
peratures from 22°C in the North to 18°C in the South, DNuring 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 hurricine season.
The average maximum temperatures in the North vary around 30°C and in the south
287C. The averaye minimum temperatures during the surmer season in the Morth
are around 23°C and in the South 22°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 [: Strong dry season. Total annual rainfall
1,500-2,200 mm,

Region Il: Moderate dry season,
ITa: Total annual rainfall 2,200-2,900 mm.
[Ib: Total annual rainfall 2,900-3,500 mm,
Region I11: 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 isiands, The dry season lasts
for seven months, from May until October. The rainy season starts in November

and ends in May, 0
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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 Ila and IIb differ in the total amount of rainfall during the
year more than in the rainfalj distribution.

Region [11 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 [slands generally have fertile soil developed from
volcanic material, Most of the islands haye sediments in which limestone is
prominent. The soil in Erromango 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 tands 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 (Calophy1lum neo-ebudicum) and species of the valuable san-

dalwood., Savannah grasslands are found in some porous coral terraces,

B. Agricultural Practices

1. Overview

Agriculture js 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 Eurcpean 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
fooa 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 Sanvo,
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 conditions 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,

b. Cacao

Cacao is the second most important cash crop in Vanuatu. It was introduced
in the Vanuati archipelago 4t the beginn’ag of the century. By 1910 there were
already 240 hectares on 30 plantations. Since World War [T, cacao production
has fallen to only about 15 percent of pre-war levels. The rising production
costs forced the planters to abandon production,

Cooler temperatures 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 Agricultura} 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 vegetables such ds tomatoes, cahbage and

watercress,

4, Crop Calendar

Root and tuber crops have two planting seasons in Agroclimatic Regions [,
[la and IIb, 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 IIb maize is sown from November until
January and in Agroclimatic Region III the sowing starts during February-March
to davoid 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 heen 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 been made to improve the quality
of the copra for export,

The forests on the islands of Erromango, Anatom and Efate have timber of
commercial value. Exploitation is partially impeded hy lack of transportation
facilities, and only minor quantities have been exploited for domestic and
external use, DNeep-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 Company 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 al though doméstic demand is
ahsorbing 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 JI P ML AL M| 9 of AL s| of NI D Comments
Region I, | Yams -ed - IINTINTIA IR 1]
[la & ITIb 000 000 00d o00d 0od 0od 00d 00d
Taro HINTIN 1T /1N 71/ The harvest starts
00g 004 00g 00 004 004 00d 000 VO 00O 00q 00G 6 mos after plant-
and continues
year-round,
Cassava TIRTIATIA 1A /1 /1A The root tuber is
(Manioc) [ 004 00d 00d 000 00d 00d 0od 00d 00d 00d 000 00Q ready for harvest
after 9 mos,
Sweet ITINTIATIA 1Y /1) /// Harvesting take 5
Potato 00d 00g o0od oo0g OOd 00d 0og ood ooq 000 00d 00q place from 3 to 5
mos. after planting,
Maize /// --4 00Q 004 000 /1N 1/
(Corn)
Commercial product-
Region 1, | Coconut 00g 004 009 0ug ooqd ood ood ood 0od ood 0od 00d ion is concentrated
Ila, IIb &| Banana or | 00q 00d 0od 0od ood ood ood 0o 004 00d 00q 00d in Northern and
ITI Plantain Central islands,
Region III | Maize [1A 114 --4 --4 004 GOQ
Taro IINTINTIR IR LI TIN 1IN 1IA 114 1A 114 171
00g 000 ooq ood 0oa ood 00d ood ood 00d 0od 00Q
Cassava LTINTINTINTIN IR LIRTIR TIR 11R 118 114 1)
00Q 00d ood oog ood ood oocq ood 0od vod 00d 00Q
Sweet TINIIRTIRTIN LI TIR IR TIR 1IA 1A 110 11/
Potato 000 0cq 00@ ood ooq ood ood 00d ood 00d 00d 00d
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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 Pacific Basin, Tremors and earthquakes are
frequent, especially along the Tonga tranch 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 a4 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, Naury suffers from a state of perpetual
drought and has to impart water,

Pacific Islands are vulnerable to natural disasters that affect not only
the ecological balance but also the economic well-being, Lives lost, ﬁomes and
buildings destroyed, crop loss, infrastructure damage, and environmental effects
produce an unfavorable impact on the economy, A detaijled 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 talls are serjous destruction of
crops and trees. [f heavy and prolonged they may bring about the temporary
evacuation of the area, as has happened several times in the last 100 years.
Lxcept where falls are very heavy and frequent, the recent ash is often of high
fertility and enriches the soil of surrounding areas.

Yanuatu 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 Georgia 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 hignh 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 Solomon Islands 1ie in a seismically active reginn, 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 155-190 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 out of four might reach hurricane proportions. However, in
some islands as many as three hurricanes have occurred in a single year and
sometimes there have been three years without a hurricane,

For Vanuatu, 2? hurricanes were reported during a 26 year period from
1867-1893 and 75 notable tropical storms and hurricanes between 1800-1981],
(Franco et al, 1982).

There is a period ¢f eight years for which there are no records and other years
with incomplete information. The Solomon Islands recorded 14 notable storins
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 trave] east, southeast, or south whan 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 heen a problem throughout some of the Pacific Islands such
as Nauru and the Southern Gilberts, the Phoenix Isiands and Christmas Island in
Kiribati, Drought may, however, occur anywhere, even in those regions which
experience high annua) 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
1954 which affacted Sugar and copra export dand in 1964 d severe drought caused

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
O0ccurrences 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, OQther drought spells occurred in
1965, 1967 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, are subject to frequent
drought conditions, Losses in copra production due to drought were reported in
Tarawa during 1934, 1954-55, 1963 angd 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 o<eanijc disaster events are storm surges resulting
from very low air pressure and wind closely linked to the occurrence of hurrs
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 provide 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 agroclimatic backyground report of each island group included a
description of: 1) the physical environment including yeoygraphy, topography,
climate, soil and natural vegetation, 2) agricultural practices information for
commercial crops and food crops and crop calendar, 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. Analyses of potential evapotranspiration estimates and a drought index
were also made for selected stations,

The climatic requirements of commercial and food crops 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 {sland groups.
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TABLE A.1.

MEAN MONTHLY AND ANNUAL AIR TEMPERATURE IN °C FOR

SELECTED STATIONS IN SOUTH PACIFIC ISLAND GROUPS

Agroclimatic
Region

Region I
Labasa Mill

Lambasa Airport
Lautoka Mill
Lautoka Point
Nacocolevu

Nadi

Penang Mill
Rarawai Mill
Undo Point
Yasawa-I-Rara

Region 1la
Matuku

Ono~I-Lau

Region Ilb

Nambouwalu
Nandarivatu
Vunisea

Repion I1]

Lauthala Bay
Nausori Mill
Rotuma

Suva

Region 1

Arorae
Beru

Repgion 11

Tarawa

Region 1

Honlara

Region II
Tulaghi

Region 1
Nukualofa

Region 17

Vava'u

Region 1
Vila

Region 1la

Aneityum

Region IIb

Luganville

Region [11

Port Patteson

Jan

26.8
26.8
27,2
26.8
26.4
27.0
27.6
27.2
26,6
27,0

20,9
21.6

2n, 4
26.3
26,2

26.8

28,2

26,8

21,7

25.6

26,4

26,4

26.0

25.5

26,0

Feb

26,8
26,7
27.3
26.8
26,5
26,9
27,6
27.1

26.9

28,1

26,7

27.7

26.8

26,6

25.8

Mar

26,6
26,6
26.9
26.7
26,2
26,7
27.3
26.9
26.6
26.6

[ SR )
—_
o~

>

N PO NS
N~

e s s e
[o o R

28,1

26.5

27.7

24,1

26.0

Apr

26,2
26,3
26.6
25.9
25.6
26.2
26,8
26.5
26.3
26.4

28,2

26.6

27.7

23,2

25.3

20,13
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May

25.3
25,1
2L.6
25.1
24,0
25.0
25,9
25.3
26,0
26,0

25.1
24,3

[N N
v
o

NN TS
BN
o e e
N~

28,4

26.7

24,2

24,0

24,1

20,1

Jun

24,4
24.3
24,6
24,0
22,9
24,0
24.9
24,1
25.3
25.3

28,3

26,4

27,1

21,3

23,2

23,2

22.5

23.6

ra
w
x

23.8
23,4
24,0
23.3
22,1
23.3
24.2
23.3
24,6
24,06

26.2

27,1

21.4

23.1

22.4

21,5

22.8

Aug

24,2
23.9
24,3
23.7
22.5
23.8
24,6
23.8
24,7
24,8

28.3

26,3

21,7

23,7

28,4

26,5

27.2

22,4

24.3

23,2

22.0

23.8

25.5

25.4
25.4
25,7
25,0
24,1
25,2
25.9
25.5
25.6
25.7

28,6

26,7

27.4

23,8

25.1

23.9

23.1

24,1

25,7

Nov

25.9
25,7
26,2
25.6
25,1
25.9
26,6
26.1
25,9
26,1

25,7
24,5

26.8

27.8

24,8

25.9

26,4
26,3
26.8
26,3
25,9
26,6
27.1
26.6
26.6
26.7

26.4
25.

w

26.3
21,1
26,1

25.
25.

N o

26,

29,
28.

&~ 0o

28,3

26,7

28,1

25.4

26,0

25.9

25.4

26,60

24.8

27,0
25.1

28,3

26,6

27.5

23.4

25.0

24,5

26,1
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APPENDIX B

EPISODIC EVENTS DATA

Table B.1, Fiji Disaster Experience Profile,

Table B.2, Gilbert Islands (Kiribati) Disaster Fxperience profile,
Table B,3, Solomon Disaster Experience Profile,

Table B.4, Tonga Nisaster Experience Profile,

Table B.5, Vanuatu Disaster Experience Profile,
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TABLE B.1
FIJI DISASTER EXPERIENCE PROFILEl/

1. TERRESTIAL EVENTS
a. FEarthquakes

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, During the month of July and August 30 minor earthquakes were recorded in
the Suva region,

1979, In Novesber, two earthquakes registered 6,9 R, and 6.3 R., respectively,

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 erratic, passed through southern Lau.

1948, December 7-8 moderate to severe storm; SSE east of Vanua Levu and through
the 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 lLevu and Viti
Levu, 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.

1855, 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/

B Information quoted from: Franco, et al (1982),
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1958,
1958,
1958,
1959,
1964,
1964,
1964,
1965,
1966,
1967,
970,
1970,

1970,

1972,
1973,
1973,
1973,
1974,
1975,
1975,
1977,
1978,
1978,
1978,

1978,

1979,

January 7 moderate to severe cyclone: southward through Lau Group,

April 9 minor storm: moved southeast over Yasawas,

December 2-3 severe storm: southeastward over central Viti Levu; center
passed over Ono-I-Lau,

December 30 moderate cyclone: south of Fiji; coastal villages destroyed
by flooding,

November 22-23 minor cyclone: moved southeastward east of Vanua Levu and
through northern Lat .

December 6-7 minor storm: east of Vanua Levn and through northern Lau,
trees uprooted at Katafaga Island,

December 21 moderate to severe storm,

February hurricane: wind damage not severe, widespread floods.

December 4-5 minor storm: southeastward over Viti Levuy and Southern Lau,
April 9-10 severe cyclone: southward over Vanua Levu and just east of

Viti Levu, passing near Ono-T-Lau; considerable damage to houses and food
crops.,

January 11 minor cyclone: gale force winds in Kia, Vanua Levu, and
Taveuni,

October 29-30 cyclone "Nora": gale force winds in Yasawa and

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

October 23-29 hur:icane "Bebe": severe hurricane affected wmuch of the
country; 18 dead, 120,000 homeless, 6,500 houses destroyed,

February 2 "Henrietta": moderate storm in extreme eastern tip of

Vanua Levu (Undu Point), Thikombia Island, and Nggele Levu,

April 3-4 cyclone "Juliette": affected Savusavu and Bua; 160,000
homeless; later passed over Ha'apai, Tonga.

December 12 cyclone "Lottie": affected Kadavu and *au Group;

74 deaths, 1373 houses destroyed, 15,000 people rationed.

April 26 "Tina": minor gale force winds in extreme eastern tip of

Vanua Levu, Taveuni, Thikombia Island, Naitaumba (Northern Lau),

January 30-February 2 cyclone "val": affected the Lau Grovp; 75% of the
houses destroyed, 23,000 mass fed for 6 months,

April 5-6 "Betty": moderate hurricane in western Kadavu, Ono Island,
Vatulele, and Ono-I-Lau; extensive damage in some Kadavu areas,

December 25-26 "Anne": moderate hurricane affecting Naitaumba,

Vanua Mbalavu, Munia Katafanga, and Thikombia-i-Lau,

January 4-5 "Bob": moderate hurricane in strip of Viti Levu west of line
fron about Tavua to Lomeiwai, Yasawa, and Mamanutha Groups; one death

in Sambetc, near Nadi, where several houses were demolished,

February 4 storm: several islands affected.

February 18-19 minor cyclone "Ernje": storm force winds in Thikombia
Island, northeastern tip of Vanua Levu (Undu Point),

December 29-30 moderate cyclone "Fay": 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.

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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1980,

1980,

1980,

1981,

1982,
1983,

1926,
1957,
1968,

1983,

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,

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.

March 24 moderate storm Tia: moderate storm, western Vanua Levu,
southern Koro, VYathata, 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 Ngganea; 4
deaths, extensive damage to dwellings in Nggamea and Vanua Mbalavu,
504 homes and 31 school units destroyed,

April 3-5 cyclone "Wally": affected Vanua Levi and Yiti Levu; severe
gale, coastal and inland area between Korolevu and Navua, Vatulele,
Kadavu, Mbeyga; severe flooding in Navua, Rewa, and ~ther coastal rivers
of Viti Levu from Korolevu eastwards; 18 deat.as, 10,000 homeless,

269 homes and 31 school units destroyed; heavy damage from flooding and
landslides, extensive damage to Queen's Road between Korovisilou and
Suva; severe loss of livestock, pasture, and crops especially in
Navua.

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

January "Hettie" caused three deaths.

Two hurricanes, "Oscar", early in March, and Seru-later in the

same month, devastated large sugar-growing areas, (CARTER, 1984)

Drought

Drought affected crops.

Drought affected sugar and copra exports,

There was a fall cof 17.2% in the production of sugarcane that was
affected by severe drouaht,

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 PROFILEA/

1. ATMOSPHERIC EVENTS
a. Hurricanes, Tropical Storms and Cyclones.
1914, Hurricaene: Kiribati and Tuvalu; damage to cultivation, suspension of
copra industry for two years; 10ss 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 PROFILEl/

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.

1977,  Serious earthguake occurred on July 7, with epicenter at 160 km south-
west of Bouyainville, 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 scale.

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 other earthquakes reached 6.8
“vi the Richter scale,

2. ATMOSPHERIC FVENTS
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
Cristubal, 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": 1loss of lives, serious damage to buildings and agricultural
areas,

1972, Hurricane "Ida": destroyed valuable timber,

1/

_.Information quoted from: Franco, et al (1982),
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1979,
1982,

February 2G "Kerry": affected eastern Solomon Islands; 6,000 home-
less, 2 dead, and several seriously injured,

April 2-4 cyclone "Bernie": winds of 35-40 knots and qusts of 70-75
knots; heavy surf and falling trees caused much damage,

3. OCEANIC EVENTS

a.

1926,

1931,
1939,
1960,

Tsunamis

A tsunami in Guadalcanal inundated the port and island with waves of
2-6 m high,

A tsunami destroyed 18 villages and killed 50 persons,

Heavy damage and 12 people were killed by a tsunami in April,

An earthquake in Chile caused 4 tsunami which damaged the wharf,
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1.

19

TABLE B.4.

TONGA DISASTER EXPERIENCE PROFILEM

TERRESTIAL EVENTS

a. Volcanic Eruptions

25, Volcanic eruption on Falcon Island,

A volcano of Niuafo'ou erupted, destroying a town and one third of the

Niuafo'ou volcano erupted again causing considerable damage to crops

and the total population of 2,500 persons was evacuated to Nuku'Alofa.

1930,

cultivated land on the island.
1939, Volcanic eruption on Fonua Lei.
1946,
1974, Fonua lei volcano erupted,

19

e Rarthquakes

77, An earthquake of 7.2 R. or 7.4 R, on June 23 caused extensive structu-
ral 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,
1981,
affected Samoa.
1982,
2. ATMOSPHERIC EVENTS

Earth tremor that reached 6.3 R,
An earthquake of 7.5 R. had its epicenter in the Tonga Islands and also

An earthquake that reached 6.5 in the Richter scale,

a. Hurricanes, Tropical Storms and Cyclones

January 30 southeastward between Niuafo'ou and Keppel Island.

SSE between Ha'apai and Tongatapu ; damage to

57, December 7-8 moderate cyclone: southeastward to south of Vava'u,

eastward north of Niaufoou on night of January

March 19-20 moderate storm: southwestward to north of Vava'u.
March 16-17 severe cyclune: 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.

Information quoted from:

March 11 moderate hurricane: WSW about 100 km southeast of Keppel

severe in Nomuka,

November 24-25 moderate: almost stationary west of Tongatapu for

1944,
1949, December 20 moderate:
coconuts,
19
1960, January 17-18 storm:
17 and near Keppel Island next morning.
1960,
1961,
1963,
Island,
1963, March 12-14 moderate:
1964,
24 hours, then hetween Ha'apai and Tongatapu,
1972, October storm "Bebe",
1/

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 in Ha'apai,

1978, February 21 storm "Ernie": substantial damage in Ha'apai. Fjve
injured, 10,000 affected, and damage estimated at US$).Im (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,

fo g

. Climatic Extremes
rought,

1926, Nrought depressed trade and affected the copra output adversely,

1930, Severe drought af fected adversely the copra production,

1951-52, Drought adversely affected crops.

1953,  Drought had adverse effects on crop production, causing a fall in copra
exports and considerable damage to bananas,

1977, Effects of a4 severe drought were aggravated by the hurricane "Anne",

1978, Prolonged drouyht affected crop production; the damage was aggravated
by the hurricane “frpig",

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 PROFILEl/

1. TERRESTIAL EVENTS

d.

1952,

1960,

1961,

1964,

1965,

1966,

Volcanic Eruptions

On March a volcano erupted throwing out ash and cinders in Southeast
Abrym. A1l 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.

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 centrg) Vanuatu, erupted
with a vivlent explosion after being dormant since 1939,

The existing volcanoes in the group, Ambrym dand Yasour were continously
active preducing frequent volcanian type ash showers but without major
eruptions,

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.

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, erupied briefly but only ash was
emitted,

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.,

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,

Activity increased on Mt. Sharat on Lakon and Suretematai on Vanua lava
in the Banks group. The ldtter volcano characteri.ed 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 sum-
mit caldera on Aoba were incorrect; this proved to be a small solfatara,

1/

“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,

1968,

1969,

1970,

1971,

1972,

b-
1901,

1966,

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 Loupevi 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.

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.

Volcanic activity was recorded on five 1slands, [n the Banks Isiands
mild solfataric activity continued on Yanua Lava, and Mt, Gharat on {akon
erupted a little ash, although more commonly anly a small gas cloud was
emitted, The two volcdanoes, Marum end Benbow on Ambrym were mildly
active throughout the period with periodic increases resulting in ejec-
tion 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 guarter of 1969,

There was generally only a little eruption of gas on Mt, Lopevi, 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.

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,

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 sub-
marine center, of the east coast cf 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,

Earthquakes
A big earthquake was reported in Santo,

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 Vanuaty

1971,

1972,

1979,

1980,

1981,

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).

There was a general decrease in the number of earthquakes compared with
the previous year. For 197] 164 earthquakes were reported, Six of them
were recorded as 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.

l.arge 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,

An edarthguake edsuring 6,7 on the Richter scdle was reported in Vanuat
on May lst, 1979,

On July 17 a major earthquake occurred on Vanuaty measuring 8.0 on the
Richter scale.

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 che time,

2. ATMOSPHERIC EVENTS

a. Hurricanes, Tropical Storms and Cyclones

1940,

1940,

1947,
1948,

1951,
1952,
1954,
1956,
1957,
1959,

1960,

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

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

Vanuatu,

January 13 storm: Tanna.

January 24-25 moderate hurricane: Santo, Malakufa, Abrym, and Epi;
most damage to housing and plantations in Santo and Malakula.
December 24-25 severe hurricane: northern Vanuatu, Epi, Ambrym,
Malekoula; almost all villages and plantations destroyed in Epi and
Abrym; 100 dead, 9 small ships sunk,

November 30 storm and hurricane affected Efate and southern islands,
February 15 storm caused some damage from Banks to Malekoula.

Marcii 2 storm and hurricane affected Efate and southern island;
damage to plantations,

March 29 storm: Aneityum,

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,

January 1 storm and hurricane from Malekoula to Efate, where damage
caused by "Amanda" was aggravated,
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1963,

1963,
1964,
1968,
1968,

1971,
1972,

1972,

1972,
1972,

1974,
1975,
1976,

1977,
1977,
1977,

1978,

1979,

1981,

1981,

November 18 storm and hurricane from Pentecost to Tanna; one

village destroyed on Tongoa, Furari mining installations damaged in
Efate,

November 18-19 moderate storm,

March 31 storm "Henrietta": Banks and Santo,

March 4 "Florence": affected southern islands.

December 14 storm "Becky" affected area from Santo to Efate; severe
damage on Malekoula and Shepherd Islands.

December 9 storm "Ursula": affected central islands; floods on Efate,

January 18 "Carlotta": Santo to Aneityum; severe damage on Efate and
Aneityum,

February 2 "Wendy": Banks to Malekula; severe damage on Banks and Santo,
4 dead,

March 20 storm “Yolanda": Aneityum,

April 17 "Gail": Ffate, Shephert; severe damaye on Tongoa, Fmae,
Mataso, Makurs, and North Ffate,

Febraary 3 "Dam”: contr4l gna boutnera Vanuati; heavy raing, damage

on Efate and Tanna,

March 5 storm "Alison": from Malekoula to Efate; severe damage on
Tongoa and Emae,

January 14 storm "David": from Banks to Efate; heavy rains, some damage
by wind on Malekoula.

January 15 "Marion": southern islands; subsistence crops destroyed,
January 20 "June": Efate, severe damage to housing and agriculture on
Mataso, estimated winds of 30 knots in east Efate,

March 16 storm “MNorman": southern islands, winds of 45 knots, damage

Lo subsistence agriculture on Aneityum, Futuna, Aniwa; landslides on
Tanna and Futuna.

January 5 storm "Bob": southern Islands; tidal storm wave caused damage
from Emae to Tanna; winds at Aneityum of 60 knots,
January 6 "Gordon": Torres, Banks, Santo, Malekoula; most of the

houses destroyed in Loh (Torres); yardens destroyed on Banks lsland;
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,

February 11 cyclone "Cliff": extensive damage: houses destroyed on
Pentecost, Malekoula, Ambrym, Fpi, 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.

December 12, “Gyan": northern groups and west Santo; heavy rains,
floods on north Malekoula; estimated housing damage V100 million
(US$1m).

3. OTHER DISASTER EXPERIENCE

1960,

Copra production of many Vanuatu coconut plantations was at various times
seriously affected by the insect Axiagastus campbelli which damaged

the coconut flower and caused nuts to fall prematurely with the result
that size of the nuts and copra content were reduced,

152



1964, Some coconut plantations on Efate suffered considerable damage of a tem-
porary nature fro. the cochineal insect Aspidiotus destructor which forms
a scale on the underside of coconut leaves and, by c«tracting the sap,
can gradually kill the palm unless is controlled., A predator (Lindorus

lophantes) was found shortly after the cochineal attack began, The
introduction of the predator proved to be very successful in controlling

Asgidiotus.

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