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Abstract

Within the project “Generation and a(iaptation of improve(i agricuiturai technologies to
mitigate climate change—impose(i risks to food production within vulnerable smallholder farming
communities in Western Pacific countries”, the work at hand examined the agricuiturai conditions
at three target-communities in Vanuatu, with speciai focus on water-related proi)iems under
consideration of new risks attributed to climate cirange. During a stay in Vanuatu over several
months, existing proi)iems have been assessed on site and primary and secon(iary data on
meteorology, iiy(iroiogy, pe(ioiogy, geoiogy, topography, agriculture, water- and land use has been
collected in order to define the agricuiturai conditions and the relation of the reporteci proi:)iems to
climate ciiange. Furthermore, informal interviews were conducted with the farmers to compiete
the picture.

The gatilereci data has then been processeci to give a comprehensive picture of the conditions
and water-related proi:)iems at the stuciy sites, and Vanuatu in generai. The material is presenteci
in the form of maps, soil descriptions, ciescriptions of the agricuiturai system, descriptions of areas
prone to water deficit respectiveiy ﬂoociing / water iogging, meteoroiogicai speciiications, but it also
includes information on Vanuatu’s historical agricuiturai systems and existing poiicies concerning
climate cilange and water.

Based on these fin(iings, suitable strategies, technoiogies and interventions that can increase

the resilience of Vanuatu’s small-scale farmers are proposeci.
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Zusammenfassung

Mit der Vorliegenden Arbeit wurden im Rahmen des Projekts “Generation and adaptation of
improved agricultural technologies to mitigate climate change—imposed risks to food procluction
within vulnerable smallholder farming communities in  Western Pacific countries* die
landwirtschaftlichen Bedingungen in drei Untersuchungsgebieten in Vanuatu erhoben. Spezieﬂer
Fokus 1ag hierbei auf Probleme in Relation zu Wasser, unter BerUcksichtigung neuer, dem
Klimawandel zugeschriebener Risiken. Wihrend eines mehrmonatigen Aufenthalts in Vanuatu
wurden die Probleme vor Ort untersucht, und Primér- und Sekundérdaten bez[]glich Meteorologie,
Hydrologie, Pedologie, Geologie, Topographie, Landwirtschaft, Wasser- und Landnutzung wurden
gesammelt um die landwirtschaftlichen Bedingungen zu  definieren und in Bezug zZum
Klimawandel zu setzen. Auerdem wurden informelle Interviews mit den Bauern gef[]hrt um das
Bild abzurunden.

Die Weiterverarbeitung der gewonnenen Daten erfolgte mit dem Ziel, ein umfassendes Bild der
Bedingungen und wasser]oezogenen Probleme in den Untersuchungsgebieten, aber auch in
Vanuatu im Augemeimen7 zu schaffen. Die so erhaltenen Materialien werden in Form von
Ubersichtskarten, Bodenbesehreibungen, Beschrei]oungen des landwirtschaftlichen Systems,
Beschreibung von Gebieten mit Tendenz zu Trockenheit beziehungsweise Staun‘cisse/ Uberﬂutung,
und meteorologischen Kenndaten clargestellt, sie  beinhalten dariiber hinaus aber auch
[nformationen zu Vanuatus traditioneller Landwirtschaft und existierender Strategien ]oezl']glich
Klimawandel und Wasser.

Basierend auf diese Ergebnisse werden abschlieRend Strategien, Technologien und

Interventionen vorgeschlagen, die die Resilienz von Vanuatus Kleinbauern erhohen koénnen.
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1 Introduction

1.1 Motivation

In the course of the EU- funded project “Generation and adaptation of improve(i agricuiturai
tec}inoiogies to mitigate climate Change—imposeci risks to food production within vulnerable
smallholder farining communities in Western Pacific countries “ an in—clepth assessment of water
related pro]oiems with regarci to farming in Vanuatu had to be carried out. The overall oi)jective
of this project is to mitigate climate change associated risks to food security and livelihoods for
vulnerable smallholder farming communities, with speciai focus on improving the food production
capacity of smallholder farming areas vulnerable to suffer from climate change induced

piienornena.

The project focuses on three climate change— induced scenarios:

- soil moisture deficit (ciry conciitions)
- excessive soil moisture (Wet conciitions)

- worsening soil saiinity conditions

In Vanuatu, three sites were chosen earlier in this project to stu(iy these scenarios, the
respective communities are Malafau and Siviri on Efate isianci, and Middle Bush on Tanna island.
Accorciing to Rapici Assessments and Focus Group Discussions that had been carried out prior to
this Wori{, involving stakeholders from these communities, farmers experience the foiiowing

proi)lems there:

- Malafau: excess soil moisture (stress) and water iogging on cropping piots
- Siviri: soil moisture deficit (stress), and other soil water constraints
- Middle Bush: seasonal excessive soil moisture and water iogging (stress) as well as soil

moisture deficit (iuring the peai{ (iry season.

During a stay in Vanuatu over several niontiis, these probierns had been assessed on site and the

hy(iroiogicai and agricuiturai conditions on those three sites had been examined.
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1.2 Research Goal & Objectives

Research Coal:

The research goal is to specify how farmers are suffering from water related pro]olems in an
agricultural context, and to identify and define the parameters that lead to these issues and relate
them to climate change. F inaﬂy, strategies and techniques for dealing with these pro]olems are to

be suggested.

Objectives:

-To stucly evidences for, and potential risks related to climate change in Vanuatu.

- To assess the environmental conditions with respect to water, soil, land use at the selected
study sites

-To map land use, soil types, water sources (used and potential ones) at the sites, including
locations vulnerable to draught, ﬂooding and water 1ogging.

- To establish a database on soil and water

- develop recommendations that address known problems which farmers are experiencing

with regard to the specific scenarios.

2 Research Goal & O]ajectives
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2 Background

2.1 Geographical Location of Vanuatu

Vanuatu is a country in Melanesia, located around 168° east and 16° south (Picture 1) The
archipelago consists of around 80 islands that stretch out over 1200 km primarily from north to

south in an approximate Y- shape.

Picture I: Bat/zymetric and topograpéic map of New Caledonia and Vanuatu, Oceania (Caba,

2009) Note that there is an on-going c{jspute between New Chledonia and Vanuatu concerning

Matthew island and Hunter island.

Ceographical Location of Vanuatu 5)



2.2 Study Sites

Of the three study sites two (Siviri and Malafau) are located on Efate island, which is a

central island on which also the capital Port Vila is situated. The third site is located on central

Tanna, an island about 200 km south of Efate (Picture 29):

Vanuatu

« Port Vila ‘ 4\\

Picture 2+ Location of the Stua/y sites within Vanuatu

0 Stucly Sites



221  Siviri

Siviri is a small viHage in the north of Efate, at Undine Bay (Picture 2). This site as it is
defined in the project consists of four viHages: Siviri, Paunagisu, Emau and Sama.

The Viuage Siviri itself is situated on the first limestone terrace of the island (around 5 m

above sea leve], at 17°31’S/168°19’E)

222  Malafau

Malafau is a small and new viHage in northern Efate (Picture 2), the area became popula,ted
around 2009 after an exodus of a part of the viHagers of Siviri due to a church conflict. The study

site itself comprises of four ViHages: Moso (on Moso island), Malafau, Tanoliu and Meten.

223 Middle Bush

Middle Bush is a rather clensely populatecl region in the centre of the island of Tanna (Picture
2) Located more than 210 km south of the other two study sites, it is situated on a high plane at

more than 300 m above sea level and comprises the following viﬂages, located around

19:275/169°18°E:

Lamal{, Launapheuw, Loulipang, Launamilo, Loupikas, Lauaru, Lenemita, Lowehau,
Louwaula, Loujiaru, Euel, Lenaken, Lamal{, Jupik (Epuk), Lounaukiam Apen, Loumiai, Laul,
Lounauru, Launalou, Lounauru, Latuan, Lowiaru7 Himanga, Lamnatu, Lamneau, Lounuwao

Tuan., Kaunameﬂdn, Lanupu Pin Nipin (speﬂing of the viuages in RED not sure).

Study Sites 7



2.3 Climate Ciiange and its iii{eiy Manifestations in Melanesia

(Climate Ciiange can have as many effects as reasons, and as stated i:)y BARNETT (2001), the

prediction of its effects is characterized ioy iiigil uncertainties. Apart from the preciiction of the
overall ciiange of the world’s ciirnate, its local characteristics are iiigiiiy ciisputeci. In the south-

west, Paciiic, the anticipateci effects of climate ciiange include:

«  Increased temperature

«  Increased atmospheric CO,

«  Insufficient soil moisture / precipitation
«  Excess moisture / precipitation

« Sea level rise

«  Increased cycione / storm intensity and irequency

In Vanuatu, the main issues of climate ciiange are ENSO—(Ei Niﬁo/ Southern Osciiiation)
related probiems with insufficient precipitation in years with intensified El Nifo- piiases and
excess moisture in wet years with intensified La Nifia piiases respectively. Aiso, the intensity of
cyciones is reporte(i to have increased and sea level rise may also cause proioierns on some isiancis,

a,itiiougii Vanuatu rnainiy consists of elevated islands.

ENSO is a piienornenon associated with El Nifio and La Niﬁa, two terms that describe natural
piiases of unusuaiiy iligil water temperatures (Ei Niﬁo) or unusuaiiy low water temperatures (La
Niﬁa) that occasionaiiy occur aiong the Pacific coast of Middle- and South America (Figure i,
Figure 2)

These temperature distributions are iniiuencing Winci, pressure, and rainfall patterns. During
El Nifo conciitions7 the balance point of rainfall over the paciiic moves east, ciuring La Nifa the
western Pacific receives more rainfall than usual. Typicaiiy, Jto T years lie between two El Nifio /
La Nifia- Events, and tiiey last for about a year. “Southern Oscillation” refers to local differences

in sea level pressure that occur between the Eastern and western tropicai Pacific due to El Nifio /

La Nifia (iRI Home Overview of the ENSO Systern,” nci)

8 Climate Ciiange and its iikeiy Manifestations in Melanesia



E’gure 1 Surface water temperature deviation fom average a/urjng a typica/ £l NJﬁo—péase

/picture obtained trom the International Research Institute for Climate and Society / ‘IR[ Home
Overview of the ENSO System, " n.d / /

Egure 2- - Surface water temperature deviation from average a/un'ng a typjca/ La Mﬁa—p ase

ﬂm’ctm‘e obtained trom the International Research Institute for Climate and Society / ‘IRI Home
Overview of the ENSO System, " n.d / /

PCCSP Climate Futures is a free web-based tool that provides access to climate change

projections for 14 pacific countries and East Timor, including Vanuatu (Whetton P, Hennessy K,

Clarke J, McInnes K, 2012). These projections are based on global climate models. Out of 24
models published in the [PCC 4th Assessment Report: Climate Change 2007, 18 have been judged
l:)y the authors to be reliable in this region. On the PCCSP Climate Futures- We]opage
(http;[ Zwww.pacificclimatefutures.net), the projections for each of these countries are provided. It
allows users to explore the likelihood of future changes in temperature, rainfall, wind, sunshine,

humidity and evaporation based on 20—year time periods around 2030, 2055 and 2090 for three

Climate Change and its likely Manifestations in Melanesia 9
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different underlying greenhouse gas emission scenarios (low (Bl), medium (AlB) and high (A2))
These scenarios are three representative scenarios out of the future greenhouse gas emission
scenarios described in the “IPCC Special Report on Emissions Scenarios” (IPCC, 2000).

The average over the 18 model—outputs on temperature and rainfall can be formed, and for
Vanuatu the projections can be seen in Figure 3. Over the next 80 years, clepending on the
emission scenario, the mean temperature 1is expected to rise between 1.4 and 2.6 degrees.
Regarding rainfall, the models give a more heterogeneous picture: for the low-emission and the
moderate-emission scenario, the rainfall is projected to go down or up ]oy 0.5 % respectively. Only
for the high—emission scenario the amount of rainfall is expectecl to increase considerably, namely
by over D %. Given the fact that the scenarios Bl and A1B lead to significant temperature
increases, but the precipitation might even go down, water stress for plants might increase over
the next decades. Also excess water can become a more serious issue, but the detailed effects of
the changes will depend on the temporal distribution of the temperature and precipitation changes

(hence the forming of the seasons).

E’gure J- Vanuatu mean projectec/ temperature and raintall cﬁanges /afz:‘er PCCSP Climate
F utures//J ttp:/ / WWW. paciﬁ:cc/ima te[utures.ﬂet/ /

10 Climate Change and its likely Manifestations in Melanesia
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24  Traditional Agriculture in Vanuatu

The fouowing section is based on the probabiy most comprehensive book about agriculture in

Vanuatu, BARRY WEIGHTMAN's “Agriculture in Vanuatu” (Weightman, 1989)

241 History

Vanuatu became popuiateci about four to five thousand years ago, and men settled about two
thousand years later. The first European who reportecﬂy set foot on the archipeiago was the
Portuguese de Quiros, who landed in Big Bay on the island he named Espiritu Santo, beiieving
that he had discovered the big southern continent Terra Australis Incognita. But it was not until
1825, when sandalwood was discovered on Erromango, that foreigners became interested in
Vanuatu. Hence, written history, apart from a few observations while saiiing l:)y (by James Cook
and Bougainviue in the 60's and 70’s of the 18" century, and a few other navigators later on),
i)egins oniy i)y that time, when white settlers and missionaries wrote down their impressions.

By that time, the popuiation of Vanuatu rnigiit have been around a quarter of a million (just
like toclay), but also numbers as high as one million have been pubiishe(i (cornpare Simeéoni &
Le]oot, 2012) The avaiia]oiiity of vast gooci agricuiturai land perrnitteci faiiowing cycies with oniy
one season of agricuiturai use and many years of iaiiowing, a system that provicie(i great stabiiity
and resistance to piant pests, diseases and soil erosion. Even though this form of agricuiture might
seem extensive, without any tiHage and little irrigation ]oeing pratctice(i7 iarge surpiuses used to be
produce(i. These surpiuses were used in case iiurricanes7 droughts or other disasters ciestroye(i the
food gar(iens, or, to regionaﬂy varying but aiways iiigil extents, for customary purposes,
guaranteeing peace with the spirits and the neighi)ouring groups.

The arrival of white settlers then i)rougiit iiuge ciianges to Vanuatu, most of them affecting
the agricuiturai system too. May]ae the most dramatic change was the popuiation decline until the
1930's: Data from the Vanuatu National Census of Popuiation and Housing, which was carried
out for the fifth time in 2009, suggests that the popuiation of Vanuatu was well below 40.000

(When extrapoiating the exponentiai growth since then even below 35000) around 1930 (see
Figure 4)

Traditional Agricuiture in Vanuatu 11



Fi’gure 4 P opu/ation of Vanuatu //i"om Vanuatu National Statistics 0/1196'6’, 2009/

This population decline had two main reasons: Firstly, the introduction of new diseases l)y the
new arrivals, and seconclly the so- called “Blacl{bircling", the partly voluntary and partly forced or
at least tlirougli tricl<ery accomplished exodus of Ni- Vanuatu workers to plantations in Australia
and Fidji.

The resulting small population clensity had various consequences for Vanuatu's agriculture.
For the plantations (introolucecl around 1870, iirstly proclucing copra and cotton, later also maize,
cocoa and coiiee) it meant a sliortage of lalaour, and because the majority of the population was
inclepenclent oi wage lalaour, most oi the plantations could not recruit enougli workers to persist.
For the smallholder farmers all this resulted in the availability of enougl1 land to abandon some
iarming tecliniques that used to be lielpiul in times of denser population, like terraced iarming
plots and irrigation channels.

Another related phenomenon that still remains in Vanuatu is the resettlement of “man bush”,
i.e. clans living in the centre of the islands (in contrast to “man solvvota"7 the coastal inlialsitants)7
to coastal areas. Enforced l)y missionaries, whole villages were made to move from central areas to
the seashore. Tliis, togetlier with the blacl{ening of old habits l)y some churches and the siniple
loss of people that used to carry customary l{nowle(ige7 led to a loss of established iarming
tecliniques that is hard to quantily. In 1882, Reverend JOHN INGLIS wrote (lnglis7 1882) “On
Aneithum there is a large system of irrigation, but of an ancient (iate; long channels cut as
scientiiically as if levels and inclines had been laid down l)y the surveyor with the aid of his
theodolite. If you ask the natives who made this old channels for irrigation, tliey tell you tliey do
not l{now; tliey suppose that tliey were made lsy the natmases, that tliis7 the gocls, in other Wor(is,

the spirits of their ioreiatllers, Wliicli, of course, means their forefathers themselves”. There exist

12 Traditional Agriculture in Vanuatu



many reports i)y the eariy arrivals which praise the sophisticated irrigation structures in Vanuatu7
but as this report aireaciy indicates, the practice of these techniqnes ]aegan to vanish aireaciy in
the 19 century. Nowaciays oniy a few irrigateci taro piots are ieit, mainiy in south and central
Santo and Maewo.

What (ieiiniteiy has to be included in all considerations about agriculture or generaiiy life in
Vanuatu is 4astom (i.e. traditional cuiture)7 inciuciing magic. Pianting seasons, weather
piienomena, the arrangements of piants in the garcien, everything has a kastom- explanation.
There are speciai Viiiagers responsii)ie for the ciweiiing of the most sacred tuber (yam), the yam-
master, there are taro- masters, éungee Jumping originates from a kastom in Pentecost which is
an initiation ceremony that also guarantees a gooci yam harvest. On some isian(is, women are not
allowed to enter the food garcien oiuring their perioci or else the roots of the piants would rot
(Gaian(ira, 2013), and on Tanna kava must not be prepareci by males who have aireaciy touched a

woman sexuaiiiy7 just to give a few exampies.

242 Food Crops and Animal Husi)a,n(iry

The ownersiiip of land in Vanuatu is an important issue (i)eyonci agricuiture), the usage rigiits
for garciening and conditions for entering land were and still are strictiy reguiateci i)y kastom.
Traditional agricuiture in Vanuatu is best described ioy being horticultural. Usuaiiy, a iarniiy owns
a piece of ianci, on which the farniiy members would clear lots of varying size (one to several ares)
i)y iaurning and cutting with the bush kniie, or where available with axes or chain saws. The most
common form of usage is the annual multi- crop food garcien, on which mainiy different root crops
are pia,nteci in iocaiiy varying patterns, mainiy foiiowing kastom gui(ieiines. Some areas rnigiit be
tiiie(i, that is ciug with a stici<, to permit certain tubers to grow extraor(iinariiy iarge in order to
use it for kastom purposes. After a few seasons, ciepenciing primariiy on the popuiation pressure,
the land would be left to lie iaiiow, but it can partiy be used further on when banana or manioc

are still tiiriving while i)eing overgrown progressiveiy (see Picture 3)
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Picture 3 Examp/e of a mu/ti—cmp gam/en that is lett fallow but part/y still used

The eariy arrivals brought, amongst other food crops, yam, taro, bananas, sugar cane, island
cai)i)age, edible nuts and breadfruit to Vanuatu. Also pigs, pouitry and possii:)iy kava were
introduced in pre- historic times. Varieties of banana and coconut are most probabiy indigenous,
sweet potato and manioc were introduced later (beiore 1850), togetiier with more sweet varieties
of banana. White settlers also iarougilt maize and cocoa and coffee in order to cultivate it for
export on plantations, but outside the few remaining plantations oniy maize is used in moderate
amounts by the iocais, on some islands cocoa and coffee is still used as a cash crop but there is no

tradition of processing it for private use.

Cattle were introduced to Vanuatu airea(iy in 1845, but it has iiardiy been accepte(i ioy the
locals. Mainiy it was introduced to produce milk for the new settiers, but it became also a popuiar
mean to control undergrowth of the coconut plantations.

Pigs came with the first settlers in ancient times, and tiiey have aiways been of great
importance to the ni- Vanuatu. Pigs are higiiiy valued as source of meat, but above all tiley are
important for ceremonial i{iiiings at feasts, at gra(ie taidng ceremonies or as status symboi of a
chief. Not for notiiing Vanuatu’s ﬂag also features an icon of a pig tusk. The pigs are usuaiiy kept

in small wooden cages (sornetimes eievateci) close to the houses but tiiey are frequentiy allowed to
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move freely (the former was presumably not the case before the arrival of the missionaries, who
reporte(ﬂy put great effort into keeping away the pigs from churches and bedrooms). This
demanded the construction of remarkable fences around the food garclens in former times, and it
is still an issue for present day agriculture. Nowadays the pigs are interbred with European races.

Poultry is also very common in Vanuatu7 and the bush fowl is also known to inhabit Vanuatu
since ancient times. The viHage fowl is also a result of interbreeding with the breeds brought by
Europeans, and they commonly accompany most houses in Vanuatu. They are almost exclusively
used as source of meat, as eggs use to be lost to clogs, rats or other faster consumers.

Aclclitionaﬂy, goats and sheep were introduced to Vanuatu in the 19 century with moderate
sustainable success. Here and there a viHage still features one or two goats or far less frequently

sheep. Horses were introduced as means of transport, and they are still used on Santo and above

all Tanna, where wild herds still thrive.
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2.5 Recent Chalienges for Vanuatu’s Agriculture

2.5.1 Socio- economic Issues

The most recent dramatic change in Vanuatu's society is most probabiy the growing
participation of ni- Vanuatu in cash- economy. Since primary school is free in Vanuatu, until
recentiy there weren’t many needs peopie in the rural areas couldn’t still without money. Even
more, there were, in many areas still are, iiardiy any options to spend money. One factor that
does now enforce the growing dependency on cash is the introduction of mobile pilones to
Vanuatu. The network is still expanding, and there are obvious effects on peopie’s iiandiing of
cash: First, a mobile phone and all the necessary accessories (iii{e a solar power station to charge
it) are a considerable investment. And then, this mean of communication gives you many more
opportunities to take part in the cash economy, which are also prornoted consequentiy by the
providers.

This is amongst the reasons Why there is a growing tendency for mainiy youngsters to move
to the cities. Also the little influence of kastom on the city life is a reason, on the islands the
traditional regulations can be very strict, and many youngsters seek to escape it. But generaiiy,
most inhabitants of Vila would still mention an outer island when being asked where they came
irom, and many youngsters would tell that they are oniy here for a Wiiiie, in order to make
money, but that tiiey are pianning to return. But in iact, chances for making quici{ big money in
the cities are rare (there is iiardiy any industry)7 and so peopie tend to stay ionger without
registration, hence the number of peopie iiving in the cities is growing faster than the census data
on urban population rnight suggest, (the Vanuatu National Census of 2009 gives a urban to rural
drift (Vanuatu National Statistics Office, 2009))

The high number of peopie in the cities who cannot produce their own food and the higher
need for cash in the rural areas is one reason for the high portion of cash crops ]oeing grown. In
case of a loss of parts of the yieid this means that there is less stapie food available for ]aaci{up.
Aiso, decreasing avaiia]oiiity of labour due to migration to Port Vila is reported on Efate.

But even in the rural areas increasing popuiation pressure can be observed. Due to the on-
going church-driven practice of resettiing “man bush” to the seaside, traditional farming systems
are left behind and many peopie have to do farming on sites tiley are not used to, competing with
their neighbours for land tliey have no kastom ownersiiip of. Aiso, in some Viiiauges7 rival churches
cause a division of the inhabitants, and in some cases a part of the viiiagers is made to move to a

proba]oiy less suitable agricuiturai land.
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Aiso, in former times iarge surpiuses used to be producecl for kastom purposes. These
Surpiuses were available as baci{up in case of yiei(i iosses, but kastom7 while still being a (iriving

force in Vanuatu, is iosing importance and ieasting is becoming less intense.

2.5.2  Claimed negative Effects of Climate Change on Smallholder Agriculture in Vanuatu

There are intensified natural disasters reporte(i that may be a result of climate change. Local
farmers report unanimously an equalisation of the seasons and that they find it hard to set the
right times for pianting and harvesting. This is especiaiiy true for recentiy introduced crops: one
farmer reported to me that they had to piant tomato seecuings three times on a piot since the first
two attempts failed because the see(iiings dried out. But also the pianting of the traditional crops
is reporteci to be more suspect to iaiiure, mainiy because of proiongeci cirougiit. Another big issue
is the rotting of the tubers due to proionged sui)mergence or other exposure to water. These
piienornena are suspecteci to be caused by intensified La Nifia and El Nifio periocis. Also the
cyclones are reported to be more frequent and more severe than in the earlier days. In regions
with shallow soii, also soil erosion is i)ecoming a proi)iem. Generaiiy, the farmers do report a
decline of the yieids, while neither Crops nor iarming tecilniques generaiiy do ciiange.

Vanuatu's National Advisory Comittee on Climate Change (NACCC) made the ioiiowing

statements about climate change and agricuiture in Vanuatu (Nationai A(ivisory Comittee on

Climate Ghange (NACGG), 2005)

- Climate-related disasters have had huge impacts on the economic growth and national
cieveiopment. Tropicai cyciones Uma, Anne and Bola that hit Vanuatu ciuring 1987 - 88,
were the cause of signiiicant economic and social costs. Approximateiy 50 deaths were
reporteci, a number of inter-island coastal tra(iing vessels were iost, and massive ciarnages
sustained ]oy the agricuiture and tourism industries. The total destruction of property was
valued at over US$152 million In 1999, iieavy rain associated with tropicai cycione Dani
caused serious ciamage, estimated at US$8m to infrastructure.

- The results of the climate scenario models and historicai/ observational trends point to
warmer and drier conditions in much of Vanuatu. The rnagnitu(ie of the expected ciiange
is iii{eiy to increase away from the equator. HOWGVBT, it is iii{eiy that some parts of the
country may receive increased rainfaii, due iargeiy to the frequent tropicai (iepressions
and storms that are iikeiy to cieveiop around Vanuatu waters .It is also iii(eiy that the

cyciones will become more intense and more irequent. The HADCM2 model indicates
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there may be more frequent El Nino type conditions associated with prolonged dry
seasons.

Soil degradation is an important issue affecting agriculture. The traditional practice of
shifting cultivation that allowed the soil to go through a process of regeneration ]oy ]oeing
left idle for extended periods ranging from 5-10 years is no 1onger possible. With the
increasing population, the fallow periods are being shortened, adding to the soil
degradation. Climate variability and extreme events such as droughts and floods will
exacerbate the impact on the 1and, and in turn on the agricultural productivity. Agro—
forestry and improved farming systems are l)eing promoted as means to reduce soil

degradation.

Another source of concern is drinl{ing water. In Vanuatu there is no tradition of digging WeHs,

and most of the drinl{ing water comes from rainwater tanks. This is due to the high porosity of

the rock, which causes rainwater to springs run dry in the dry season and clearly because of the

good availability of rain water. But in dry seasons in some areas the rainwater tanks run dry7 and

ViHagers have to seek for water in sometimes distant creeks7 a prolalern that is more drastic under

El Nifio conditions.
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3 Methodology

3.1 Preparatory Work

First, institutions that might have needed data for the project had to be identified. This data

includes:

- Topographic ciata,

- Meteoroiogicai (iata, inciuding rainiaii, temperature, if easiiy available also
humiciity and radiation

- Land use / land cover data

- P e(ioiogicai data

- Hyciroiogicai data

- Geoiogicai data

- Data on water use

- Official poiicies concerning water / agriculture

Preferred data format for geospatiai data was common GIS- format. Also aerial photographs

were desirable.

The local institutions in question that might provicie such data are

- Vanuatu Meteoroiogy and Geohazards Department (Associate to the project)

- Department of Ceoiogy, Mines and Water Resources (Associate to the project)

- Vanuatu Agricuiturai Research and Technical Centre (VARTC, Associate to the project)
- World Vision Deveiopment Group (Associate to the project)

- The GIZ

- Vanuatu Ministry of Agricuiture, Quarantine, Forestry and Fisheries

Also the avaiiahiiity of laboratories for soil and water anaiysis had to be investigate(i. At the

same time the necessary equipment had to be hought an(i/ or constructed. For a detailed list of
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this equipment see Annex IV: List of Equipment . Some equipment, like chemicals for soil testing
or augers for sampling, could not be obtained due to import restrictions or infrequent service of

the freight ships from overseas.

FoHowing a gap analysis under consideration of the data that was found, the data acquisition

at the field sites had been started. The following topics were meant to be covered in more detail:

- Experienced problems related to water

- Land use

- Crops

- Location of frequently Waterlogged / flooded / clry cultivated plots
- P recipitation

- Soil characteristics

- Water sources
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3.2 Secondary Data Collection

Several institutions were contacted in order to retrieve seconclary data and policy reports

concerning climate cliange, inclucling:

Ministry of Lands

Department of Geology, Mines and Water Resources
VARTC offices on Santo and Efate

National Statistics Office

Vanuatu Meteorology and Geohazards Department

The pul)lislling house Geo Consulte

Much GIS- data (ArcGlS— iormat) of varying accuracy covering different fields could be

collected at the Lands department, meteorological clata7 inclucling rain, temperature, liumi(lity,
pressure, sunslriine7 cloud cover and wind data of Bauerfield and White Grass Airport was handed
over l)y the Vanuatu Meteorology and Geohazards Department. The collected rain data is partly
incomplete but can to a limited extent serve as a data source to determine trends. Existing claily
rain data for Siviri, Port Havannah (close to Malaiau) and Middle Bush had not been delivered
until the end of this work pacliage. For an overview on rain gauges that are operate(l or were

operate(l in the past all over Vanuatu please reier to Annex [II: Vanuatu rain gauges.

Two very compreliensive books about soils and the agriculture of Vanuatu could be found in

the libraries of the VARTC- offices on Santo and Efate: One is the Soil atlas SOLS DE
[’ARCHIPEL VOLCANIQUE DES NOUVELLES HEBRIDES (VANUATU) by PAUL
QUANTIN and the other one is a synopsis of the history and the current practices of Vanuatu’s
agriculture, AGRICULTURE IN VANUATU l)y BARRY WEIGHTMAN. General information

and information on the spatial distribution of precipitation in Vanuatu could be extracted from

the ATLAS DU VANOUATOU (VANUATU) by PATRICIA SIMEONT.

Secon(iary Data Collection 23



3.3 Primary Data Collection

Through preliminary informal interviews farmers gave information about their issues reiating
to water, which was merge(i with data gaine(i from transect walks. During the first stay at the
project sites also basic rain gauges (simpie ombrometer made out of piastic bottles and
accumulative rain gauges made out of canisters) were installed.

After gaining an overview on land use and soii, sites for proiiie pits, infiltration tests and soil
sampiing were chosen after consultation with the partners, and soil sampies were taken and

anaiyseoi in the iai)oratory.

3.3.1 Fieldwork

3.3.1.1 Mapping

The first survey at the stuciy site gave information about land use, water related issues and
the kind of farming that is carried out at the study sites. Therefore, proionge(i stays at the stu(iy
sites were used to do informal interviews with the chiefs and the farmers about the situation of
agricuiture in their Viiiage, and to do transect walks in order to capture the topography,
settlement structure and land use. Basic mapping using the “Mageiian eXpiorist 310" GPS device
was carried out.

On the two sites on Eiate, Siviri respectiveiy Malafau were chosen as representative viiiages
amongst all the Viiiages within the stuciy sites. Most of the iarming piots at both viiiages on Efate
pius at the viiiages of Middle Bush were visiteci, waypoints and tracks were stored on the GPS
and hand notes were tai{en, inciu(iing data on water related pro]oiems, infrastructure, land use and
vegetation. Aciciitionaiiy pilotos of selected spots were taken. The usual proce(iure was to store the
tracks walked continuousiy, and set waypoints at prominent points like crossroads, waterways or
corners of iarming piots.

In Siviri, all the piots used i)y the viiiagers were visited and mappeci. But due to the smallness
of the farming piots and the low accuracy of the GPS- device this method was dismissed.

In Malafau the iarming areas, above all the ones used for growing i)ananas7 are vast, so that
not all of them (especiaiiy those close to the ring roaci) could be mappeci in detail.

In Middle Busii, the whole area was covereci, accorciing to the wish of most chiefs to map all
the areas affected ]oy iioociing respectiveiy water iogging. This made the methocioiogy differ from

the one used at the other sites, since the focus was now on mapping all areas affected ]oy these
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proi)iems within the whole stu(iy site rather than mapping all iarming piots used i)y one viiiage.

Farming piots of the ioiiowing Viiiages had to be covered ioy the mapping:

Lamai{, Launapiieuw, Louiipang, Launamiio, Loupii{as, Lauaru7 Lenemita, Loweiiau,
Louwauia, Loujiaru, Euei, Lenai{en, Lamai{, Jupii{ (Epui{), Lounaukiam Apen7 Loumiai7 Laui,
Lounauru, Launaiou, Lounauru, Latuan, Lowiaru, Iiimanga, Lamnatu, Lamneau. Lounuwao

Tuan, Kaunamcii{in, Lanupu Pin Nipin (tiie speiiing of the viiiages in RED is not sure).

3.3.12 Rain Cauges

In order to collect precipitation data , rain gauges had to be set up. All over Vanuatu, there is
no singie operating automatic weather station (state of 2012) Since it is expecteci that there will
be weather stations available later on in the project, a ciieap and easy way to determine
precipitation had to be found to allow preliminary rain data assessment.

To meet this goai it was decided that the best way would be to just calibrate a piastic bottle
of a i:)everage that is available tiirougiiout Vanuatu (VANUATU WATER, 600 mi), cut its
bottom and install it upsicie down on a wooden stick at one metre iieigiit (see Picture 9 for an
image of the gauge installed at Maiaiau). Once a speciai accuracy scale was purciiaseci, a bottle of
this type had been caiii)rate(i, using defined water amounts and the cross section of the open
iaottom, and the marks were transierreci to a non- elastic duct tape. With this tape a master sheet
was create(i, with which these marks can aiways be transferred to a tape and then be transferred
back to a bottle of the same kind again (Picture 4) Since gooci rain gauges are not easiiy available
in Vanuatu, the extension officers at DARD also received an instruction manual on constructing,
instaiiing and rea(iing a gauge like that for future use (see Annex II: Manual for constructing a

(iaiiy rain gauge out of a Vanuatu Water 600ml- iaottie).
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Picture 4- Calibration sheet for the (/az'lv rain gauge, ju(’/zza/mg a two-dimensional scale in order to

allow correct print- out
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Picture J: Rain gauge for a/aily reading made of a water 6ott/e, as constructed for the stua{y sites

Using good quality permanent markers a rain gauge like this can last for several rnonths7 if the
marks are retraced several years. Once the daily gauges were instaﬂed, the person in charge of the
reading received instructions, one written version on the first page of the notebook, and one

training with the gauge accompanied by explanatory notes in Bislama.
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Picture 0: Examp/e of the instructions for the reaa/ing of the rain gauge that came with the

notebook tor the peop/e in cﬁa.rge

Then gauges designed for monthly reading were built in order to have a ]oacl(up and a
different source of rain data. These gauges consist ofa 101 jerry can and a funnel (Picture 7) with
known cross-section of the inlet (Picture 8) The edge of the funnel was sharpened (resulting in
the eclge being on the outside of the ring, see Picture 8) and the area of the inlet was determined
l)y measuring its circumference on the outside. The reading can be done using any calibrated
eprouvette for measuring the amount of a liquid, and with the known cross- section of the funnel

(001462 mQ) the amount can be converted to mm.m?. 100 ml of Vegetable oil are added after the
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emptying of the jerry can to lower evaporation from inside the jerry can once there is water
inside. This amount of oil has to be considered at the next reading of the rain gauge of course.
Aclclitionaﬂy, the gauge was covered up with a piece of cloth in order to protect it from the direct
sunlight.

Picture 7- P, reperation of the funnel for the mont/z/y gauge

In Malafau two rain gauges were set up, one for daily reaclings and one for monthly reacling.
Chief Louis Manapanga agreecl to read the small Ombrometer claily at Tam. A notebook for the
recording was provided. The big gauge is to be read on the first of each month l)y staff
members / field officers of DARD.

In Siviri only the big gauge for monthly reading was set up, since there are two high— quality
Ombrometers already set up in the area and read claily (since 2011), one close to the football field
(hence, close to most farming plots) and one close to the Undine Bay coconut plantation. These
were set up by the Vanuatu Meteorology and Geohazards Department, which is an associate of
the NARI- project. The data has not been handed over until the end of this work package.

In Middle Bush both gages for daily and monthly reading were set up besides the church of
Lamnatu, and Sam Naliko, the local Assistant Agriculture Officer, agreed to do the reading of the

daily gauge.
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Picture 8- Rain gauge for monté[y reaa/iﬂg made of a water bott/e, as constructed for the
Stuc/y sites. Atter J'Hsta//ation, the gauge was sheltered trom the sun with a piece of cloth

All the gauges were set up fo]lowing common rules for the selection of sites for measuring rain
(see for example “Guide to Meteorological [nstruments and Methods of Observation” (WMO,
2010)) The gauges are set at forest clearings or gardens with scattered trees, from the opening of
the gauges there are no obstacles above an ang]e of 45° from the horizontal, and there are no

obstacles higher than the gauge in the near surrounding. Mostly, the obstacles are further away
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than twice their height. The daily gauge was set up at one metre height, the big gauge on the
other hand could not easily be mounted that high, it has just been fixed to the grouncl7 resulting
in the opening of the funnel ]oeing situated about (.5 m above ground.

Since it was not possi]ole to do the monthly reading on the first of the month on each site,
corrections were used to calculate the monthly precipitation. At Malafau, where one small and one
l)ig gauge were set up, the amount read at the big gauge was corrected by the amount of rain that
was measured with the daily gauge outside the month in question (e.g., if the reacling one month
was done on the third, and the last month on the second, the amount read at the ]oig gauge was
lowered by the daily readings of the current month (2‘“1 and 3“1), and the reacling of the 1 of last
month was added).

At the other sites there is no daily data available until now, so the data was corrected l)y the
claily mean calculated from the data of the big gauge, multiplied l:)y the number of days the

measurement was set- off, foHowing the methodology described in the previous paragraph.

3.3.13  Soil Survey

3.3.1.3.1 Infiltration

In order to determine the influence of the soil on water problems of farmers, infiltration tests
were carried out. Therefore, at each study site three characteristical spots were chosen to conduct
infiltration tests at. According to recent tendencies to question the additional value of double-
ring infiltrometer tests, the tests were done using a single ring infiltrometer as described in the

FAO- “Guidelines for designing and evaluating surface irrigation systems” (WaH{er, 1989)

The proceclure suggestecl there is the foﬂowing:

- Examine and select possible sites carefuﬂy for signs of unusual surface disturbance,
animal burrows, stones that might damage the cylinder, etc.

- Then a metal cylinder with a diameter of 30 cm or more and a height of about 40
cm is set in place and pressecl firmly into the SOiL after which a driving plate is
placecl over the cylinder and tampered with the driving hammer until the cylinder
is driven to a depth of about 1 cm.

- Fixa gauge of almost any type to the inner wall so that the water level changes

that occur can be measured.
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Pure water into the cylincler, and when the water surface is quiete(i, take an initial
rea(ling.

Additional measurements should be recorded at periociic intervals, 5 to 10 minutes
at the start of the tests, expancling to 30 to 60 minute intervals after 3 or 4
rea(lings, but the observation irequencies should be acljustecl to infiltration rates.
When the water level has clroppecl about one-half of the (ieptll of the cylinoier7
water should be added to return the surface to its approximate initial elevation.
The cleptli should be maintained in the cylincler between 6 and 10 cm throughout
the test.

To evaluate the infiltration iunction, reaclings near the later part of the test shall

be selected and the slope there is the basic intake rate.

Other sources suggest to pre- wet the soil and determine the infiltration rate loy keeping the

water level constant ancl measure tlie water volume tliat lias to l)e aolclecl in orcler to do SO.

Unfortunately, cloing the infiltration tests completely in accordance with some standard proceclure

provecl to be cliiiicult, due to several reasons:

Since it was not possil)le to purcliase a metal cylin(ier that could have been used for
infiltration tests and also a PVC pipe of a diameter somewhat close to the FAO-
suggestion (> 30 cm) was not availalsle, a custom made plastic pipe with a diameter
of about 32 cm was used. The prololern with it was that it was not possilale to
hammer it into the grouncl since the material was too brittle. One side of the pipe
was sliarpenecl to make it go down into the grouncl more easily. But also with this
improvement it was never possilole to hammer the pipe more than 3-5 cm into the
grouncl, so the desired cleptli of 15 cm could not be reached.

The availability of water was very limited at most sites, the water always had to be
carried in jerry cans over long (iistances, and it was difficult to assure that at every
test there was some assistance for carrying water to the test site. This lead to the
decision not to do stationary infiltration tests, since not everywllere it could be
assured that enougll water would be available to do hold the water level constant,
but the results of the individual sites should be cornparal)le.

The water level had to be read at shorter intervals due to the liigli iniiltration, and
the rea(ling could not be done over several llours, because the water consumption

was too lligli. In most cases, a stationary rate was reached (iuring the measurement

tliougli.
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The water level has not been kept in the suggested range, because errors caused by
the necessary frequent refills (clue to the unknown amount of water draining away
cluring the fiﬂing and the disturbance of the water surface) were considered to be

more pro]olematic than the faﬂing hydrostatic pressure.

Under these hmitations, instationary tests were carried out accorcling to the foHovving scheme:

Due to

Choose a spot with uniform, ﬂat, preferably unvegetatecl soil.

Clear the spot from superficial roots.

Level the spot.

Drive the pipe as cleep as possible into the ground.

Attach a meter inside the pipe and cover the grouncl inside the cylincler with a
piece of cloth (in order to not disturb the soil when pouring the water into the
cylinder, see Picture 9)

Before starting the test, pre- wet the soil for 20 min.

After that, fill up the cylinder until the initial level with water again, remove the
piece of cloth.

Read the water level every minute, reduce that interval accoroling to the speed of
the percolation and the accuracy of the meter (1 mm in this Case)

Record the water level until all the water has vanished.

The determined infiltration rate is the rate at which the water level in the pipe
decreased shortly before all the water had drained away. Usuaﬂy, that rate was

reached asymptoticauy before that point.

the methodical restrictions the infiltration rates are rather to be used for relative

comparison of the sites only.

Primary Data Collection 33



Picture 9- Infiltration test setup

33132 Profile Pits

At all the sites where infiltration tests were carried out also profile pits were dug, apart from
one site at Malafau, where delayed harvest of the yam that is grown at this site made it

impossil)le to interfere with the soil there due to the high status of yam in Vanuatu’s culture.
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The survey was carried out on profiie pits that were (iug down to at least 1.2 m ciepth or to the
parent rock where the soil was shallower than that. Foiiowing the FAO “Guidelines for Soil
Description” (Jahn, Blume, Asio, Spaargaren, & Schaci, 2006), the foiiowing properties were
described:

a) Recent meteoroiogicai conditions

i)) Lanci use (Tai)ie ].)

Table 1: Land-use classification / Jahn et a./,, 2005)

c) Vegetation:
Listing of the dominant Crops
(i) Landform and topography:

- the major ian(iform, reiering to the morphology of the whole ianciscape (Tabie 2)
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1able 2- Pl ysiograp/zjc Position: Hierarch )y of major landforms / Jahn et a[, 2006)

the position of the site within the 1a,nc1scape (Picture 10)

Picture 10: 5/0])6' positions in unc/u/atjng and mountainous terrain / Jahn et a[, 2006/

- the slope angle (Table 3)

Table 3- 570[)6‘ graa/jeut classes / Jahn et a[, 2005)
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e Stone cover and rock outcrops:
) p

T}le abundance O{. exposecl bedI‘OCl{ and coarse surface fragments was descri]oecl in terms Of

surface percentage (Table 4)

Table 4 Classification of rocé'y surface share / Jahn et a[, 2006)

f) Distribution and thickness of 1ayers:

The layer boundaries were recorcled, diffuse transition zones between the 1ayers are

indicated by noting ranges, e.g. “11-15* cm.
g) Erosion:

If erosion was visible, its type was described (Ta]ale 5)

Table 5: Classification of Frosion / Jahn et a[, 2006)
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h) Abundance of roots :

For each layer the abundance of roots was checked

i Soil texture:
)

A field estimation of the soil texture was conducted using foHowing the key in the FAO-

guidelines (Tab]e 6) .

1able 0- [(ey to the soil texture classes / Jahn et a[, 2006)
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j) Sail colour:
The colour of each iayer was determined using Munsell Soil Color Charts.
i{) Aggregate stabiiity:

Where aggregates were aiounciant, their stabiiity was checked accorciing to a method
described in “BODENKUNDLICHES PRAKTIKUM” (Schlichting & Blume, 1995). Here,
some aggregates are put into a bowl filled with water, and after swinging round the bowl
the stabiiity is determined i)y ciassiiying the ciecay of the aggregates from AS1 (no ciecay)
to AS6 (compiete ciecay and dissolution).

i) Parent rock / Litiioiogy:

The parent roci{, if it could be reaciieci7 was described in terms of sta]oiiity and structure

(i.e. “weathered” or “soft") and iithoiogicaiy (Tabie 7)
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Table 7- litéo/ogica/ classification /Ja/m et a[, 2005/

m) Carl)onates:

The presence of carbonates in the parent rock was determined ]oy aclding some drops of
12—percent HCI to the soil (note: the recommendation of the FAQO is 10 %- HCL but this

was not available in Vanuatu).
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Table 8- Classification of carbonate reaction /Jaﬁn et a[, 2006)

n) Magnituole, period of inundation:

Inundation periods were estimated ]oy interviewing local farmers and classified l:)eing

frequent, infrequent, rare or very rare.
o) Depth to groundwater table:

The grounclwater ta]ale was recor(lecl Where groundwater was reachecl.

3.3.13.3 Sampling

At the sites of the profﬂe pits, several soil samples (three per layer) were taken and
transferred to the Food Technology Development Centre & Analytical Unit at Tagabe, Port Vila
to do further analysis (pH and bulk density) and the disturbed samples of each 1ayer have been
stored at DARD for su]osequent further analysis at NARIL

On each site two undisturbed samples of 200cm? using sampling cylinder, plus one disturbed
sample using a Spade (approximately 800-900 g (Wet)) were taken from each 1ayer down to 120 cm
depth. As only three sampling cylinders have been ]orought to Vanuatu ]:)y me it was not possible
to transfer each pro]oe in the cy]inder to the 1a]ooratory and do further tests on the undisturbed

sample (like hydraulic conductivity tests).
% Y y
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3.3.2 Laboratory Work

The Food Technology Development Centre & Analytical Unit’s lalooratory at Port Vila,
Tagaloe was used to do pH— testing of the soil samples as well as to clry soil samples in order to
determine the bulk (iensity. Any further analysis of the soil could not be carried out, due to lack

of equipment and the necessary chemicals.

3.3.21 Bulk Density

The bulk (lensity is the clensity of clry, undisturbed soil. Togetlier with the usually only
moclerately varying clensity of the soil constituents it is a measure for the porosity of the soil. It is
usually determined loy drying a known volume of soil at 105 clegrees and weigllt the (iry mass
(compare the FAO- guidelines for soil clescription (Jalm et al., 2006))

The proceclure was to take the samples in the field using the sampling cylinclers. The cylinclers
were then emptiecl into plastic loags and samples were stored and lorouglit to the lal:)oratory7 where
the samples were dried in a clrying oven at sliglitly above 100 clegrees Celsius for at least 24 hours.
Since the temperature was not exactly aoljustalole, it was controlled from time to time using a
mercury thermometer and temperature and time was a(ijusteol accorclingly. The two samples of
each layer were dried and weigllte(i separately and the mean of the two densities was attributed
to the soil layer. The reference volume was the sampling cylincler volume7 S0 possilole effects of

shrinl{ing of the soil (luring the clrying process were not taken into account.

3.3.22  Soil pH

Soil pH can affect the availal)ility of mineral nutrients to plants as well as many other soil
processes, which influences the yielcl. Before cloing the pH— test the pH— meter of the Food
Tecllnology Development Centre & Analytical Unit had to be calibrated. The necessary buffer
solutions to do that could not be purcllase(i in Vanuatu, and due to the inirequent service of
lreiglit sliips from Australia and strict quarantine rules it was not feasible to order any chemicals
like this from overseas. Tliereiore, a cooperation with the soil lal)oratory at USP (University of
South Paciiic) was estal)lislieol, and the calibration plus the first tests were carried out there.
Again, the procedure used for measuring the pH followed the FAO- gui(ielines for soil clescription
(Jalm et al., 2006) a soil suspension with 1 part (Wet) soil and 2.5 parts 1 M KCl solution was

left for 15 minutes and then the pH had been determined using an electronic pH—meter.
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4 Results

4.1 Existing Data reiating to Climate Ciiange in Vanuatu

411 Evidence for Climate Cila,nge in Vanuatu

411.1 Meteoroiogicai Data

Well-founded meteoroiogicai evidence for climate cilange is hard to find in Vanuatu. In 2012,
there were oniy two meteoroiogicai stations that provioieci iong—term data until recentiy, many
iong—term measurements were abandoned in the 1990’s or earlier. Out of the two automatic
stations that have been operateci a iong time at the international airports on Efate (Bauerfieici
Airport) and Tanna (Wiiitegrass Airport), none is currentiy (2012) operating, and furthermore the
station on Tanna was moved with the airport in 1998 and there are gaps in the data.

Tiiereiore, oniy few records are available for iong—term trend anaiysis, in Figure 5, the
available iong—time series for rain- and temperature that were handed over i)y the Vanuatu

Meteorology and Geohazards Department after ciearing them from incompiete years is (iispiayeci:

figure 9: Available /ong— term weather data

The iongest time- series is the montiiiy rain data collected at Bauerfield Airport in Port Viia7
Efate, covering 39 years, with data points in 1978 oniy missing. Temperature— and rain data from
Tanna (Burtoniiei(i and Whitegrass) covers almost this time span too, but since the station was

moved from Burtonfield to Whitegrass and the old and the current location differ both in altitude
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and topography, the data should not be treated as one series. Hence, rain- and temperature data
can be statisticaﬂy analyse(i only for the three locations separately.

For an overview of the obtained data of these stations piease refer to Figure 6, in Figure 7 the
annual rainfall of the longest series (]oetween 1972 and 2011) at Bauerfield Airport
(17428/16818E, 21 m above sea 1evel) is displayed.

Egure 0: 1 emperature and precipitation progressions

The mean annual rainfall of the two stations (the mean of 30 years, 1971-2000 on Tanna
(Burtoufield) and 1972-2001 on Efate (Bauerfield)) is 1277.6 mm a on Tanna and on Efate 2245.6
mm / a, Whereby the Tanna series also includes two years of data from records belonging to the
previous station at Isangel and two years from the currently operated station at Whitegrass

airport (compare Annex III: Vanuatu rain gauges, Table 25 and Table 26)
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When anaiysing the records of each station for a linear tren(i, one finds the ioiiowing slopes

and correlation coefficients (Tabie 9):

|Unit Bauerfield |Burtonfield|Whitegrass
Rain
Slope mm/(10*a) 64.18 -263.15 9.10
R? - 0.02 0.22 0.00
Temperature
Slope K/(10*a) 0.54 -0.13 -0.04
R? - 0.57 0.08 0.00

Taé/e g ]irencls /cﬁaﬂge per a/ecaa/e/ aﬂa/ correspona/ing corre/atfon COG’I[I:[I:CI-G’HL‘S in temperature 3Hd

rain data

It can be seen that there are trends in the ciata7 but tiiey are partiy contradictory.
Temperature progression on Tanna for exampie is siightiy negative from 1973 until 1997, and the
new station gives a positive trend since 1999, but it is almost zero. Since both R? are very close to
zero too, it is can be concluded that there is no temperature trend on Tanna. On Eiate,
temperature data shows an increase of the mean temperature iay 05K per decade.

Rain seems to increase on Efate. On Tanna, the two rain data series show contradictory
trends again, before the station was moved a strong negative trend was oi)serveci, but at the new
location at Wilitegrass airport a small positive trend is observed.

But all this data is characterised by a very low R2 This can be due to a non- linear trenci, or
to no anaiyticai trend at all. When ilaving a closer look at the grapils (Figure 6), one can easiiy
see the linear trend for the temperature at Bauerfield. This data series is the iongest and shows a
positive temperature trend which is supporteci by the iligiiest R?% But all the other devolutions
suggest that there is no uncieriying trend of linear or non- linear form, hence no trend at all. But
all this must be seen under the fact that the time series are Silort, rather too short to allow

proiounci anaiysis of the climate.
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Annual Rainfall Record for Bauerfield airport from 1972-2011
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Fi'gure /- Annual rainfall Baverfield airport

Since it is both reporte(i that seasonal extremes are more pronounceci and that the seasons are
getting more and more inciistinguisiiai)ie, some statistical anaiysis was undertaken on the rain
data from Bauerfield Airport station, which provicies the iongest time series.

At first giance, the recorded mean annual rainfall shows a quite unsteaciy progression (Figure
7) Tiierefore, those fluctuations were investigated. The first anaiysis is based on the fact that
there are oniy two ciiiierent seasons in Vanuatu, hence one season lasts about 6 montiis, and on
the assumption that there is a linear trend in the precipitation. The first step was to form a
moving average over 5 months aiong the iorty years of montiiiy data (1972—2011, Figure 8) and to
fit a linear siope to the time series. Then the deviation of this average (ai)soiute vaiue) from the
linear fit was calculated to represent de-trended absolute derivation of the H- month periods from
“normal”. Aiso, the absolute deviations of the moving averages from the iong—tirne mean were
calculated (Figure 9, here the trend has not been taken into account). In both cases values whose
calculation included missing data points were dismissed. The results can be seen in Figure 8 and

Figure 9.
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Egure 8 Deviation of the 5-month moving average trom the /ong-term linear trend /Bauen{i'e/a/

Aifport}
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E'gure Y- Deviation of the J-month moving average trom the /ong-term average /Baueng'e/a/

Ajrport/

Of course, as there are two seasons, there is an underlying oscillation period of the absolute
deviations of 6 months at average. The progressions of the two deviations differ little. There was a
very pronounced deviation of the seasons between the years 27 and 31 of the recording (1999 and
2003 respectively), which strengthens the impression that an incline of “abnormal” years can be

seen. | his impression is supporte(l loy calculating the linear slope of the deviation. The annual
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slope turns out to be 0.246 mm / a based on the long—term average and 0.23] mm / a based on the
de-trended series, which means that on average every year the mean deviation of 5-month means
from “normal” is increasing by approxirnateiy 024 mm, a trend that is moderate though
considering the high absolute precipitation values.

A second way the data was dealt with was to look at the progressions of the mean precipitation of
the individual months separately. Consequently, the mean precipitation of each month in the 40
years of recording was calculated, and then every year the month was cornpared with its long—

term mean in terms of its deviation in mm / month. These deviations were investigated for a trend

(Table 10).

- vionh [Fan [ TTFeb [ TMar AR ] May [ un | aul | Aug [ sep [ oct [TNovI[TTDect)

Slope
(mm/year) 1.3 1.0 -1.6 0.7 0.0 0.2 0.0 -0.3 -0.2 -0.9 1.4 0.0
Mean
294.3 330.4 319.5 233.5 185.3 180.8 86.0 83.1 85.5 117.0 150.9 175.5
(mm/month)

Table 10- Trends of the mean precipitation of each month /Bauerfje/a/ Airport/

This table gives a rather heterogeneous picture: The months of the seasons (dry, cold season
in orange, hot, rainy season in ]orown) do not develop hornogenousiy7 and three months of the dry
season are getting more rain and the other three less, in the wet season precipitation shows a
slight overall increase.

All those results have to be treated with caution anyway, since a 40- year data set is a pretty
short series when deaiing with El Nifio and La Nifa oscillations that have a characteristic period

1ength of two to seven years.

4112 Other Data

Concerning the severity of cyclones, in 2005 the National Advisory Committee on Climate
Change of Vanuatu published a National Adaptation Programme of Action (National Advisory
Comittee on Climate O}iange (NACCC), 2005) in which it is stated that “There has been a
significant increase in the frequency of tropical cyclones in the country as a whole over the record
period. A total of 124 tropical cyciones had affected Vanuatu since 1939. Forty—five (36%) of these
were categorized as having hurricane force winds (>64 knots), twenty-six (21%) were of storm
force winds (48 - 63 Knots) and twenty—five (20%) were of gaie force winds (34 - A7 knots). An
additional 28 tropical cyclones were not categorized.”

Another source for indications for climate change is its effects as reported loy farmers. This

approach has the advantage that the integrated effect of climate change on agriculture can be
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capture(i, but the disadvantage that some piienomena cannot cieariy be attributed to changing
climate. Tiiey migiit as well have other reasons, as for exampie a recent change of the land use
regime, and there is a tenciency observable that climate ciiange is a too popuiar justiiication for
inconvenient events that arise recentiy in agriculture in Vanuatu. Aciciitionaiiy it is not easy to

number yiei(i losses since there is no practice of yiei(i ascertainment in Vanuatu.

Rising sea level is reporteci to be an issue on some northern isiancis, above all in the Torres
group, where for exarnpie on Loh viiiagers report signiiicant land losses in the past ciecacie7 but no
agricuiturai land has been affected yet, because gardening is almost exciusiveiy practiceci on
iiigiier parts of the island. Since Vanuatu’s islands are generaiiy ingil and very terraceci, the
effect of sea level rise is smaii, and it may even be the case that the upiiit of the land
preciorninates over the sea level rise in some areas, as for exarnpie on Tanna7 that has a very

active volcano.

1.1.1 Policies concerning (Climate C}iange A(iaptions in Vanuatu

Several Wori{ing groups have been formed in order to establish poiicies concerning climate

ciiange, for exampie the National Acivisory Committee on Climate Ciiange (NACCC) in 2005,
some held workshops, as the National Water Safety Plan Training & Planning Workshop in 2006
("NATIONAL PLAN DRAFT,” 2006), which also deals with the underlying international
guicieiines.

In 2002, the “VANUATU WATER RESOURCES MANAGEMENT ACT NO.9 OF 2002” has
been assented, regulating the protection, management and use of water resources in Vanuatu
(Vanuatu Water Resources Management Act, 2002). [t mainly describes the administrative and

iegisiative authorities in ciiarge.

The NACCC pui)iisiieci the ioiiowing ranked list of a(iaptation strategies (Nationai Acivisory
Comittee on Climate Ciiange (NACCC), 2005)

1) Agricuiture & food security (preservation/ processing / marketing, modern & traditional
practices, i)artering)

2) More resilient crop species inciu(iing traditional varieties

3) Land use pianning and management (rnociern & traditional agricuiturai practices, eariy
warning inciu(iing traditional systems)

4) Water management poiicies / programmes (inciu&ing rainwater iiarvesting)

5) Sustainable iorestry management
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6) Community based marine resource management programmes (moclern & traditional / aqua-
culture)

7) Mainstream climate change considerations into infrastructure ciesign and
pianning (mociern & traciitionai, EIA)

8) Sustainable Livestock iarming and management

9) Deveiop Integrate(i Coastal ZoneManagement (ICZM) programines,
inciuciing mangroves & coastal flora management pian.

10) Sustainable tourism

11) Vector & water borne disease activities (modern & traditionai)

[n the WATER SAFETY PLAN PROGRAMME ciraft, the actions for implementation of
water saiety pians are defined (NATIONAL PLAN DRAFT, 2006)

“AWARENESS & COMMUNITY PARTICIPATION

For safe quaiity cirini{ing water, communities need to understand the iini{ages between
water quaiity and health and know the contributions tiiey can make to ensure safe

cirini{ing water.

1. Strengtiien collaboration among local communities (anci between local
communities and relevant government agencies) to access local

knowiecige on water resource management

2. Establish a mechanism for awareness and education of outer island
communities tai{ing into consideration the relative remoteness of some of

these communities

3. Deveiop community education and awareness programmes

. Strengthen collaboration between agencies to share resources and
cieveiop awareness programines and materiais;

« Establish a Working group for community awareness & education that
would be responsi]:)ie for developing [EC materials for awareness raising
on (irini{ing water quaiity and health issues;

« The Awareness Wori{ing Group should engage in pui)iic consultations to

icientiiy issues and concerns of the pui)iic in relation to cirini{ing water and
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heaith.

« Translate relevant IEC materials into local ianguages (e.g. Bisiama)

4. Conduct wori{shops to empower communities to take more ownership and
responsibility of their clrinking water

« Promote the iini{ages between (irinking water quaiity and health issues
tiirougii community Wori{shops;

. Empower communities to maintain safe quaiity water ]oy training them on
simpie water quaiity tests and sanitary surveys e.g. H2S test kits and

WHO sanitary survey iorms;

. Empower communities (iandowners) to engage in pubiic awareness

programmes

WATER RESOURCE MANAGEMENT

For safe quaiity cirini(ing water we need to ensure aciequate suppiy of gooci quaiity of

source water for pubiic water suppiies.

5. Enforce iegisiation (reguiations) for effective management of water

resources in Vanuatu.

« Enforce the Water Resource Management Act (2002)

« Enforce other iegisiation and / or reguiations (of other agencies) that reguiate
water suppiy management, water quaiity management, health surveillance

etc;

+ Build the capacity (mainiy human resources) of relevant agencies to enforce

these iegisiations.

6. Strengtiien Catchment Management of major water suppiies in Vanuatu
. Impiement Catchment Management Plans (ieveiope(i ]oy the Water
Resource Management Committee;

« Conduct a review of existing laws for Catchment Protection and
Management;

« Awareness programme for tourists and members of pu]oiic;

« Place signage warning tourists and members of the consequences of
tampering with the catchment, intakes, or accidental or deliberate

contamination of water sources;
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« Introduce community policing of catchments hy landowner groups or

Water Resource Management Committee.

7. Establish formal agreements with land owners for access to their land to
establish water supplies (intalie7 storage, (iistrihution)

« Since most water supplies are on land owned hy local communities it is
essential to have some formal agreement with landowners for access to
their land and water resources for the purpose of water supply

development

8. Develop land-use plans for catchment areas of major water supplies in

Vanuatu

9. Encourage more constructive clialogue among stakeholders (via the Water

Resource Management Committee)

10. Strengthen monitoring of clrinl{ing water quality

. Strengthen surveillance and monitoring of clrinl{ing water supplies
(inclucling urban and rural supplies);

« Establish strategy for sharing of data among relevant agencies;

. Prepare annual reports on clrinl{ing water quality status and share among

l<ey stakeholders.

11. Explore alternative water sources

INSITUTIONAL ARRANGEMENTS

For safe quality (irinl{ing water we need effective cooperation among l<ey stakeholders at all

levels of operational policy, regulatory framework and information sharing.

12. Establish and strengthen the National Steering Committee (macle up of

representatives of different agencies and community groups)

+ The board should include the following:
-A representative from DCMNR, MOH, Environment Unit, Meteorology

Service, Ministry of Finance,

54 Existing Data relating to Climate Change in Vanuatu



- Agricultural, Commercial and Tourism sectors

- Provincial Government Reps (e.g. SHEFA and SANMA)

- Community reps (e.g. the Tagaloe River Management

Committee),NCOs

- Local Municipalities (Port Vila and Luganville)

. Clearly i(lentily the missions, roles and responsil)ilities of each agency with
respect to water supply management;

. Develop a structure lor collaborative work

o Build trust between each agency

o Sllare gOOCl ancl l)a(l examples ancl lESSOIlS learnt

13. Capacity Builcling for agencies in cleveloping and implementing WSPs
« An ongoing Capacity Builcling and Training programme needs to be
established to ensure local expertise is available to assist with WSP
development & implementation.

« Conduct training WOI“l(SllOpS to train staff from other agencies on
clevelopment and implementation of WSP S.;

- A strategy for maintaining expertise within agencies needs to be

clevelopecl (e.g. staff passing on their lmowleclge to successors).

14. lmprove sliaring of information among agencies

« Establish a worliing group that would collate data and prepare annual

reports on the lollowing:

i. Drinl{ing water quality of various supplies (url)an, rural and outerislancl) in Vanuatu
ii. Water-borne disease statistics

« Inter & intra governmental relationsliips and networks should be

strengtlienecl to improve information sliaring;

« Establish a network between other PICs that have or are in the process of

cleveloping and implementing WSPs to share lessons learnt.

15. Enforce existing legislation or draft new legislation to address national
water supply concerns

+ Conduct a legislative review of various acts and regulations that regulate
water resource, water supply or water quality management.

« Make amendments to existing legislation to address l<ey issues in water

resource, water supply and water quality management.

Existing Data relating to Climate Cliange in Vanuatu



FINANCING

For safe quality olrinl{ing water we need appropriate financial arrangements
and support to invest in needed improvements in water resources
management, appropriate technology, institutional arrangements and

community awareness and participation.

16. Secure liigli level Government Commitment for development and

implementation of Water Saiety Plans in Vanuatu

17. Increase self reliance l:)y completing the Water Saiety Plan to iclentiiy
needed capital improvements and (iirecting limited resources (irom

National Buclget) to these improvement

18. Establish strategic planning for water supply clevelopment (using Water
Saiety Plans as a tool)

19. lclentiiy iunciing sources

. Agencies need to i(ientiiy sources (national buclget and donor aicl) for
iun(iing WSP implementation;

« Review current and projecte(i lau(igets to identiiy iun(ling for needed
capital or institutional improvements for implementation of WSP S;

« Establish proper evaluation / review process for donor funded projects to

avoid mis-management of funds

20. Allocate iun(iing for needed improvements (capital works or institutional
arrangements) or capacity louil(iing

. Complete Water Saiety Plans for water supplies to use as justiiication for
iunciing or donor support for needed improvements;

. Prepare an lmprovement Schedule to i(ientiiy (prioritize) those
improvements that can be made with existing iun(iing and those that will

need additional iun(iing from Government or donor support.

APPROPRIATE TECHNOLOGY

For safe quality clrinl{ing water we need to consider appropriate teclinology
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inciu(iing reiiaioiiity, practicality, energy nee(is, easy access to
consumaioies, easy access to technical know how’” and

repairs / maintenance.

21. i(ientiiy appropriate technology, infrastructure and equipment (inciu(iing

consumabies) for rural water suppiy iteeping in mind the nee(i.s7 capai)iiity

and resources of local communities

« Ensure that the technoiogy is ieasiioie, appropriate and takes into

consideration the unique geograpiiicai, geoiogicai, iiyciroiogicai and socioeconomic situations;
o The teciinoiogy should take into consideration irequent natural disaster

events e.g. Voicanoes, eartiiquai{es, cirougilts and cyciones.

22. Build the capacity of local communities for the operation and management

of rural water suppiies

ISLAND VULNERABILITY

For safe quaiity drini{ing water we need relevant information and resources
(inciuciing climatic (iata) on effects of climate ciiange, natural disasters etc.
to enable preparations for sustainability of water suppiies and quicii
recovery after events such as natural disasters (iiooding, (irougilt,

cyciones etc).

23. improve prepareciness for natural disaster events that could have
signiiicant impact on water resources and water suppiy

+ Review and impiernent the National Disaster Management Pian;

« Increase local awareness of the Disaster Management Pian;

« Establish eariy warning systems for natural disasters such as
eartilquai(es7 cyciones7 tsunamis and (irougiit;

. Engage local communities (eiders) to access local i{nowie<ige of
preciicting weather patterns and natural (iisasters;

+ Promote emergency storage of water (tiirougii local rne(iia) beiore, ciuring
and after natural disasters such as iiood7 drought, cyciones and
eartilquai(es;

« Ensure there are sufficient funds allocated for response to natural

disasters.

Existing Data reiating to Climate Change in Vanuatu 57



24. Improve access to relevant regional and national climatic data

. Encourage sharing of information on climate change and weather
patterns in Vanuatu;

. Strengthen the capacity for monitoring effects of Climate Change on
water resources;

« Establish networks with regional meteorologicai centres for information

sharing on climate change and regional weather patterns.

a8
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4.2 Desired Improvements for Smallholder Agriculture in Vanuatu

In the focus group discussions conducted during the beginning of this project the main wishes

of the interviewed farmers were:

- P rotecting water resources to have safe and secure access for household use

- Improving production of meat and eggs from chicken and ducks

- Adcling value to the staple crops through processing into food and feed

- Integrating livestock and crop production to improve yield from livestock and crops

- Keeping chicken, ducks and pigs for higher cash income. It is the farmer’s view that the
current supply of meat to local markets is less than the demand.

- Introduction of other / new crops or crop varieties into the farming system

- More training and materials to improve breeding stock and knowledge of farming
livestock

- Introduction of cyclone resistant dwarf varieties of banana and manioc

- Information on processing the starch of taro to preserve it for own consumption over time
and rest the land for fallow over a longer periocl

- Introduction of early maturing ]oananas, disease resistance varieties and “moon shapecl"

bananas (“White Man Banana”) for the market

Also the hope that a lift of EU's ban on kava would open a big market for Vanuatu's kava-

export and hence generate good income for smallholder farmers is expressed all over Vanuatu.
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4.3 Individual Sites

431  Siviri

4311 General Information

Each viiiage at this stuciy site has different issues reiating to soil and water. The viiiages are
not experiencing the same water constraints, but the whole area was selected as a representative
ciry area, Wiiere]oy preliminary investigations indicated that the viiiage of Siviri is affected i)y
ciraugiit the most. For the work at iiand, oniy the conditions for the iarming piots of Siviri were
investigated. Most of Siviri’s farrning piots are located up the cliffs south of the Viiiage, around 50

m a]oove sea ievei.

43.12 Land Use

As generaiiy in Vanuatu, the arable land around Siviri is mainiy used for crop iarming,
aciciitionaiiy agroiorestry piays a role. Small-scale animal iiusbanciry for domestic use is common,
in pre—inciepen(ience times big areas up the hill have been used for grazing cattle.

The reguiar farming system is the annual muiti—crop garcien on piots that were cleared from
bush in advance by burning (Picture ii) The piots are left fallow every few years, for (iiffering
periocis of time, but some crops will continue to be harvested (iuring the fallow periods (e.g.
i)anana). The gar(iens lie mainiy on the upper terraces (Figure ii), which is primariiy due to the
domestic (an(i reporteciiy a few remaining Wiici) pigs that (iamage the piants reguiariy after
entering the garciens that are too close to the viiiage. The remaining piots close to the viiiage are
therefore fenced. Some piots are located as far as two kilometres away from the viiiage. Even up
at the water source, more than eigiit kilometres from the viiiage i)y ioot, some viiiagers have
garciens (see Figure 12> The piots are scattered in the bush in a rather irreguiar manner, and
most are oniy a few ares of size (see Figure 11) The main crops are manioc, taro, yam, papaya,
coconuts, ioanaria7 island ca]o]oage, sweet potato and grapeiruit, all of which are part of the reguiar
diet of the iarmers, but also serve as cash crops. In addition to those common piants to Vanuatu,
also more unusual crops like gariic, onion, chilli and lemon are present. To a minor extent, coffee

an(i kava are grown (ciose to tile main water source).
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Picture 11: T ypjca/ tood gara/en of Siviri

Practiced agroforestry includes the production of sandalwood and “whitewood” (Endospermum
meduﬂosum) for the wood marl{et, together with some charcoal production.
Animal hus]oandry is only of minor importance, poultry and pigs are the base of small scale

meat pI‘OClllCtiOH, Where]ay pork serves more Ceremonial purposes.
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Siviri has (lrinl{ing water supply by a water pipe that was installed ]ay the government with
foreign aid. The pipe transports water from a spring tapping (see Figure 12, “Main well” and
Picture 12) on the other side of Undine Bay to Siviri and surrounding viﬂages. Two high-level
tanks are located on the cliffs above Siviri to allow constant supply (see Figure 12). Additionaﬂy,

there is a pumping well close to the ring road for local supply.

Picture 12 Spring tapping tfor Siviri’s c/riné'ing water Supp/y

4313 Farmer’s Reports on Water Issues

At Siviri the farming plots on the terraces above the viHage are subject to dry conditions
during the hot season, and crops are reported to dry up. This is especiaﬂy true for the vast “white
grass’- areas along the ring road on the way to Vila, which have been used as grazing land for
cattle in pre—indepenclence times. Also, soil erosion is a pro]alem during the wet season. At some of

the bigger farming p]ots, rill erosion can be observed.
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Even though there would be some potential farming areas closer to the viHage and on the
same level (above all close to the ring roa(i)7 this potential is har(ﬂy being used. This is mainly
due to the pro]oiem of domestic pigs entering the farining plots and eating and destroying the root
CTOpS. Therefore the plots are continuously moved further from the houses, but due to popuiation
growth also new houses tend to be built further up the hiu, which is also displacing the problem.

The water pipe offers permanent and easy supply of all the adjacent viHages, but it is
frequently su]oject to rnanipulation and intentional damage. Also, since the new houses are built

further and further up the hiﬂ, the water pressure there is too small to guarantee constant supply.

4314 Thematic maps

Three thematic maps of Siviri were created (Figure 10 - Figure 12), showing the results of the
survey on land use, soil and water issues. The locations of the profiie pits (respectively infiltration

tests) are also displayecl.

Individual Sites 63



Egu.re 10- Thematic map of Siviri: Vegatation / based on land cover data retrieved trom retrieved
tfrom the Mﬂistry of Lands and Coog/e Farth images /
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Egu.re 11: Thematic map of Siviri: fa.rming area, land use / based on contour data retrieved from

retrieved from the Mnjstry of Lands /
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Egu.re 12- Thematic map of Siviri: Ag.ronomic potentja/ / based on contour data and agronomic
poten tial data retrieved from retrieved from the Mnistry of Lands /
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The (iisplayed agronomic potential and contour lines is GIS- data retrieved from the Ministry
of Lands which again is based on data from Paul Quantin (Quantin, 1998) Also the vegetation
codes were received from the Ministry of Lancis, for the 1egenci and a full-scale version of the maps
please refer to Annex I: Thematic maps.

Note the vast “white grass’- areas (GQ) in Figure 10. The dotted “farming area” is the land the
small farming plots are scattered on.

The pumping well ciisplayecl in F igure 11 and Figure 12is a single well that is not connected
to the main water supply networl{, which is a rather linear network of pipes supplieci l)y the main
well south-east of Siviri (Figure 12). The nil—potential area includes the very steep limestone—step
from the first to the second terrace, but right above and below that Clifi, still in the yeHow area,
iarming plots offering good conditions for farming can be iounol, which indicates that the zoning of

the agronomic potential is may]oe too coarse.
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43.15 Precipitation

43.15.1 Secondary Data

Long—term rain data for Efate is provided by the weather station at Bauerfield airport, and
since this automatic weather station is located at the west coast of the island, the mean annual
rainfall of the station, which is 2245.6 mm/a (see 4.1.1), could be attributed to Siviri. But Siviri
lies 20 km north of the airport, with several small mountain ranges with peaks of up to over 600
m 1ying in between, so the actual precipitation in Siviri can be significantly different, due to the
predominant macro weather situation (south— castern trade winds) most pro]:)ably lower.

SIMEONI (Simeoni, 2009) estimates the precipitation in the area in north-west- Efate to be
between 1000 and 2000 mm/a (see Figure 13)

Egure 13- [so/zyez,‘ zones on Flate /&meoné 2009}
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43.15.2 Primary Data

Since the claily precipitation data of Siviri was not handed over ]oy the Vanuatu Meteorology
and Geohazards Department, and the automatic weather stations assigned for the project haven't
been installed at the sites until now, the available precipitation data is very limited (Compare
Table 11) At Siviri, the monthly gauge could be installed during February. Therefore7 two full
months could be recorded there until the end of the work package. The value for Fe]oruary7 which
has only partly been recorded (orange in Table 11) was extrapolated using the mean precipitation

cluring the days of the measurement. Continuative reacling and collection of the data from the site

has ]:)een assured by DARD— meml)ers.

Date Rainfall Siviri (mm/month)
Gauge type [Small |Big

24.02.-29.02.|- 121
01.02.-29.02.|- 501
01.03.-31.03.|- 235
01.04.-30.04.|- 409

Table 11: Raintall Si Viri, recorded 2012

The precipitation in this period is significantly higher than the 1ong—time mean precipitation of

these three months recorded at Bauerfield airport, which is 330, 320 and 234 mm/month
(compare Table 10)

43.1.6 Ceology and Pedology
43.1.6.1 Secondary data

Ceological and pedological data of North- Efate was obtained from SOLS DE L’ARCHIPEL
VOLCANIQUE DES NOUVELLES HEBRIDES (VANUATU) by Paul Quantin (Quantin, 1993).

The foﬂowing section is based on the geological maps provicled in this book.

Siviri and its farming areas entirely lie on calcareous rock formations. The first terrace, down
at the coast, on which only a minor share of the farming areas he, is described as “formations
calcaires littorals recentes, récifs et p/ages de sables”. The translation would be “recent calcareous
coastal formations, riffs and sandy beaches”. All the higher areas lie on “formations calcaires
anciennes, p]ateaux et g.raa/ms Su.ré/evés”, “ancient calcareous formations, elevated plateaus and

terraces”.
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In Siviri7 conditioned i:)y the geoiogy, two main types of soil are found. In the coastal areas,
Quantin describes the soil as “sofs peu évolbs d. apport des formations marines recitales
recemment emerges - Hégoso/jques /sur sa[)/es/”, meaning “little developed soils originating from
marine, recentiy elevated riffs - regosoiic (on san(i). [n the more elevated areas the
characterisation is “sols & Sesquioxycfes de [er, sols [erszla/]itiques 4 reserve ca/cique /peu dbsaturés &
charactéres Vertfques/”, which is “soils containing iron- sesquioxides, iron—]oearing soils with

calcareous buffer (iittie unsaturateci, vertic character) .

Quantin also examined two soil proiiies in the area of Siviri (encocieci 319 and QD in the soil
atias, see Figure 14> He describes the soil in the area as homogeneous and little (ieveiope(i, in
principie varying oniy in colour (ciari{ brown to black at the suriace, dark red-brown to dark

brown in the downs).

Egure 14- Localisation of the proﬁ/e Dits, Ehate / Quantjn, / 998/

In the profiies, a calcareous and ciayisil A- horizon rich in humus down to 10-20 cm, ieaturing
well- defined aggregates, strong cohesion and strong permeability, lies on a transition horizon
which extends down to 10-30 cm. The B- horizon is similar to the A- horizon in structure and

coiiesion, but it shows a much reduced permeai)iiity. The transition to the parent rock is little

cieveiope(i and cieariy localised (see Annex V: Soil Data, Table 28)
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The piiysicai properties of Siviri’s soil can be found in Table 127 the chemical properties in

Table 13. The piiysicai properties that are described are the granuiometry, the structural stai)iiity,

the water retention capacity and the ciensity. The chemical properties that are described are

the organic matter
pH

Base excilange

Assimilable piiosoiior

Total elemental constitution.

Deptii of soil > 40 cm <40 cm

Horizon Al (B) Al (B) -A
Depth em  [0/10-15  40/50  [0/10-15  15/30
Granuiometry %

Organic matter 9.0-12.3 1.8-3.3 13.0-8.3 4.3
Clay 49.9-51.1  90.3-80.8 [65.9-46.7 91.1
Silt 153-281 43-6.5 12.7-29.0 3.7
Silt + clay 60.2-79.2  94.5-87.3 |[18.6-75.7 94.8
Fine sand 18.2-8.6 0.2-7.6 48-13.0 0.1
Coarse sand 7.1-3.2 1.9-3.3 3.0-3.0 0.7
Structural stabiiity %

Dispersion coefficient (A + L) 2.9 - 1.7- 1.4- 1.2
Aggregation coefficient 93.0 - 90.9 - 92.5 - 91.6
Water retention capacity %

Hygroscopicity 10.1-13.9 10.7-16.6 11.2-16.0 12.1
Huni(iity of fresh soil 42.4-60.1 51.6-56.2 |(43.1-39.0 49.1
pk, 2 - -69.9] -

pk, 3 02.3-00.7  62.6-59.3 [52.6-49.6 59.8
pk, 4.2 44.3-40.6  493-459 |44.2-45.1 49.3
Density - Porosity g/cmi

Bulk (iensity 0.81 x

Solid (iensity 2.54 x

Total porosity % 68.11 x

Microporosity % 48.06 x

Macroporosity % 20.05 x

NB - The anaiyses have been underta

X Density determined between 40 and 50 cm

ken on fresh soil and expresseci in relation to the same soii7 ciryed at 105° C

Table 12- Ph ysica/ soil properties Siviri / Quantin, / 998, translated for this work by the autﬁor}
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Depth of soil cm > 40 <40

Horizon Al (B) Al B) A
Depth 0/10-15  40/50  |0/10-15  15/30
Organic matter %o

Carbon 45.6-62.7 172-88 [68.1-41.7 225
Nitrogen 344462 1.65-0.75 6.71-2.93 249
C/N 11.5-13.6 104-11.7 10.7-14.2 9
pH (Water) 9.8-6.0 5.7-5.0 6.1-6.6 6.2
Base exchange A

Ca 31.0-43.7  295-29.4 165.9-56.6 485
Mg 712-123  35-39 8.5-158 4.6
K 0.19-0.31 0.05-0.06 [2.25-0.15 0.13
Na 0.25- - 0.92 - -
Sum 44.5-56.6  33.0-33.7 |76.6-72.5 53.3
Exchange capacity (pH =7) 52.0-59.6 38.5-38.1 |782-716 553
Saturation rate 80.3-95.0 85.9-88.4 [98.3-100 96.3
Assimilable phosohor p-p-m.

Py0; 40-12.0 0.0-0.0 8.0-3.0 0
Total elements %

Burn-up 30.2-312  26.5-26.8 |-31.9

Residue 20-3.2 0.57-0.51 |-2.6

5103 29.2-30.9 34.00-33.7 |-32.6

Aly03 20.6-14.6  25.5-19.6 |-15.8

FeyO3 15.8-154 144-154 |-12.7

510,/ Aly0; 24-3.6 2.3-29 9.0
SiOQ/(A1203+ FegOg) 1.6-2.2 1.7-1.9 2.3

Ti0y % (1.201-1.11 1.16-1.47 |-0.89

MnOy %  |-1.64 -0.81 -

P70; % (1.27-1.38 0.49-0.81 |1.03-0.33 0.7
Ca0 % |144-15.1 9.5-8.1 20.4-204 159
MgO %  [0.4-6.7 3.9-4.8 47-11.3 3.8
K50 % 0.7-0.3 02-03 1.72-0.26 0.5
NaQO %o 0.5 04

NB - The analyses have been undertaken on air- dry sieved soil (2 mm)and expressed in relation to the same air-dry soil

Table 13- Chemical soil properties Siviri / Quantin, 1 998, translated for this work by the autﬁozj
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43.16.2 Primary Data

In Siviri, oniy the soil of the main farming piots was investigated, which are all located on the
first limestone terrace or further up. These are also the areas that migiit be more important in the
future (compare section 221) The first proiiie lies within one of the main iarming piots close to
Siviri, right above the first ciiii, the second one is located further up the iiiii, within the “White
Grass™- area (iormer cattle grazing iand), and the third pit was dug on a fallow piot on the other
side of the ring road (see F igure 10 and Figure ii). For a detailed description of the profiie pits
piease refer to Annex V: Soil Data

The soil in Siviri appeared in the field as uniiormiy ciayisii and characterised ioy its
shaiiowness, the parent rock usuaiiy lies oniy 20 to 60 cm below the soil surface. At the sites of
the three proiiie pits, the soil is made up of two main iatyers7 sometimes a third can be oi:)served,
but it is not very distinct and rather a mix of the B- horizon with decomposed parent rock (see
Picture iB) The parent rock is uniiormiy weathered coral iimestone, and the stone can be found
in the form of outcrops or lose stone cover, covering 0-40 % of the surface. The soil itself is
consists of distinct, quite stable aggregates, the porosity is higil, and also due to remains of the
irequent fire clearance (iournt Wood), the soil is very soft and iigiit, iflaving a bulk density of less
than 1 g cm™.
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Picture 13- T ypjca/ soil prozg'/e Siviri

At every site (see Figure 10 and Figure ii), infiltration tests were carried out. The infiltration
rates were generaiiy iiigii, at vu / si-03 so iiigii that the 30 | of water that were usuaiiy available for
one test were not enougii for a constant iowering rate to arise (see Figure 15) Because of this
unusuaiiy iligil rate, the test there was repeate(i, but the piienomenon was confirmed. The
asymptoticai infiltration rates are 60 rnm/ii at vu/si—Oi and vu/si—02, and 510 mm/ii at vu/si—Oi,

wiiere]oy this result has to be treated with caution.
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Fjgure 19: Infiltration tests Siviri

The pH of the soil in Siviri ranges from 4.49 to 6.4. The bulk density is generauy very low, it

usuaHy lies below 1 g cm'l, Whereby the mean density is 0.84 g cm'l).

Site VU/SI-01 |VU/SI-02 | VU/SI-03
Infiltration (cm/h) 5 6 51
Horizon
#0 0.64 0.84 0.84
# Bulk density (g/cm3) | 0.92 0.87 0.95
#2
#3
#0 5.28 6.40 5.57
#1 pH (-) 4.49 6.25 4.92
#2
#3

Table 14: Overview on p/zysica/ and chemical soil properties, Siviri
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A more detailed (iispiay of the soil properties can also be found in the Soil Data Sheets (see Annex

V: Soil Data).

43.1.7 Summary of Investigations at Oiviri

The field survey showed that Siviri’s iarming areas are characterized by terraced land with
ciayisii, highiy aggregated soil that is shallow and uncieriying coral limestone that is highiy
permeabie. The pH— measurements both show a siightiy acidic soil. This and the measured
moderate water permeability and porosity (which is inverseiy proportionai to the bulk (iensity)
confirmed the data found in QUANTIN'S soil atlas. The cation exciiange capacity is iiigii, above
all in the very shallow soils (compare Table 13), and the total saturation rate is very high.

P recipitation data is insufficient to make proiounci statements, but the available data suggests
that it lies between 1000 and 2000 mm/a, most probabiy above 1500 mm/a.

Farming is practice(i mainiy on the upper limestone terraces of the isianci, in a traditional
manner, on small ciearings in the forest. The available farming area is limited ]oy the coast, the
cliffs and suppose(iiy the ciry “white grass’- areas. Oniy a remari{a]:)iy small portion of the
available iarming land is currentiy in use (compare the small “mixed piots” within the dotted

“Farming area’ in Figure 11)

43.2  Malafau

4321 General Information

All of the viiiages at this site experience wet conditions. For the work at iian(i, Malafau was
chosen as representative viiiage. It is situated on the bottom of a broad vaiiey at 17°34'S / 16817
E, 20 m above sea ievei, in between two rivers. All of the piots are located around the viiiage or
on the way from the viiiage to the ring roa(i7 SO they are all situated within the Vaiiey (compare
Figure 17) Being separate(i from Siviri oniy by 6.5 km horizontal ciistance, and a small range of
hills that do not exceed 140 m, the iarming conditions are different nonetheless. At Maiaiau, soil
moisture deficit is also a proi)iem ciuring the (iry season, but excess soil moisture (stress) and

ﬂooding of cropping piots are the main restrictions for farming there.
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43.2.2 Land Use

In Maiafau, the land is rnainly used for crop farrning, aciciitionally agrorrorestry and small-scale
animal hus]oanciry play a role. The whole viHage and its surrounding piots are arrangeci in a quite
regular, rectangular pattern, since it has been created more or less on the clrawing board when the
Villagers moved there from Siviri and had to cut the bush first.

The annual multi—crop garclen is the dominant farrning system (see Picture 14), whereby also
single—crop piots are cultivated (mainly banana). Usuaﬂy, piots are cultivated for three years, and
then left fallow for two years. Most garciens lie close to the ViHage, surrounding it in all clirections,
but plots used mainly for banana prociuction for the market stretch out to the ring road (ai)out
1.5 km from the ViHage). Fencing of the garciens is not common, but practiceci at some places.
The main crops are manioc, taro, yam, island ca]o]oage, papaya, coconuts, ]oanana, grape fruit,
sugar cane and sweet potato, all of which are staple Crops, but also serve as cash Crops. Banana is
the major income source in Malafau. In addition to those more common plants, also tomato, corn,
garlic and onion are grown.

Agroforestry is mainiy practiceci in the form of charcoal prociuction, but also whitewood
(En(iosperrnurn meduﬂosum) is cultivated as a cash Crop. A minor protection area north-east of

the viHage restricts farming there.

Picture 14- T ypica/ food garden of Malatau
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4323 Farmers Reports on Water [ssues

Ceneraily, conditions in Malafau are reporteci to be wet with occasional water 1ogging. On the
other hanci, first assessments showed though that farmers experience both pro]oiems with excess
water and clrought.

The soil in the vaHey is described by the viHagers as relatively uniform7 and so are the
conditions for farming. The oniy signiiicant piace where the conditions are different is close to the
ring roaci, where there are some piots near]oy a swamp. The VaHey is very flat (compare Figure 17)
and the river frequentiy floods ]oig portions of the farming piots. The water is reporteci to drain
away quickly though (Within about one ciay after the rain fall stops), but the grounci water level
can stay high for a ionger perioci, so that some depressions can experience proionged water
iogging.

On the other hand, farmers feel restricted lay the a,vaiiabiiity of water ciuring the dry season,
for exampie, in the farming season 2012 some farmers needed 3 attempts to finauy successfuﬂy

piant tomato seecﬂings without the seecﬂings drying up.

4324 Thematic maps

Three thematic maps of Malafau were created (Figure 16 - Figure 18), showing the results of
the land survey on land use, soil and water issues. The locations of the profiie pits (respectively

infiltration tests) are also dispiayeci.
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Egu.re 10- Thematic map of Malatau: Vegatatjon / based on land cover data retrieved from
retrieved from the Mnfstry of Lands and Coog/e Farth images /
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Egu.re 17- Thematic map of Malatau: fafmjng area, land use / based on contour data retrieved
trom retrieved from the Mnistry of Lands /
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Figure 18 Thematic map of Malatau: Agronomic poteﬂtja/ based on contour data and agronomic
8 8! 8
poten tial data retrieved from retrieved from the Mnistry of Lands /
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The (iispiaye(i agronomic potentiai and contour lines is GIS- data retrieved from the Ministry
of Lands which again is based on data from Paul Quantin (Quantin, 1998) Also the vegetation
codes were received from the Ministry of Lands. For the iegenci and a full-scale version of the
maps piease refer to Annex [: Thematic maps.

Malafau's iarming area is quite uniiorm7 and the piots are (ienseiy sprea(i within it aiong the
gravei road that leads to the Viiiage, further away from it they become less dense and reguiar,
i)eing scattered in the bush in a similar manner as in Siviri. Many piots lie close to the river,
where the land is flat and iiigii water levels in the river result in iiooding of ]oig parts of the area
(compare Figure 17)

4325 Precipitation

43.25.1 Secon(iary Data

The weather station at Bauerfield Airport is again the closest source for iong—term rain data
and since this automatic weather station is located at the west coast of the isianci, the mean
annual rainfall of the station, which is 2245.6 mm / a (see 411), could also attributed to Malafau.
But Malafau lies 15 km north of the airport, with a small mountain range with of up to over 400
m iying in ]oetweem7 so the actual precipitation in Malafau can be significantiy different. SIMEONI
(Simeoni, 2009) estimates the precipitation in the area (north—west— Eiate) to be between 1000
and 2000 mm/a (see Figure 19)
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E’gure 19- [Soéyet zones on Flate /&meoni, 2009/

43252 Primary Data

Since the daily precipitation data of Port Havannah, which is recorded by the Vanuatu
Meteorology and Geohazards Department, was not handed over, and the automatic weather
station assigned for the project has not been installed at the site until now, the available
precipitation data is very limited (compare Table H) At Malafau, the gauges could be installed
during February. Therefore, two full months could be recorded there until the end of the work
package. The value for February, which has only partly been recorded (orange in Table 15) was
extrapolated using the mean precipitation during the days of the measurement. Continuative

reacling and collection of the data from the site has been assured ]oy DARD- members.
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Date Rainfall Malafau (mm/month)
Gauge type |Small |Big

17.02.-29.02. 110 105
01.02.-29.02. 266 253
01.03.-31.03. 230 297
01.04.-30.04. 433 422

Table 15: Raintall /Ma/a/ézu, recorded 2012

The precipitation of Fe]oruary and March is lower than the iong—time mean precipitation of

these three months recorded at Bauerfield airport, for Aprii it is significantiy higher (compare

Table 10).

4.3.2.6 Ceology and Pedology
43.2.6.1 Secon(iary data

Geoiogicai and pedoiogica,i data of North- Efate was obtained from SOLS DE L’ARCHIPEL
VOLCANIQUE DES NOUVELLES HEBRIDES (VANUATU) by Paul Quantin (Quantin, 1998).

The foiiowing section is based on the geoiogicai maps provideci in this book.

The farming areas of Malafau lie on young fluvial land. Paul Quantin described it as
“Alluvions Huviatiles récentes, sab/euses, des p/az'nes d'etfondrement récentes, en majeure partie
provenant des tufs Vo/caniques”, which is “recent sanciy fluvial aiiuvium, recentiy coiiapseci piains,
mainiy developed from volcanic tuffs”.

The soil is described as “sols peu évolubs d' apport alluvial moc/aUX”, “Jittle cieveiopeci soils from
modal alluvium”.

In the vaiiey of Malafau, Quantin described one soil profiie (encocie(i 318 in the soil atias, see
Figure 14) He describes a (ieep soil with thick A to D- horizons, the A- Horizon ]oeing i)rown—grey
to i)rown, containing humus and ]oeing of iumpy, sandy—ciayisii to sanciy structure. The cohesion is
medium and the permea]oiiity high. The C to D horizons are brown—grey with a reddish
complexion, the structure more sandy and the permeability as well as the cohesion and the
rooting are (iecreasing down to the parent materiai, which can be found below 80 ¢cm and is of a

grey—brown colour. It is also noted that sometime a iiyclromorphic layer with strongiy reduced

permeabiiity can be found below the topsoii (see Annex V: Soil Data7 Table 29)
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The physical properties can be found in Table 167 the chemical properties in Table 17. The
physical properties that are described are the granulometry, the structural stability, the water

retention capacity and the density. The chemical properties that are described are

the organic matter
pH

Base exchange
Assimilable phosohor

Total elemental constitution.

Depth cm [0/20 60750
Cranulometry %

Organic matter 5.76 0.38
Clay 22.14 11.22
Silt 17.79 12.83
Silt + clay 39.93 24.05
Fine sand 33.178 40.36
Coarse sand 20.61 3.2
Water retention capacity %

Hygroscopicity 5.76 4.36
Hunidity of fresh soil 31.8 35.07
pk, 3 347 36.8
pF, 4.2 214

NB - The analyses have been undertaken on fresh soil and expressed in
relation to the same soil, dryecl at 105° C

Table 16- Ph ysz'ca/ soil properties Malatau /Mamna /,' / Quantin, 1 99(9, translated for this work
b )4 the aut]zozj
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Horizon Al (B)
Depth 0/20 60/80
Organic matter %0

Carbon sl.1 2.13
Nitrogen 3.26 0.27
C/N 9.5 3

pH (Water) - 7 7.1
Base exchange %

Ca 22.88 9.36
Mg 4.02 3.8

K 1.54 2.17
Na 0.16 0.14
Sum 28.6 15.47
Exchange capacity (pH :7) 30.12 16.66
Saturation rate 94.9 92.9
Assimilable phosoiior p-p-m.

P70s - 1.06
NB - The anaiyses have been undertaken on air—ciry sieved soil (2 mm) and
eXpresse(i in relation to the same air-ciry soil

Table 17- Chemical soil properties Malatau //Warona /,' / uantin, 1 998, translated for this work
b )4 the autﬁozj

43.2.6.2 Primary Data

The sites for the soil proiiies in Malafau (see Figure 16 and Figure 17) were chosen in such a
way that proiiie one and two represent the main iarming areas close to the Viiiage. Profile three
lies down at the ring road to Port Viia, where piots are used ]oy the viiiagers, but the usage is
limited due to a swamp. Unijortunauteiy7 at the intended site for the second proiiie pit the
infiltration test was carried out, but the pit could eventuaiiy not be (iug because the yam has not
been harvested yet. In Vanuatu cuiture, yam is notiiing to interfere with.

In the iieid, the soil in the Vaiiey of Malafau appeare(i very little (ieveiope(i. The ciayisii A-
horizon oniy has a deptii of 15-30 cm, shows medium- sized aggregates and lies on several iayers of
iiuviai, sanciy sediments. These seciiments, most pro]oai)iy consisting of fluvial tuii, contain very

little carbonates (0—2%), and roots are abundant until at least one metre cieptii. Ceneraiiy, the soil
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is very 1ose, it is sandy and shows little cohesion. Also, the density is very low (< 1 g cm’g). The
profile close to the viHage showed a clayish intermediate 1ayer, probably an ancient A- horizon,
now buried underneath more recent fluvial sediments. A succession of different 1ayers of sandy
and clayish character could be observed down until the bottom of the pit (>130 cm, see Picture
15), the same is true for the profile close to the ring roacl, where the observation was limited by
the high groundwater table (at 89 cm). There, the B- horizon features red and greyish spots
indicating an undulating groundwater table.

For a detailed description of the profile pits please refer to Annex V: Soil Data.
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Picture 15: T ypica/ soil proﬁ/e Malatau

At every site, infiltration tests were carried out. The infiltration rates were generaﬂy very high
(180 to 240 mm/h), at vu/ma—03 the infiltration rate even increased towards the end of the
experiment (Figure 20) The last few data points have not been included in the analysis because
the rise of the rate was accompanied by high visible activity of earthworms in the cy]inder (most

probably escaping earthworms dug tunnels that increased the infiltration rate).
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E’gure 20- Infiltration tests Malatau

The pH of the soil in Malafau lies in the narrow range of 6.21 to 6.68. The bulk density is

generaﬂy very low, it lies below 1 g cm™ throughout, Where]oy the mean clensity is 0.74 g cm™.

Site VU/MA-01VU/MA-02(VU/MA-03
Infiltration (cm/h) 24 18 18
Horizon

#0 0.77 - 0.80
#1 Bulk density (g/cm3) 0.69 - 0.72
#2 0.65 - 0.79
#3 0.74 -

#0 6.64 6.31
#1 pH (-) 6.62 6.28
#2 6.68 6.21
#3 6.60

Table 18- Overview on p/zysjca/ and chemical soil properties, Malatau
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A more detailed (iispiay of the soil properties can also be found in the Soil Data Sheets (see
Annex V: Soil Data).

43.2.7 Summary of Investigations at Malafau

Malafau’s agricuiturai land is characterised by the field survey as levelled land in a Vaiiey—
bottom (see Figure 17) with little cieveiopeci, cieep rnuity—iayer sanciy soil with a siiaiiow, more
ciayisii topsoii iayer. It lies on fluvial san(iy sediments and shows little cohesion and roots are
abundant. The bulk (iensity is very iow, the hy(irauiic Conductivity very higii. All this confirms
QUANTIN’S observations in this Vaiiey, who also found a very low water retention capacity. Oniy
the soil pH measured for the work at hand is not neutrai, as QUANTIN determined it, but it is
Inocierateiy atci(i7 which can be a result of the (iiiiering measuring teciiniques (Water vs. 1 M KCl
soiution). The cation exciiange capacity is iow, whereas the total saturation is iiigii.

Precipitation data is insufficient to make proioun(i statements, but the available data suggests
that it lies between 1000 and 2000 Inm/ a, most proi)a]oiy above 1500 rnrn/ a.

Farming is mainiy restricted by irequent i]oociing of the piots ioy the river and water iogging
due to iiigii grounciwater tables. During the ciry season, a low groun(iwater table and the iiigii

iiycirauiic conciuctivity of the soil are resuiting in water stress.

43.3 Middle Bush

433.1 General Information

The stuciy site Middle Bush is situated around 19°2732’S/ 169°1820°E on a iiigii piane about
350 m above sea level. On Tanna, there is an active volcano (Mt Yasur), about 15 to 20 km from
the stuciy site. Alone due to the elevation and the fact that the soil genesis is ciiii‘eirent7 the
conditions for iarming there are very different from the ones at the other two stu(iy sites, Wiierei)y
the viiiages in the area all experience the same pro]oierns. Generaiiy the soil in the area is cieep
and ciayisii.

[n Middle Busiu, water is a i)ig issue. Conditions are wet and the area reiativeiy iiat, which
makes the area prone to iiOO(iing and water iogging due to iieavy rain in the area (compare Figure
22) Fioociing and su]osequent excess soil moisture represents a major threat to the yieicis of the

iarniers, but some areas are also subject to cirougiit ciuring the ciry season.

90 Individual Sites



4332 Land Use

The arable land of Middle Bush is rnainly used for crop farrning, additionaﬂy agroforestry
plays a role. Small-scale animal hus]oandry for domestic use is common, cattle ]oreecling is also
practiced.

The regular farming system is the annual multi—crop garclen, whereby the different crops
within one plot are rnostly arranged in a specific way according to kastom (e.g. taro around
maniok). The plots are scattered around the viﬂages (cornpare Figure 22), sometimes arranged in
a regular, rectangular way with dams in between them. Fencing is not common. The main crops
are manioc, taro (including some water taro), yam, papaya, peanuts, coconuts, banana, island
ca]obage, sweet potato, grapetruit, coffee and kava. Aclditionauy, rice is grown to a varying extent.
Coffee and kava are grown extensively, coffee serves as cash crop only, also kava is sold at the
market to a ]oig extent.

Practiced agroforestry includes the production of sandalwood and “whitewood” (Endospermum
meduﬂosum) for the wood marl{et, together with some charcoal production.

P oultry and pigs are the base of small scale meat procluction for subsistence, whereby pork

serves more ceremonial purposes. Cattle is almost exclusively bred for the market (rnainly at

Lenal{el).
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Picture 16- T ypjca/ tood ga.ra/en of Middle Bush

4333 Farmers Reports on Water [ssues

Since just recently, in 2011, laig areas of the land have been ﬂoocled, the awareness of the
problem is high. But ﬂooding occurs frequently, and the farmers have concepts to deal with it:
once a plot is ﬂooded, they would usuaHy dig a channel through the small dams that usuaHy
separate the plots, and then the water is released to the next plot. Doing that, the water would
eventuaﬂy reach the creek (compare Figure 22) Recently, many farmers have abandoned good
farmland because they fear to lose their Crops due to anew ﬂoocling.

Another big issue is drinl{ing water: there are not as many rain water tanks in Middle Bush as
in other areas of Vanuatu, so not everyone has access to rain water for drinl{ing, cooking, Washing
clothes or personal hygiene. The viHagers then usuauy have to get water from the creeks, which

involves a W&H{ that tal{es one to two hours return.
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4334 Thematic maps

Three thematic maps of Middle Bush were created (Figure 16 - Figure 18), showing the results
of the land survey on land use, soil and water issues. The locations of the profile pits (respectively

infiltration tests) are also displayed.
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Egu.re 21: Thematic map of Middle Bush: Vegatation / based on land cover data retrieved from
retrieved from the Mnfstry of Lands and Coog/e Farth images /
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Egu.re 22- Thematic map of Middle Bush: zézfmjng area, inundation areas / based on contour data
retrieved trom retrieved from the Mnist.ry of Lands /
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Egu.re 23 Thematic map of Middle Bush: Ag.ronomjc poteﬂtja/ /basea/ on contour data and

agronomic potentia/ data retrieved from retrieved from the Mnistry of Lands /
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The (iisplayed agronomic potential and contour lines is GIS- data retrieved from the Ministry
of Lands which again is based on data from Paul Quantin (Quantin, 1998) Also the vegetation
codes were received from the Ministry of Lancis, for the 1egenci and a full-scale version of the maps
please refer to Annex I: Thematic maps.

In Figure 21 to Figure 23, the main characteristics of Middle Bush’s farming area can be seen.
It is a big7 quite densely populated, only slightly undulating area, Where, in case of heavy rain, big
potions of the land are flooded by temporary runlets and pools. The runlets marked in Figure 22
can swell to big rivers and feed pools that persist for months and therefore ciestroy the harvest.

That is w]ny, all along those runlets, abandoned iarming plots can be found.

43.3.5 Precipitation

43.35.1 Secondary Data

Since the automatic weather station at Whitegrass airport is located at the west coast of the
islan(i, almost at sea 1eve1, the recorclings of this station (12776 mm / a), cannot be attributed to
the area of Middle Bush. Tanna has a more prominent central massive than Efate, and as Middle

Bush lies on this ridge it will receive more rain than what results from Burtonfield and Whitegrass

indicate. SIMEONI (Simeoni, 2009) estimates the precipitation in Middle Bush (“Centre Brousse”)
to be around 2500 rnm/a (see Figure 24)
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E’gure 24 [soh yet zones Tanna /moa/jzgec/ after Sfmeoni, 2009/

43352 Primary Data

Since no automatic weather station will be installed at Middle Bush for this project, and the

daily precipitation data was not handed over by the Vanuatu Meteorology and Geohazards

Departrnent, the available precipitation data is very limited (compare Table 19) At Middle Bush,

the gauges could be installed lay the beginning of April only. Therefore, only one full month could

be recorded there until the end of the work package. Continuative reading and collection of the

data from the site has been assured ]oy DARD- members.

Date Rainfall Middle Bush (mm/month)
Gauge type |Small |Big
01.04.-30.04. 204 244

Table 19- Raintall Middle Busé, recorded 2012

938
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The precipitation in this period is signiﬁcantly higher (almost twice the Value) than the 10ng—
time mean precipitation of this month recorded at Burtonfield airport (compare Annex III:

Vanuatu rain gauges, Table 26).

43.3.6 Ceology and Pedology
43.3.6.1 Secondary data

Geological and pedological data of North- Efate was obtained from SOLS DE L’ARCHIPEL
VOLCANIQUE DES NOUVELLES HEBRIDES (VANUATU) by Paul Quantin (Quantin, 1993).

The fouowing section is based on the geological maps proviclecl in this book.

The centre of Tanna, and therefore the whole area of Middle Bush, has tuff as parent rock.
Quantin categorises it as “bormations VO/caﬂfques intermédiaires /Pz@jstoa‘ane/: p/ateau de tufs

éasa/tiques”, “intermediate volcanic formations (Pleistocene): basaltic tuff plateau".

According to Quantin, Middle Bush's soils are “andosols a pfozg'/ a/fz[fereucje, saturés,
c/zroquues, comp/exes, cendres aua/ésftiques récentes sur roches [)asa/tjques p/éjstodenes, Andosol
saturé modal. Epais de 142 m, et pa/éoso/ brun sur tufs 6asa/tiques”, which can be translated as
“Andosols with differenciated profile, sa,tura,ted, chrome- containing, complex, andesitic recent
ashes on basaltic pleistocenic basaltic rock. Saturated andosol, between 1 and 2 metres thicl{, and

brown paleosol on basaltic tuffs”.

Quantin examined several soil profiles in Middle Bush, here profiles nr. 51) and 107 are
described (série centre-Brousse and série de Lonamilo, see Annex V: Soil Data, Table 30 and
Table 31) Nr. 515 lies in central Middle Bush, 107 on the northern edge of the project site.
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E’gure 29: Locations of the proﬁ:/e Dpits, 1 anna / Quaﬂ tin, 1 998/

Quantin describes very deep soil, which is rich in primary minerals, Whereby the upper
horizons are rich in unaltered plagioclases and magnetite, and the fraction below 2 U mainly
consists of amorphous substances and traces of clay. The portion of c]ay increases in deeper 1ayers,

which transcend to brown earth. In northern region (profile 107) the upper 1ayers are sirnilar, but
the layers deeper than 60 cm constitute of a high portion of clay (Table 30 and Table 31)

In Table 20, the physical properties, in Table 21 the chemical properties can be found. The
physical properties that are described are the granulometry, the structural stability, the water
retention capacity, the density and the specific surface. The chemical properties that are described

are
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- the organic matter
- pH
- Base exchange

- Assimilable phosohor

- Total elemental constitution

Profile N 01o 107

Horizon AL AIZ(B) (BIC NM(BC (AL ALB) TI(B)

Depth em (020 §0-100 150-170 210-230  {0-20 20-45 100
Cranulometry <<2mm) %

Gravel 0 0 0 0 0 0.2 0
Organic matter 6.0 2.49 1.2 0.56 6.49 3.39 0.67
Clay 6.67 18.57 20.08 15.69 20.89 27.68 65.18
Silt 6.16 12.55 14.14 16.34 12.09 2141 30.16
Silt + clay 12.85 3112 34.22 32.03 32.98 49.09 95.34
Fine sand 71.78 63 61.56 39.12 99.61 46.3 3.81
Coarse sand 3.04 3.39 297 28.29 0.92 1.22 0.18
Structural stability %

Dispersion coefficient (A + L) 28.8 19.5 35.1- 4.6 4.5 3
Aggregation coefficient 50.6 39.4 40.7 - 74.4 67.5 86.6
Water retention capacity %

Hygroscopicity 3.96 7.0 11.73 14.56 0.83 9.77 23.11
Hunidity of fresh soil 45.28 46 62.3 61.26 42.22 35.67 1743
pk, 3 4711 50.52 05.35 61.7h 41.17 37.67 78.68
pl', 4.2 21.32 21.23 40.09 30.38 29.64 2).78 66.09
Density -P orosity

Bulk density g/om? 0.93 0.77 0.64 0.02{-

Total porosity % 61.6 66.5 4.7 79.51-

Specific surface m? / g b 38 117 32|-

Specific surface <2u 176 175 - 132(-

NB - The analyses have been undertaken on fresh soil and expresse(l in relation to the same soil, (lryed at 105° C

Table 20- P, ]Jysjca] soil properties Middle Bush / Quantjn, 1 99(9, translated for this work by the
aut/zor/
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Profile Ne 51h 107

Horizon All AZ(B) (BIC I(BC[AL A12(B)  T(B)
Depth cm 0-20 80-100 150-170 210-230 0-20 20-45 100
Organic matter %o

Carbon 33.9 13.65 6.66 2.88 35.9) 17.93 3.14
Nitrogen 3.4 143 0.58 0.19 3.76 1.56 0.3
CN 10 9.5 115 154 9.5 115 10.5
pll (water| 9.9 6.5 6.5 6.5 6.9 6.6 9.0
Base exchange %

Ca 14.06 8.76 10.33 15.77 17.13 13.38 4.95
Mg 2.1 1.56 2.1 9.99 2.6 3.46 2.86
K 0.46 1.59 2.86 4.68 1.22 1.82 4.44
Na 0.37 0.31 0.59 0.8

Sum 16.99 12.22 16.5 21.24 20.95 18.66 12.25
Exchange capacity (pH =T) 21.64 18.34 21.96 32.52 224 21.53 2447
Saturation rate % 785 666 751 838 935 867 501
Assimilable phosohor p.p.m. (Troug)

P05 300 28 110 70 50 100 23
Total elements %

Burn-up 13.51 14.2 16.26 20.52 15.45 10.41 21.38
Residue 64.23 50.27 42.08 23.12 58.36 44.46 2.21
5i0y 12.33 18.35 19.89 21.62 14.49 1791 30.77
Aly0y 3.95 1.72 10.04 14.56 5.02 128 23.88
Fes03 3.64 6.58 8.05 10.73 458 10.25 13.92
SiOz/Algog 9.31 4.04 3.37 3.23 491 2.23 2.19
5102/ (ALyOg+ FesOs) 3.34 2.62 2.23 2.2 3.1 1.53 1.6
Ti0, %o 0.24 0.48 0.63 0.85 0.39 0.92 113
Mn0, %o 0.07 0.16 0.21 0.26 - 0.29 0.3
Py05 %o 3.1 4.6 3.4 3.6 2.33 3.83 3.04
Ca me/100 ¢ 25.32 2282 31.8 34.23 2232 38.16 5.18
Mg me/lOO g 16.37 31.25 51.09 40.67 14.19 29.26 10.07
K>0 me/100 g 191 2.76 4.88 6.58 1.7 743 4.95
Naz0 me/100 7.74 6.77 11.61 5.16 - 16.13 -
Hygroscopicity %, (lry soil (105 °C) 3.56 5.77 8.73 12.73 5.83 5.8 23.11
NB - The analyses have been undertaken on air—(lry sieved soil (2 mm) and expressed in relation to the same air—dry soil

Table 21: Chemical soil properties Middle Bush / Quantiﬂ, 1998, translated for this work Ay the
aut/zwj

43.3.6.2 Primary Data

The profile pit sites in Middle Bush are spread all over the area (see Figure 16 and Figure 17),

aiming to include sites with different characteristics. All sites lie within agricultura] lancL Whereby
the location of pit one itself is 10cauy covered with wild cane, pit two lies within grassland that is
sometimes grazed by Cattle, pit three lies on a plot that is currently in use. All the three sites are
close to areas that are subject to ﬂooding and water logging. Profile one and two were dug at side-

cuts of roads, both are next to areas that become waterways when the region gets ﬂooded, but
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they are rareiy affected because of the local topography (their positions close to sioping territory).
Pit three is also on terraced iand, but nevertheless it is reportediy suhject to iiooding.

The A- horizon is ioarny or ciayish, and almost uniiormiy about 70 cm deep, the B-horizon
stretches down to one metre or more and consists of sandy ciay ioam, both horizons show reddish
colours (see Picture 17) Down to 1.5 m no parent rock whatsoever could be reatched7 and at side-
cuts of roads or at heaviiy eroding creeks it becomes evident that the soil is several metres deep,
which is also supported hy stories of the locals. However, roots have hardiy been observed below
70 cm. Aggregates are observable but they are smaller than on Efate and range from stable to
unstahie, the bulk density is comparahie to the one at Siviri and lies around 1 g cm?®. The
carbonate test could not be conducted on Tanna because the hydrochloride acid could not be
made available there.

For a detailed description of the proiiie pits piease refer to Annex V: Soil Data.
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Picture 17- T ypjca/ soil prozg'/e Middle Bush

At every site (see Figure 21 and Figure 22) infiltration tests were carried out. The infiltration
rates were generaﬂy low (2 to 7 mm/ }1) At vu / mi-01 the infiltration rate increased at towards the
end of the experiment, Whereby the last few data points have not been included in the analysis
because the rise of the rate was accompaniecl by high visible activity of earthworms in the

cylinder (Figure 26, most probably escaping earthworms dug tunnels that increased the
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infiltration rate). The more regular fluctuations are a result of the lower initial infiltration rates

and the precision of the water level measurement (+ / -0.5 mm).

E’gure 20- Infiltration tests Middle Bush

The pH of the soil in Middle Bush lies in a narrow, acidic range from 5.16 to 5.60. The bulk

density is generauy very 1OW, it usuaHy lies below 1 g cm'l7 Where]ay the mean density is .84 g

Cme.
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Site VU/MI-01 [ VU/MI-02 |VUI/MI-03
Infiltration (cm/h) 7 5 5
Horizon

#0 1.03 1.03 0.92
# Bulk density (g/cm3) | 0.65 0.76 0.74
#2

#3

#0 5.16 5.30 5.41
#1 pH (-) 5.60 5.27 5.43
#2 5.28

#3

Table 22- Overview on p/z ysica/ and chemical soil properties, Middle Bush

A more detailed (iispiay of the soil properties can also be found in the Soil Data Sheets (see
Annex V: Soil Data).

433.7 Summary of Investigations at Middle Bush

The area of Middle Bush was characterised i)y the field survey as levelled land (compare
Figure 22) with several metres cieep, ioamy or ciayisii, rather iigiit and mocierateiy aggregated soil
with a thick topsoii, which is in accordance with QUANTIN'S results. An almost neutral pH like

QUANTIN determined it could not be coniirmeci, the results here show a more acid soii, which
can be a result of the (iiifering measuring techniques (Water vs. 1 M KCl soiution). The iiycirauiic

conductivity is partiy very iow, the cation exchange capacity is mocierate, the percent base
saturation is rather iiigil.

Precipitation data is insufficient to make profoun(i statements, but the available data suggests
that it is around 2000 mm/ a, most pro]aa]aiy more than that.

In Middle Busii, the main restriction for iarrning in are the irequent iioociings by temporary
runlets and poois that form after heavy rain (compare Figure 22) and can persist for months due
to the low iiy(irauiic conductivity of the soil. As a resuit, also gooci agricuiturai land is not in use

aiong those irequentiy flooded areas.

106 Individual Sites



Individual Sites 107



108 Individual Sites



5 Interpretation

5]. Generai

When iooking for evidence for climate Cilange using the available meteorological ciata, no
signiiicant linear trend can be iounci, except in the temperature recorded at Bauerfield. This data
series is the iongest and shows a positive temperature trend that is supporteci ]oy the iiigiiest R?
(see Table 9) Concerning deviations of the seasons from “normai”, the increase of the deviation of
5-month-means ioy approximateiy 0.24 mm/ a looks moderate. The progressions of the mean
precipitation for each month separateiy on the other hand (Tabie 10) can support the farmer’s
impressions that both the transition between the seasons become less defined and that the seasons
become more intense: The trend of Aprii, usuaiiy signiiying the end of the rainy season, shows a
trend to receive more rain, as well as the next three months (stiii far less pronounceci), and the
second half of the ciry season shows to receive less and less rain. Tai{ing climate cilange into
account, the risk of the iii{eiy scenarios that lead to water <ieiicit7 excess water, temperature stress

or any other worsening of iarming conditions, is to be regarcieci as higii, since the vuineraioiiity of

the current agricuiturai system is iligil.

Another issue that has to be dealt with when taii{ing about threats to Vanuatu'’s agricuiture
are the numerous invasive species, like the Leucaena /eucocep/za/a (kasis) tree, that was
introduced to Vanuatu as cattle feed and for nitrogen iixation, or even more dominant the
creeping vine Merremia pe/tata (i)ig lif rop) that has reporte(iiy been introduced to the islands
ciuring World War II i)y the American army for camouﬂage purposes. As well as Mikania
micrantha (arnerii{a,n rop), which is spreaciing fast on the islands the Americans ran Iniiitary bases
at, like Efate and Santo, siiutting off iigiit from the trees tiiey climb and strangiing them (see
Picture 18)

The effects of ciianges in the land use regime (causeci i)y the formation of aggiomerations and
the consequent intensification of agricuiture, or the cultivation of less suitable areas due to
resettlements of viiiages) also deserve close attention, as well as the raising involvement of

Vanuatu’s rural popuiation in cash- economy.
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Picture 18- Invasive vines sﬁutting off szm/zgﬁt tfrom the crops

What can be deduced from the little rain date data that has been collected with the self-made
rain gauges is that the data of the two types of gauges fits quite well together. Given the fact that
commercial gauges may have an error of up to 50%, the relative error of the gauges, being 29%
the most (relative aberration of the accumulated monthly rain from the daily gauge from the
monthly gauge), seems to be acceptable. Note that the absolute €rrors, above all of the values for
February, might be big though, since these values are only deduced from a few clays of
measurement. Else, it is hard to deduce 1egitimate statements from this pool of data. In the
recorded period of time, precipitation in Siviri seems to have been higher than in Malafau, and
Middle Bush was a lot dryer in Apri] than at the other two sites.

Generauy, data acquisition in Vanuatu proved to provide a variety of chauenges. The time it
takes items to be shipped to Vanuatu on the infrequent freight ships often easily exceeds the
length of a research stay, and chemicals or other restricted substances (like soil) are hard to get
through custom. Some basic instruments, like a gauge auger, soil samp]ing cylinders or a metal
cylincler for infiltration tests could simply not be made available with reasonable effort, and the
available instruments were often of insufficient quality (like the GPS- device7 that did not allow

the determination of the area of small plots or of the elevation of tracking points in sufficient
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accuracy). After some initial problems with the acquisition of instruments, also the secondary
data acquisition was characterised by 1ong official channels and unanticipated obstacles.

Due to pro]olems with the GPS- device (low accuracy plus some undesired but hard to avoid
function when setting the Waypoints), a big part of the collected topographic data (a]oove all from
Siviri) had to be dismissed but could partly be collected again. Doing the mapping alone also
raised some problems, due to lack of information about the locations of the plots and due to the
many items that need to be used / carried (CPS, camera, bush knife, note]oool{), but it was hard to

get assistance at every field survey.
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5.2 Siviri

On the limestone terraces of Siviri conditions are (iry, sometimes to the extent that it is
endangering the stapie crops of the community. These ciry conditions are ioasicaiiy the

consequence of three iactors:

1) Small thickness of the soil
2) High hy(irauiic conductivity of the soil and un(ieriying rock

3) Low precipitation
ad 1:

At the spot of the soil test sites the thickness of the soil is oniy around 20- 60 cm, and
everywiiere there is parent rock ]oreai{ing through the surface. The soil itself is rather ciayisifl, but
also there are many macro pores due to the abundance of sta]aie, round aggregates arrangeci in a
iight soil matrix. In times of low precipitation, once the water in the macro pores has drained

away, the accessible water for piants is limited.
ad 2:

The iiigiiest infiltration rate was measured in Siviri, also the mean infiltration rate is iiigii.
Quantin also found that the iiycirauiic perrneai)iiity of the upper iayer is very iiigii. This higii
cirainage capacity of the soil results from the iiigii porosity.

Furthermore, the uncieriying parent rock in this area is weathered coral limestone. Coral
limestone has a high porosity due to its origin, and a(iciitionaiiy, as it is very caicareous, it is very
weathered and soft. The cieptii to the grounciwater table on the terraces is presumai)iy in the
order of at least several meters, tiius, the accessible water to piants is limited in times of

inirequent precipitation.
ad 3:

The precipitation in Vanuatu is generaiiy iiigii, in this area (nortii Eiate) it is expecte(i to be
siigiltiy below 2000 mrn/ y. Tiiougii, at the site of the viiiage and on the siopes where the iarrning
piots are iocated, the inhabitants of the area have the sui)jective impression that the precipitation
is reiativeiy low cornpare(i to other areas on Efate and that precipitation is getting iess, especiaiiy
ciuring ciry season. Lhat Siviri receives less precipitation than Malafau could not be confirmed ]oy

the rain measurements that have been undertaken (iuring this research stay, but the iiigii
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uncertainty that arises from the short data series that could be obtained of this data needs to be

considered.

On the iong run, soil erosion and 1eaching could become a major threat to agriculture in Siviri.
The erosion that can be observed after heavy rain does not heaviiy affect farming yet, but has to
be pai(i attention to, especiaﬂy under consideration of the shallowness of the soil and the
potentiaﬂy growing popuiation. The soil is aiready covered ]oy stones to a big extent, and rock
outcrops are abundant, especiaHy close to the first cliff. Aiso, an eye should be kept on soil
aciclity. The soil at Siviri’s farming piots is generaﬂy acici, Whereby the most intensiveiy used plot
that was tested (VU/ SI—Ol) shows the lowest pH, which can be a result of high 1eaching due to
intensive farming and high hycirauiic conductivity. Quantin’s results (compare Table 13), that do
not indicate that ieaching isa problem, are several decades old and may]oe are not valid any more.

A growing population could also lead to insufficient drinl{ing water supply during the ciry
season, since the water source is reported to occasionaﬂy run ciry that time of the year, and the
water storage tanks for the houses on the upper terraces don’t work in a satisfactory manner

a,ireacly.
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5.3 Malafau

After the first investigations it seems that the problems related to excess water are rather
prob]ems caused by ﬂooding than water logging. The Vaﬂey is very flat (0—2% estimated) and the
river close to the viHage is frequently escaping its river bed. As reported by the locals, some
farming plots would then be up to one meter and more under water. But all interviewed farmers
agreed that the water would be gone within a few hours once the rain is gone. The obtained
primary and secondary data also shows that7 on average, the infiltration rates in Malafau are
high, higher than in Siviri (the 51 em bl at VU/SI—O?) have to be regarcled as an outlier).

However, around the houses (in local clepressions) it was witnessed that after heavy rain the
water would sometimes stay for several days, and also at the farming plots Crops happen to be
damaged. During the investigated time period (micl February until the end of April), the
measured precipitation was 20% less than in Siviri though. The soil layers are ]oasicauy sandy and
non- calcific on fluvial parent rocl{, and they show a high hydraulic conductivity, so once there is
excess water it is easily drained from the farrning plots. This is not true for a few sinks that lie
close to the groundwater ta]ole, and for areas that show a buried topsoil layer. But these areas are
harcﬂy used for farming now, and if, only banana is grown on them currently.

The topsoil itself is thin and little developed, which implies a low fertility and a small water
retention capacity. Therefore, the farmers experience water deficit and stress for the plants during

the clry season.
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54 Middle Bush

The infiltration rates at all the three examined sites were much lower than the ones on Efate,
and precipitation is presumably in the same range or even higher. Hence7 water 10gging is 1il<ely,
confirming the local farmer’s reports. StiH, when mapping the area it became evident that in many
areas farmers are rather experiencing problems due to plants being drowned for long periods of
time. This is due to l)ig areas being flooded in case of heavy rain, and the water accumulating in
pools. Middle Bush is, apart from a few creeks7 relatively flat. Once ﬂooding occurs, farmers dig
channels through the small dams that separate farming plots, so that the water would flow to the
next plot and so on, but there are not many ways to drain areas safely without affecting the next
plot downstream. A big ﬂoocling, which heavily affected most of the plots, just occurred 2011.
This is why the awareness of the pro]olem is high now, and so is the fear of such an event
clestroying the harvest again. Many farmers are avoicling farming on areas that were flooded in
2011 and potentiaﬂy goocl plots are left abandoned now. As a locaHy varying but always
significant farming area is reserved for growing coffee or kava for the rnanfket7 this can lead to a
shortage of available farmland for growing staple crops, which lead to frequent aid shipments of
rice for the local farmers in the past.

Apart from water related problems for farming it is evident that water for drinking and
personal hygiene has limited ava,ilability, rnainly due to the dependence of the viuagers on only a
few rainwater taunlis7 forcing the Viuagers to sometimes walk down to the creek for getting

drinl{ing water or for Washing and personal hygiene.
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6 Outloolt

6.1 Siviri

At the Workshop in January 2012, the community stated that there is interest in setting up an
irrigation system. Due to the fact that there is already a water pipe supplying the viHage and the
surrounding houses with pota]ole water, this option seems feasible at first. In order to estimate the
potentiai of such a system, the water source which is currently in use was visited. The source is
located about 6.5 km direct distance from the viHage, on the other side of Undine Bay, up a
mountain (see Figure 12) In order to ]:)ring the water to the viHage7 a pipe system (inclu(iing
several small pools for pressure reduction and two high— level tanks) has been laid all the way,
rnainly above grounci. But after the first surveys the option to just lay another pipe for irrigation
does not appear to be a ]oig heip for the community. This is due to the size and the ciischarge
regime of the water source: not having any hydroiogicai data of the region, ViHagers having
farrning plots close to the well were interviewed, and they all stated that the river fed l:)y the
water source uses to run ciry (iuring the dry season. So, at this stage the most feasible option to
help the farmers deaiing with drought seems to introduce mulching to slow down evaporation
from the soil. Also, erosion can be reduced that way, and lost soil can siowly be built up again.

It may also be fruitful to take a look at the possii)ility of intensifying the use of the land close
to the seashore for crop farrning. Even though the soil there is younger, it is good farrning ianci,
and there should be ways to deal with straying pigs. Other restrictions for growing sta,pie crops
there (apart from the limited space) might be customary land—ownerships and an again increasing
importance of the coconut paim plantations there due to a coconut oil factory that is pianned to
be built at Undine Bay.

In order to mitigate possilale (irinl(ing water Shortages, a relocation of one of the two high—
level tanks should be undertaken. Currently this tank7 that has been set up as water storage for
the upper part of the viHage, does not operate due to the poor ciesign of the pipe system that does
not provicie enough pressure.

An option to increase the income of the farmers would be to rehabilitate the old cattle
i)ree(iing areas that had been in use before in(iepenclence. Those are located in vast areas on the
plateau between Siviri and Malafau (” Malafao- piateau”). These plots are currentiy not in use for
crop prociuction, since the conditions there are very (iry, but on test piots possil)ie usages could be

examine(i.
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6 . 2 Maiaiau

To relief the excess water stress in Maiafau, the possii)iiity to establish a network of (irainage
channels should be investigated. Also the promotion of Water Taro (as tra(iitionaiiy piante(i for
exampie on Espiritu Santo) migiit offer a soiution, but this would impiy a compiete ciiange of the
iarming system, since this would require a network of irrigation channels that suppiy the taro
constantiy with fresh water. Both measures would require fixed constructions (water in- / outiets)
at the river banks, which can be a cilaiienge since the banks are not very stable and the
construction would require some maintenance.

At some ciepresseci piots, more empiiasis can be put on water tolerant Crops like water taro or
raised-bed techniques. A(iaption to excess water has been executed aiready in the swampy areas
close to the ring roaci, where the oniy piante(i crop is i)anana, which is at least more tolerant to
iligii groun(i water tables.

The impiementation of muiciiing and teciiniques to appiy compost from domestic waste to the
piots can enforce the i:)uiici—up of the topsoii and relief the water stress from the piants ciuring the

ClI'y season.
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6.3 Middle Bush

In Middle Bush, it should be looked at the possibility of promoting Water Taro varieties on
plots at areas which are 1ikely to being flooded anyway. There is current research on Water Taro
and more than 300 Taro varieties at VARTC on Espiritu Santo, where Water Taro is
traclitionaﬂy grown too. It should be tried to get information about adequate taro varieties that
do not need constant freshwater supply but can survive prolonged su]omerging. At some shallow
basins, raised-bed farming can offer a relief.

There is also the wish amongst some farmers there to introduce “wan tri blong drink wota”, a
tree that consumes the water once the area is ﬂoodecl. Some farmers suspect that this could be
bam]ooo, but since the main prolz)lem in the area is hea,vy ﬂoocling involving high water amounts it
is unlikely that this is a way to resolve that issue.

A possi]ole solution, being a big and technical intervention though, would be to construct a
Widespreacl network of trenches that connect to the creeks. These channels might be several (1-4)
kilometres long, but it should be sufficient to just dig those channels in the bare, cleep, little
conductive soil. The banks could be protected l:)y reed grass (or possibly the locauy growing wild
cane) and once Constructed, the effort for maintenance should be low if the vegetation is cut
trequently and the channel is kept free from trees.

Setting up more rain water tanks and rainwater harvesting systems (simple corrugated iron
roofs) seems to be a feasible solution to drinl{ing water shortage, there are also water sources (one
close to Lamnatu) which could guarantee good water supply for some viHages once they are

cauht roerl.
ght properly
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64 Ceneral

With this thesis, limitations on larming that were reportecl loy farmers could be connected to
specilic characteristics of the larming areas at the stuoly sites. Some of the prol)lems migllt result
from cliangecl land use patterns, some from the increasing use of little suitable larming lancl, some
from climate cliange. The former tendencies are l)asically a result of resettlements, city
agglomeration, population growtli and the growing importance of cash income. A connection of
the unclerlying plienomena to climate change could not be clearly shown tllougll7 the available
data does not permit any profound statement concerning that. In any case, the vulnerability of
small-scale farmers in Vanuatu to clianges of the agricultural conditions is liiglrl, so the risk
associated with climate cliange is liigli and has to be taken seriously.

Eviolently, some prol)lems farmers are lacing novva(lays are not completely new to Vanuatu,
concepts for dealing with the recent cliallenges of larming can also be found in historic indigenous
l{nowledge. As mentioned in section 241, larming teclmiques like raised bed larming, terraced
larming and gravitational irrigation systems have been in use in Vanuatu or are still common in
certain areas. Adverse tendencies could be mitigate(l l:)y the re-implementation of those traditional
teclmiques that have wiclely been abandoned in the last 150 years. There is prool that Vanuatu'’s
population was much liiglier (up to 4 times the current value) some centuries ago, so the land is
capalole of producing more food than nowa(lays, if soil clegra(lation can be mitigate(l. Still, an
unbalanced distribution of (lensely populatecl areas and available larming land creates sliortages.

For securing (lrinl(ing water supply, simple methods like liarvesting rainwater l)y equipping
houses with roofs of corrugate(l iron and rainwater tanks can be a solution.

At all clensely populate(l areas of Vanuatu, one reason for yielcl declines is the clecreasing
lengtli of the fallow periocls (Weiglitman, 1989) In order to mitigate (lepletion of the soil,
concepts of composting could be introduced. Currently residual waste is either fed to pigs or
burnt. Proper training would be essential, also in order to end practices like the l)urning of
batteries. Mulcliing can be a feasible concept for improving the availal)ility of water, too.
Furthermore, in order to increase food security, methods of storing staple crops should be
investigatecl and promoted.

But all this would require a loigger service capaloility of the extension service. Similar is true
for the dissemination of varieties of the common staple crops, like water taro or clrouglit resistant
varieties of yam. But the policy of the 1980 regarcling agricultural extension was to reduce
governmental extension service and count on a takeover of this field lsy private companies, but
this commercialisation did not take place to a sufficient extent (Weiglitman, 1989) Hence, the
remaining governmental institutions with the reduced staff cannot satisly all the needs for
l{nowle(lge dissemination and related services all over Vanuatu. This prol)lem is even intensified

l)y the fact that the staff of the extension service is lrequently occupiecl loy training worl<sliops
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overseas, gaining i{nowiecige that does not necessarily appiy well to Vanuatu. And the question
that remains is if Vanuatu could provi(ie more personai at aii, given the fact that there is no

agricuiturai university programme currentiy i)eing offered in Vanuatu.

In any case, a Cilange of the iarming system needs to be accompanied ioy intensive training,
reliable information transfer and monitoring. Because sometimes, the most well-intended
strategies, based on the most sophisticated expertises, fail to have a sustainable impact, if their
benefits are not made obvious to the farmers. Or, as Barry Weightman, mayi)e the most proiounci
expert on Vanuatu’s agricuiture, put it: “ This is what takes time to eXp/ajn to newcomers and

visitors szo, gazing Wz'a/e—eyea/ afouna/, almost inva.rfab./y ask in some amazement, “But szy on

FARTH don’t tﬁey grow..... 7 As [ have Saic/, the earth is not the proé/em. 7
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Annex [: Thematic maps

Table Z?:Agronomic poten tial /egena/

Annex I: Thematic maps 123



124 Annex I: Thematic maps



Annex I: Thematic maps 125



126 Annex [: Thematic maps



Annex I: Thematic maps 127



128 Annex [: Thematic maps



Annex I: Thematic maps 129



130 Annex [: Thematic maps



Annex I: Thematic maps 131



132 Annex [: Thematic maps



Annex [: Thematic maps

133




Annex [I: Manual for constructing a daily rain gauge out of a Vanuatu Water

600ml— laottle

Picture 19: Edit format for the gauge marks as handed over to the DARD- staff
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Picture 20: Instructions on installing and reading the daily gauge (as handed over to the DARD-

staflf)
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Annex III: Vanuatu rain gauges
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Table 24 Rain gauges operatea/ by the Vanuatu ﬂ[eteoro/ogy and Geohazards Department
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Table 25: Bauerfield average montﬁ/y rainfall /oétajnea/ trom the Vanuatu Meteoro/ogy and
Ceo/zazarc/s Departmeﬂt)
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Table 26: Burtonfield average mont./LZy raintall /ol)tajnec/ trom the Vanuatu Meteoro/ogy and
Geohazards Department/
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Annex IV: List of Equipment

Distilled Water

Spade

Pickaxe

Stop watch

Sampling knife

Munsill - Colour Charts

d = 32cm plastic pipe

Soil sampling cylinders (undisturbed soil sample)

pH  buffer  solutions (potassium hydrogen
orthophosphate / sodium tetraborate)

pH— meter

051 plastic bottles
201 jerrycan
2x 10 1jerrycan

Funnels

Wooden sticks and nails

GPS- device

Balance

Brush

Plastic Bags

Pens, Permanent marker

Ruler

Tape measure

2 x plastic canvas cover (3X3m)

Ropes
Notebool{s

Water level

Portable solar power station

Labels

phthalate / potassium clihydrogen
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Annex V: Soil Data

(Named ]oy a code that describes the 1ocation, the country code is “vu”, then “si” for Siviri,
ancl, 01-03 for the three sites of the soil survey, so a possible code is “vu / si—O?)”)

Table 27- P, fzysica] and chemical properties of the soil samp/es, The first number of the samp/e
code refers to the /ayer, the second number is the samp/e number. The infiltration tests with the

results marked in red were dismissed.

Table 28- Soil morp/zo/ogy Siviri / Quan tin, / ﬂ%y
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Table 29- Soil morp/w/ogy Malatau / Quan tin, bl 998/

Table 30- Soil morp/zo/ogy Middle Bush / Quaﬂ tin, 1 998/
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Table 31: Soil morp/zo/ogy Middle Bush / Quan tin, 1 998/
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1. Field Sheets Siviri

Figure 27: Location of the soil survey sites
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1.1 vu/si-01

Date:03.05.2012 Name:
Scheme name: vu/si-01 City, District:
Crop type: Farming plot, in use

Content:

1. Soil and Site Description

2. Soil Samples

3. Profile pit

4. Single Ring Infiltrometer

Survey map: includes:
- soil sampling plots
- place(s) of single-ring infiltrometer experiment(s)
- location of profile pit

Remarks:

No significant rain since 3 weeks, few showers on the 3,

Coordinates: 17°31.474'S/ 168°19.519'E

Helmut Schabschneider
Siviri, Efate

Elevation: 45 m

© o0 ~N®

IV
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Picture 21: Soil profile vu/si-01
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- Soil and Site Description

Village/Scheme Name

Vu/si-01

Physiographic Position

LL

Vegetation

Papaya, Cassis, Is. cabbag

Slope

Slope Characteristics

~3% (estimated)

Erosion

W (water erosion)

Area of Block [ha]

Predominant Soil in Block

Area of Predominant Soil [ha, %]

Depth to Drainage Barrier [cm]

50cm (coral limastone)

Depth to Groundwater Table [cm]

?

External Drainage (Flood Hazard)

Surface Flooding (river, rainfall)

Magnitude, Period of Inundation

frequent infrequent |rare

very rare

Profile Reference

Routine profile description

Further notes and annotations:
Lithology: SO1

Rock outcrops: ~5%

Stone cover: 40%

Surface cracks: 1-10mm

Parent rock carbonates: N (no audible reaction with HCI): ST

VI
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- Soil Samples

Undisturbed soil samples - core sampler (ring)

No |Sampling |Depth, Horizon |Density (gcm™) | Comments, Descriptions, ...
of Spot

Cyl. |(GPS)

#01 |vu/si-01 1cm, 1% 0,69

#02 |vu/si-01 [1cm, 1% 0,58

#11 |vu/si-01  |30cm, 2™ 0,86

#12 |vu/si-01  |30cm, 2™ 0,97

3" layer to shallow to take core

samples

Disturbed soil samples:

No Sampling | Depth, H Further remarks (segregations, abundance of
Spot (GPS) | Horizon P roots,...), description of spot, comments,...

#0 |vu/si-01  [1cm, 1% 528

#1 |vu/si-01  [30cm, 2™ [4.49
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Profile

Soil Description in Profile Pit:

Further accommodation

(X3) auols pasayjeam : ¥004 Juaied

S)00.
O 8ouBepuUNQqY

Mo

Mo

Ausid

suonebalbag

Ajqels
-9)eboibby

Aejs syoo0u Ajuo

(ww-z‘0~pP) ESY

(Ww-z~p) LSY

90UR3]SISU0)

swnio ‘AiQ
Hun ainxa |
8 8IMxs L weo| Aepo Apues Kejo/Aejo AneaH Aejo Aneay /Aejo
Buipo Jnojo)
inojoo O/ MAG'/ /S HAOL L/GC HAS' L
ou a|dwes 4 L LI L c0# 'LO# ‘O#
[wo] wde@ Wo/G-zh : 2 wozp-g¢ : | Wo 2Z-61 : 0
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- Single Ring Infiltrometer
Date: 11.04.2012
Weather: No rain since two days
Starting time of measurement: 11:50am
Infiltration rate: ~ 6 cmh™
Comments: most probably a leak affected the measurement (soil aside the pipe
became wet during measurement) plus the plastic pipe used as infiltration cylinder

has not been sharpened at the end yet, therefore the pipe could only be pushed
somewhat like 3cm into the ground (FAO- guideline: 15cm).
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1.2 wvu/si-02

Date:03.05.2012 Name:
Scheme name: vu/si-02 City, District:
Crop type: “‘white grass”

Content:

1. Soil and Site Description

2. Soil Samples

3. Profile Pit

4. Single Ring Infiltrometer

Survey map: includes:
- soil sampling plots
- place(s) of single-ring infiltrometer experiment(s)
- location of profile pit

Remarks:

No significant rain since 3 weeks, few showers on the 03.

Coordinates: 17°31’38.87'S/ 168°19°19.57"'E

Helmut Schabschneider

Siviri,Efate

Elevation: 56m

12
13
14
15
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Picture 22: Soil profile vu/si-02
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- Soil and Site Description

Village/Scheme Name

vu/si-02

Physiographic Position

LL

Vegetation Former cattle farm (before independence), burning of
grass every year

Slope 0-2%

Slope Characteristics MS

Erosion N

Area of Block [ha]

Predominant Soil in Block

Area of Predominant Soil [ha, %]

Depth to Drainage Barrier [cm]

20cm (weathered coral limestone)

Depth to Groundwater Table [cm]

?

External Drainage (Flood Hazard)

Surface Flooding (river, rainfall)

Magnitude, Period of Inundation

frequent infrequent |rare

very rare

Profile Reference

Routine profile description

Further notes and annotations:
Lithology: SO1

No surface cracks

Rock outcrops (~1%)

Rock artefacts: V

Parent rock carbonates: ST

XII
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- Soil Samples

Undisturbed soil samples - core sampler (ring)

No Sampling |Depth (cm), |Density (gcm'3) Comments, Descriptions,...

of Spot Horizon

Cyl. |(GPS)
. st

#01 |vu/si-02 1cm, 1 0.85
N st

#02 |vu/si-/02 |1cm, 1 0.83
T nd

#11 |vu/si-/02 [10cm, 2 0.86
N nd

#12 |vu/si-/02 |[10cm, 2 0.88

Disturbed soil samples:

Sampling

Depth,

Further remarks (segregations, abundance of

No Spot (GPS) | Horizon pH Texture roots,...), description of spot, comments,...
#0 |vu/si-02 [1cm, 1% [6.40
#1 |vu/si-02  [10cm, 2™ [6.25
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Profile Pit

Soil Description in Profile Pit:

Further accommodation

(X3) auo}s pasayjeam : %004 Juaied
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- Single Ring Infiltrometer

Date: 12.04.2012

Weather: Heavy rain all evening on the 12" plus during the night.
Starting time of measurement: 11:34

Infiltration rate: ~ 6 cmh™

Comments: No water track visible (ground too wet because of rain)

Annex \'E Soil Data
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1.3 wvu/si-03

Date:04.05.2012 Name:

Scheme name: vu/si-03 City, District:

Usage: Fallow plot

Content:

1. Soil and Site Description
2. Soil Samples

3. Profile Pit

4. Single Ring Infiltrometer

Survey map: includes:
- soil sampling plots
- place(s) of single-ring infiltrometer experiment(s)
- location of profile pit

Remarks:

Helmut Schabschneider

Siviri/Efate

No significant rain since 3 weeks, few showers in the morning of the 4™,

Coordinates: 17°32'4.37'S/ 168°19°11.82'E

18
19
20
21

Elevation: 85m

XVI
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Picture 23: Soil profile vu/si-03
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- Soil and Site Description

Village/Scheme Name

vu/si-03

Physiographic Position

LL

Depth to Drainage Barrier [cm]

Vegetation vine (“American rope”, small leafed)
Slope ~2%
Slope Characteristics MS
Erosion N
Area of Block [ha]
Predominant Soil in Block
Area of Predominant Soil [ha, %]
?

Depth to Groundwater Table [cm]

External Drainage (Flood Hazard)

Surface Flooding (river, rainfall)

Magnitude, Period of Inundation

frequent infrequent |rare

very rare

Profile Reference

Routine profile description

Further notes and annotations:
Lithology: SO1

Parent rock carbonates: ST

XVIII
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- Soil Samples

Undisturbed soil samples - core sampler (ring)

No |Sampling |Depth (cm), | Density (gcm™) | Comments, Descriptions, ...
of Spot Horizon
Cyl. |(GPS)

#01 |vu/si-03 1cm, 1% 0,85

#02 |vu/si-03 [1cm, 1% 0,83

#11 |vu/si-03 [20cm, 2™ [0,93

#12 |vu/si-03 [20cm, 2" [0,98

Disturbed soil samples:

Further remarks (segregations, abundance of
roots,...), description of spot, comments,...

Sampling | Depth,

NO | 5ot (GPS) |Horizon  |PH | Texture

#0 |vu/ si-03 1cm, 151 |5.57

#1 |vu/ si-03 20cm, 2" [4.92

Annex \'E Soil Data XIX




Profile Pit

Soil Description in Profile Pit:

Further accommodation
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- Single Ring Infiltrometer

Date: 12. & 13.04.2012

Weather: Rain in the morning

Starting time of measurement: 04:00pm/00:02pm

Infiltration rate: ~51 cmh™

Comments: Test was carried out two times, since the rates were so high that an error
was suspected. The first test showed an asymptotic rate of ~96cm/h, the second
~50cm/h. Both values are so high that it is very likely that the equilibrium hasn’t been

reached until all the water was gone, but due to very limited availability of water and
time constraints no further tests could be carried out.
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2. Field Sheets Malafau

Figure 28: Location of the soil survey sites
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2.1 vu/ma-01

Date:01.05..2012 Name:

Helmut Schabschneider

Scheme name: vu/ma-01 City, District: Malafau, Efate

Usage: Mixed Plot, AA2

Content:

1. Soil and Site Description
2. Soil Samples

3. Profile Pit

4. Single Ring Infiltrometer

Survey map: includes:
- soil sampling plots
- place(s) of single-ring infiltrometer experiment(s)
- location of profile pit

Remarks:

Coordinates: 17°34°26.38'S/ 168°17'34.75'E

25
26
27
28

Elevation: 22 m

Annex \'E Soil Data
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Picture 24: Soil profile vu/ma-01
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- Soil and Site Description

Village/Scheme Name

vu/ma-01

Physiographic Position

LV

Vegetation Yam, Pineapple, Island Cabbage, Banana
Slope 02

Slope Characteristics BO

Erosion N

Area of Block [ha]

Predominant Soil in Block

Area of Predominant Soil [ha, %]

Depth to Drainage Barrier [cm] ? >130cm

Depth to Groundwater Table [cm]

?>130cm

External Drainage (Flood Hazard)

Surface Flooding (river, rainfall)

Magnitude, Period of Inundation

frequent infrequent  |rare

very rare

Profile Reference

Routine profile description

Further notes and annotations:

Lithology: UF1: sedimentary: fluvial sand and gravel

Coarse source fragments: VF (<2% fine gravel)

Parent rock carbonates: N (no audible reaction with HCI)

Rock fragments: V (very few)

Annex \'E Soil Data
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- Soil Samples

Undisturbed soil samples - core sampler (ring)

No |Sampling |Depth (cm), | Density (gcm™) | Comments, Descriptions, ...
of Spot Horizon

Cyl. |(GPS)

#01 |vu/ma-01 |1cm, 1 0.80
#02 |vu/ ma-01 |1cm, 1% 0.75
#11 |vu/ ma-01 |20cm, 2" 0.64
#12 |vu/ ma-01 |[20cm, 2™ 0.74
#21 |vu/ ma-01 |[50cm, 3™ 0.64
#22 |vu/ ma-01 |[50cm, 3" 0.66
#31 |vu/ ma-01 [80cm, 4" 0.71
#32 |vu/ ma-01 |80cm, 4" 0.76

Disturbed soil samples:

No Sampling | Depth, H Further remarks (segregations, abundance of
Spot (GPS) | Horizon P roots,...), description of spot, comments,...

#0 |vu/ ma-01 [1cm, 15 |6.64 |Spade sample

#1 |vu/ ma-01 [20cm, 2" |6.62 Spade sample

#2 |vu/ ma-01 [50cm, 3" |6.68 Spade sample

#3 |vu/ ma-01 [80cm, 4™ [6.60 |Spade sample

XXVI
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Profile Pit

Soil Description in Profile Pit:

Further accommodation
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- Single Ring Infiltrometer

Date: 18. & 19.04.2012

Weather: Heavy (30 mm) rain in the afternoon of the 18.
Starting time of measurement: 04:52pm/09:10am
Infiltration rate: ~ 18cmh™

Comments: test was carried out twice due to suspected leak when doing the test on
the 18. The result of the first test (~24cmh™) was dismissed.
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2.2 vu/ma-02

Date:19.04.2012 Name: Helmut Schabschneider
Scheme name: vu/ma-02 City, District: Malafau,
Efate

Usage: Mixed garden

Content:

1. Soil and Site Description 31
2. Soil Samples 32
3. Profile Pit 33
4, Single Ring Infiltrometer 34

Survey map: includes:

- soil sampling plots
- place(s) of single-ring infiltrometer experiment(s)
- location of profile pit

Remarks:

Remarks: only infiltration test was carried out at this site, since by time when the
profile pit had to be dug the yam on the plot has not been harvested yet (contrary to a
previous agreement). Therefore there was not enough space to dig a pit, but a quick
estimation plus information from the farmers indicated that the soil at vu/ma-02
shows very similar behaviour to the soil at vu/ma-01.

Coordinates: 17°34’35.41'S/ 168°17°35.541'E Elevation: 33 m

Annex \'E Soil Data XXIX



Picture 25: Soil profile vu/ma-02
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- Soil and Site Description

Village/Scheme Name vu/ma-02
Physiographic Position LV

Vegetation Yam, Island Cabbage
Slope 02

Slope Characteristics TS

Erosion N

Area of Block [ha]

Predominant Soil in Block

Area of Predominant Soil [ha, %]

Depth to Drainage Barrier [cm]

Depth to Groundwater Table [cm]

External Drainage (Flood Hazard)

Surface Flooding (river, rainfall)

Magnitude, Period of Inundation

frequent

infrequent

rare

very rare

Profile Reference

Further notes and annotations:

Annex \'E Soil Data
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- Soil Samples

Undisturbed soil samples - core sampler (ring)

No |Sampling |Depth (cm), | Density (gcm™) | Comments, Descriptions, ...
of Spot Horizon

Cyl. |(GPS)

#01 |vu/ st
#02 |vu/ =
#11 |/ ,
#12 |vu/ |
#21 |vu/ |
#22 |vu/ ,
#31 |vu/ M
#32 |vu/

Disturbed soil samples:

Sampling

Depth,

Further remarks (segregations, abundance of

No Spot (GPS) | Horizon PH roots,...), description of spot, comments,...
#0 |vu/ Spade sample
#1 |vu/ Spade sample
#2 |vu/ Spade sample
#3 |vu/ Spade sample

XXXII
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Profile Pit

Soil Description in Profile Pit:

Further accommodation
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- Single Ring Infiltrometer

Date: 19.04.2012

Weather: 30mm rain in the afternoon of the 18",

Starting time of measurement: 02:15pm
Infiltration rate: ~ 18cmh™

Comments:

XXXIV
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2.3 vu/ma-03

Date: 01.05.2012 Name:

Scheme name: vu/ma-03

Usage:

Content:

POp =

Banana plot

Soil and Site Description
Soil Samples

Profile Pit

Single Ring Infiltrometer

Survey map: includes:

soil sampling plots

place(s) of single-ring infiltrometer experiment(s)
location of profile pit

places of in-field measurements

Remarks:

Coordinates: 17°33'46.62'S/ 168°17°15.49'E

Helmut Schabschneider

City, District: Malafau, Efate

37
38
39
40

Elevation: 20 m

Annex \'E Soﬂ Data
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Picture 26: Soil profile vu/ma-03
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- Soil and Site Description

Village/Scheme Name

vu/ma-03

Physiographic Position

LV

Depth to Drainage Barrier [cm]

Vegetation FrBa (Banana), old Maniok roots
Slope 01
Slope Characteristics BO
Erosion N
Area of Block [ha]
Predominant Soil in Block
Area of Predominant Soil [ha, %]
?

Depth to Groundwater Table [cm]

85

External Drainage (Flood Hazard)

Surface Flooding (river, rainfall)

Magnitude, Period of Inundation

frequent infrequent  |rare

very rare

Profile Reference

Routine profile description

Further notes and annotations:
Land Use: AA2 (3?)

Lithology: UF2: sedimentary: fluvial clay, silt and loam

Carbonates: SL (~0-2%)

No rock artefacts

Annex \'E Soil Data
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- Soil Samples

Undisturbed soil samples - core sampler (ring)

No |Sampling |Depth (cm), | Density (gcm™) | Comments, Descriptions, ...
of Spot Horizon

Cyl. |(GPS)

#01 |vu/ma-03 |1cm, 1 0.82

#02 |vu/ ma-03 |1cm, 1% 0.79

#11 |vu/ ma-03 |40cm, 2™ 0.66

#12 |vu/ ma-03 |40cm, 2™ 0.78

#21 |vu/ ma-03 |80cm, 3™ 0.74

#22 |vu/ ma-03 |80cm, 3" 0.85

Disturbed soil samples:

No Sampling | Depth, H Further remarks (segregations, abundance of
Spot (GPS) | Horizon P roots,...), description of spot, comments,...

#0 |vu/ma-03 [1cm, 150 |6.31 Spade sample

#1 |vu/ma-03 [40cm, 2" |6.28 Spade sample

#2 |vu/ma-03 [80cm, 3" |6.21 Spade sample

XXXVIII
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Profile Pit

Soil Description in Profile Pit:

Further accommodation
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- Single Ring Infiltrometer

Date: 19.04.2012

Weather: Few showers in the afternoon

Starting time of measurement: 16:55pm

Infiltration rate: ~ 18cmh™

Comments: after 15 min an equilibrium of ~ 18 cmh™ had been reached, but then the
rate showed an increase again. In the following 6 minutes it went up to 33 cmh™
again. Many earthworms were observed trying to flee from the water, so a possible

explanation of the increase in the rate the water went down could be that an
earthworm dug a passage for the water.
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3. Field Sheets Middle Bush

Figure 29: Location of the soil survey sites at Middle Bush
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3.1 vu/mi-01

Date:10.05.2012 Name: Helmut Schabschneider
Scheme name: vu/mi-01 City, District: Middle Bush, Tanna
Usage: wild cane (nearby old road cut) Soil type:

Content:

1. Soil and Site Description

2. Soil Samples

3. Profile Pit

4. Single Ring Infiltrometer

Survey map: includes:
- soil sampling plots
- place(s) of single-ring infiltrometer experiment(s)
- location of profile pit

Remarks:

Coordinates: 19°27°32.24'S/ 169°18’20.63'E

44
45
46
47

Elevation: 337 m

XLII
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Picture 27: Soil profile vu/mi-01
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- Soil and Site Description

Village/Scheme Name vu/mi-01
Physiographic Position SE
Vegetation Fallow
Slope 6%
Slope Characteristics UP, SS
Erosion N

Area of Block [ha]

Predominant Soil in Block

Area of Predominant Soil [ha, %]

Depth to Drainage Barrier [cm]

Depth to Groundwater Table [cm]

External Drainage (Flood Hazard)

Surface Flooding (river, rainfall)

Magnitude, Period of Inundation

frequent infrequent |rare

very rare

Profile Reference

Routine profile description

Further notes and annotations:

No rock artefacts

XLIV
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- Soil Samples

Undisturbed soil samples - core sampler (ring)

No |Sampling |Depth (cm), | Density (gcm™) | Comments, Descriptions, ...
of Spot Horizon

Cyl. |(GPS)

#01 |vu/mi-01 |2cm, 1° 0,99 Many earthworms

#02 |vu/mi-01 |2cm, 1% 1,08

#11 |vu/mi-01 |[90cm, 2" 0,65

#12 |vu/mi-01 [90cm, 2" 0,64

Disturbed soil samples:

No Sampling | Depth, H Further remarks (segregations, abundance of
Spot (GPS) | Horizon P roots,...), description of spot, comments,...

#0 |vu/mi-01  [2cm, 1 [5.16  |Spade sample

#1 |vu/mi-01  [90cm, 2" [5.60 |Spade sample

Annex \'E Soil Data
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Profile Pit

Soil Description in Profile Pit:

Further accommodation
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- Single Ring Infiltrometer

Date: 09.05.2012

Weather: Heavy rain (20mm) on the night to the 08.
Starting time of measurement: 11:20am

Infiltration rate: ~ 6.6cmh™

Comments: The water wetted a cone with an angle of 40 degrees to the surface.
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3.2 vu/mi-02

Date:10.05.2012 Name: Helmut Schabschneider
Scheme name: vu/mi-02 City, District: Middle Bush, Tanna
Usage: Mixed plot

Content:

1. Soil and Site Description 50
2. Soil Samples 51
3. Profile Pit 52
4. Single Ring Infiltrometer 53

Survey map: includes:
- soil sampling plots
- place(s) of single-ring infiltrometer experiment(s)
- location of profile pit

Remarks:

Coordinates: 19°26’46.30'S/ 169°17°42.04'E

Elevation: 339m

XLVIII

Annex V. Soﬂ Data



Picture 28: Soil profile vu/mi-02
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- Soil and Site Description

Village/Scheme Name vu/mi-02

Physiographic Position LL

Vegetation Maniok, Taro, Banana, Lemon
Slope 3-4%

Slope Characteristics UP,SS

Erosion N

Area of Block [ha]

Predominant Soil in Block

Area of Predominant Soil [ha, %]

Depth to Drainage Barrier [cm]

Depth to Groundwater Table [cm]

External Drainage (Flood Hazard)

Surface Flooding (river, rainfall)

Magnitude, Period of Inundation |frequent infrequent |rare very rare

Profile Reference Routine profile description

Further notes and annotations:

No rock artefacts

L Annex V. Soil Data



- Soil Samples

Undisturbed soil samples - core sampler (ring)

No |Sampling |Depth (cm), | Density (gcm™) | Comments, Descriptions, ...

of Spot Horizon

Cyl. [ (GPS)
. st

#01 |vu/mi-02 |2cm, 1 1.00
. st

#02 |vu/ mi-02 |2cm, 1 1.05
. nd

#11 |vu/ mi-02 |80cm, 2 0.74
: nd

#12 |vu/ mi-02 |80cm, 2 0.77

Disturbed soil samples:

Sampling

Depth,

Further remarks (segregations, abundance of

No Spot (GPS) | Horizon pH roots,...), description of spot, comments,...
#0 |vu/ mi-02 [2cm, 1 [5.30 |Spade sample
#1 |vu/ mi-02 [80cm, 2" [5.27 |Spade sample
#2 |vu/ mi-02 [110cm, 2"[5.28 |Spade sample
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Profile Pit

Soil Description in Profile Pit:

Further accommodation
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- Single Ring Infiltrometer

Date: 10.05.2012

Weather: Heavy rain (20mm) on the night to the 08.
Starting time of measurement: 10:00

Infiltration rate: ~ 6.0 cmh™

Comments: The water wetted a cone with an angle of 45 degrees to the surface.
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3.3 vu/mi-03

Date:11.05.2012 Name:

Helmut Schabschneider

Scheme name: vu/mi-03 City, District: Middle Bush, Tanna

Usage: New road cut (<1YR): Grassland

Content:

1. Soil and Site Description
2. Soil Samples

3. Profile Pit

4. Single Ring Infiltrometer

Survey map: includes:
- soil sampling plots
- place(s) of single-ring infiltrometer experiment(s)
- location of profile pit

Remarks:

Coordinates: 19°27°32.24'S/ 169°18'20.63'E

57
58
59
60

Elevation: 353 m

LIV
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Picture 29: Soil profile vu/mi-03
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- Soil and Site Description

Village/Scheme Name

vu/mi-03

Physiographic Position

Vegetation Grass, Palm Trees
Slope 3%

Slope Characteristics MS

Erosion N

Area of Block [ha]

Predominant Soil in Block

Area of Predominant Soil [ha, %]

Depth to Drainage Barrier [cm]

Depth to Groundwater Table [cm]

External Drainage (Flood Hazard)

Surface Flooding (river, rainfall)

Magnitude, Period of Inundation

frequent infrequent  |rare

very rare

Profile Reference

Routine profile description

Further notes and annotations:

Coral stone artefacts from road construction

LVI
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Soil Samples

Undisturbed soil samples - core sampler (ring)

No |Sampling |Depth (cm), | Density (gcm™) | Comments, Descriptions, ...

of Spot Horizon

Cyl. [(GPS)
. st

#01 |vu/mi-03 |2cm, 1 0.97
: st

#02 |vu/mi-03 |2cm, 1 0.86
. nd

#11 |vu/mi-03 |85cm, 2 0.76
: nd

#12 |vu/mi-03 |85cm, 2 0.71

Disturbed soil samples:

No Sampling | Depth, H Further remarks (segregations, abundance of
Spot (GPS) | Horizon P roots,...), description of spot, comments,...

#0 |vu/ 2cm, 150 [5.41 Spade sample

#1 |vu/ 85cm, 2" [5.43 Spade sample

Annex \'E Soil Data
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Profile Pit

Soil Description in Profile Pit:

Further accommodation
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- Single Ring Infiltrometer

Date: 11.05.2012

Weather: Heavy rain (20mm) on the night to the 08.

Starting time of measurement: 11:30am
Infiltration rate: ~ 2.1 cmh™

Comments:

Annex \'E Soil Data
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