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The 22 Pacific Island countries and territories face many challenges in building the three main
pillars of food security: availability, access and appropriate use of nutritious food. These challenges
arise because many Pacific Island countries and territories are undergoing rapid population growth
and urbanization; communities cannot engage in broad-acre agriculture and livestock grazing

due to shortages of arable land; opportunities to earn income are limited; and cheap, low-quality
food imports are readily available due to burgeoning global trade. As a result, many Pacific Island
countries and territories are now highly dependent on imported food, and the incidence of non-
communicable diseases is among the highest in the world — 9 of the 10 countries with the highest
rates of overweight and obesity and 7 of the 10 countries with the highest rates of diabetes are
Pacific Island nations.

Pacific Island countries and their development partners are aware of the food security crisis and
have launched plans and initiatives to combat the problems. These plans and initiatives include
increasing appropriate local agricultural production, such as in agroforestry, promoting the
health benefits of traditional diets, increasing access to the region’s rich tuna resources for local
consumption, developing pond aquaculture, and conserving catchment vegetation to maintain
soil quality and safeguard coastal fish habitats.

Pacific leaders also recognize that their islands are among the places most vulnerable to climate
change on earth and have made repeated calls for assistance to adapt to global warming and
ocean acidification. With support from development partners, high-level policies for adaptation to
climate change and disaster risk management are in place, and a number of substantial projects
are raising awareness of the implications of climate change among communities and assisting
them to adapt. The problem is that communities still lack the practical and proven tools they will
need to produce increased quantities of food in a changing climate. Recent, regional vulnerability
assessments for agriculture, fisheries and aquaculture have identified the adaptations that promise
to address the main drivers of food insecurity in the short term and climate change in the longer
term. Even so, substantial gaps in knowledge need to be filled before these adaptations can be
applied effectively.

Filling these gaps will allow Pacific Island governments to implement a food systems approach,
creating options, for example, to reduce dependence on imported rice and wheat by increasing
production of local staple crops resilient to climate change; to transfer some fish consumption
from coastal fish to tuna; and to develop the freshwater aquaculture systems expected to be
favored by warmer temperatures and higher rainfall. Revenue from tuna licenses, which provide

a major portion of government revenue in atoll nations, also provides the opportunity to
facilitate the importation of nutritious food to replace the energy-dense, nutrient-poor foods now
pervading urban areas.

To harness the benefits of more resilient food systems, staged actions are needed to identify the
research to be done at the national level, create effective research partnerships, mentor local
scientists, overcome constraints to sharing knowledge and uptake of technology, provide farmers
and fishers with ongoing climate services, and progressively implement the research activities
needed to fill the gaps in information required for effective adaptation.



INTRODUCTION

“The most strongly affected countries emit small amounts of CO, per capita and have therefore
contributed little to the changes in climate they are beginning to experience” (Mahlstein et al. 2011, p. 1).

The implications of climate change are of great concern to Pacific Island nations, as well as to the
intergovernmental organizations' that provide them with technical assistance and policy advice.
The recent assessments of the vulnerability of agriculture (Taylor et al. in press-c), and of fisheries
and aquaculture (Bell et al. 2011¢), to climate change in Pacific Island countries and territories
are prime examples of the strategic planning underway in the region to address the implications
of global warming and ocean acidification for local food security. These two assessments lay

the groundwork for the further analysis needed to identify the investments required to develop
resilient food production systems; they have been used extensively in this report.?

Important features of the region

+ The Pacific Island region hosts 22 of the world’s countries and territories.

+ The combined exclusive economic zones of these 22 “large ocean states” is greater than 27
million square kilometers (km?)—an area greater than continental North America—and yields
more than 30% of the world’s tuna.

« Land area comprises only 2% of the combined jurisdictions of all Pacific Island countries and
territories.

« The three main ethnic groups (Figure 1) are spread across a variety of high islands and low coral
atolls.

« Population growth in several Pacific Island countries and territories is among the fastest in the
world (more than 2.5% per annum).

« Rapid urbanization, along with importation of low-quality food, is causing the world’s highest
rates of noncommunicable diseases.

« Atoll nations have very limited scope for agricultural production and are particularly vulnerable
to variation in supply and cost of imported food.

NOILONAOYLNI

Damage to coconuts in Fiji during Cyclone Tomas.




INTRODUCTION

‘(elUOP3|RD) MBN ‘BSWNON ‘AHUNWWOD) dYided dY3 JO 1e1Ie}aId9S 3y} Jo uoissiwiad ay3 yym pasnpoidal ‘|| ainbi4

31107 ‘| 12 ||99) eISSUA|Od pUE BISSUOIDI|A ‘BISSUeSA JO suolbaigns ay) BUIMOYS ‘s9110}1149} pUB S91IJUNOD pue|s| dYyided 3yl ‘L a4nbi4

S
P
-
‘/
/

\s
/
/

{ (zN)
/SPue|s| d29peulay|/

aul7 a3eQ |euoljeUIdIU|

/ /
[ / {
— \ / |
pro—— S \ 7 \
- /v\-/. - \ y \
umolswepy A N e e
- . - \
:._OU_EmULOU_mo_._.\ .
spuejs| uiredid \__\ ......
T e S a6

. . C el - °
.,ng..awuwm%n_ " . / y ,
S . / uesuawy

\

i bed obey
. . ﬁ <” “ele|\ ‘eunIn
, apuesipoey . eowS e i
..... A o “T.l..l- \\\//... s

. nnyeuny
. ‘njeany

Jojenby
N —
eisauk|od eifnyed |
RISSUODIN | /
eISOURRI [ N
S9l10]1U9) pue salljunod pue|s| dylded
......... / \
TN [ s )
\\ /:..l/ _/ uojsuyor \
/ < N
A\ 2. NNJOUOH e kN
\, "~ DN NS e
N o N
N ©oysm) T N
. v or \ M_//.t\_‘?mama
J90ue) Jo 21doi | I liemey A : | spueisi oleq
...... S N / (ueder) _/_ m_ .
\ | SPue|s| oued|o) \




Food security challenges

The demography of the 22 Pacific Island countries and territories poses two difficult and
contrasting challenges for planning the food security of Pacific Island people.

« Increasing the food supply for growing rural populations. This need is illustrated by
the rural communities of inland Papua New Guinea, where more than 40% of the region’s
population lives. Populations are predicted to grow by more than 50% by 2035, and food
production is largely limited to staple food crops such as sweet potato and banana.

This challenge also applies to the coastal areas of many Pacific Island countries and territories,
where there is heavy reliance on fishing and root crops for food security. Fish consumption by
Pacific coastal communities is typically two to four times the global average, and across the
region 50%-90% of this fish is caught by subsistence fishing (Bell et al. 2009).

The heavy dependence on subsistence agriculture and fishing in rural areas stems from the
limited opportunities to earn income due to the remote locations of many islands (Figure 1),
the high ratio of coastline to land area, the scarcity of arable land due to the steep topography
of many islands, and the fact that most of the remainder are coral atolls with poor, sandy

soils. Even in countries such as Papua New Guinea, where mineral resources make significant
contributions to gross domestic product, there are large disparities in the income earned by
people in urban and mining enclaves compared with those in rural areas, where 94% of the
resource-poor live (ADB 2012).

« Reversing public health problems associated with changes in the lifestyle and diet of the
rapidly growing urban populations due to imports of energy-dense, nutritionally poor
foods. These imports are replacing traditional foods due to lack of access to land for growing
food by people migrating to towns, increases in disposable income of urban dwellers, and lack
of awareness of the consequences of poor nutrition. The toll on Pacific Island urban populations
has already been huge—9 of the 10 countries with the highest rates of overweight and obesity,
and 7 of the 10 countries with the highest rates of diabetes, are Pacific Island nations.?

Existing plans

For the agriculture sector, strategic plans have been developed at regional and national levels

to map out the actions needed to address these challenges. These plans are supported by the

Land Resources Division of the Secretariat of the Pacific Community. The Heads of Agriculture and
Forestry Services meet every two years to consider and discuss the programs being implemented
and planned by the Land Resources Division. Major changes in policy and/or programming are
endorsed by the Ministers of Agriculture and Forestry, but may require subsequent endorsement at
the Pacific Island Forum Leaders meeting.

For the fisheries sector, practical plans have been proposed to meet the future need for

fish for food by rural and urban communities across the region (Bell et al. 2009; Gillett and
Cartwright 2010; Bell et al. 2015). These plans have been made easier by the strong collaborative
arrangements between Pacific Island countries and territories for managing the region’s rich tuna
resources through the Pacific Islands Forum Fisheries Agency, the Parties to the Nauru Agreement
Office, and the Western and Central Pacific Fisheries Commission (WCPFC).

A brief summary of the challenges that the plans for the agriculture and fisheries sectors are
designed to address is provided in Table 1.



Island type and

country

High (volcanic)
islands
(large and middle-size)

Fiji
Papua New Guinea

Solomon Islands

Food production
systems

Agroforestry
Staples, mainly
root crops and
breadfruit
Export
commodities
Horticulture
Limited livestock

Demography

Majority of
population in
rural areas, but
urbanization
increasing
rapidly

Total population
will increase by

Marshall Islands

Tuvalu

Coastal fisheries 50% by 2035
Samoa Limited small-
Tonga sca[e tuna
fishing
Vanuatu
Low islands (mainly Limited Majority of
coral atolls) production of population in
staple root crops urban areas
Cook Islands and breadfruit Urban
Coastal fisheries population will
Federated States of Small-scale increase by more
Micronesia fishing for tuna than 50% by
2035
Kiribati
Nauru

Recent trends

Increasing
reliance on
imported rice
and wheat
Increase in
energy-dense,
nutrient-poor,
cheap imported
foods

Increase in non-
communicable
diseases,
particularly in
urban areas

Challenges

Increasing local
agricultural
production to
replace imported
rice and wheat
Promoting
traditional

diets to reduce
incidence of non-
communicable
diseases
Improving food
quality for atoll
populations
heavily
dependent on
imports
Sustaining the
production from
coastal fisheries
Increasing
access to tuna
to maintain

per capita fish
consumption
Developing
freshwater pond
aquaculture

Table 1.

Coping with climate change

Pacific Island leaders are fully aware that plans to maintain the per capita availability of food for
growing rural and urban populations are likely to be affected by climate change. This realization is
born not only out of the concerted efforts of development partners to raise awareness of the risks
of climate change, but also through the deep experience of Pacific Island people in coping with the
effects of climatic variability on fisheries and agriculture. The responses of Pacific Island countries
and territories to climatic variability are driven largely by the region’s exposure to the vagaries of

the El Nino Southern Oscillation (ENSO).

Existing food production systems in high islands and atolls, and the challenges involved
in providing food security for growing populations.

ENSO affects the position of the Western Pacific Warm Pool, which dictates the most productive
areas for catching tuna (Lehodey et al. 1997, 2011); the positions of the South Pacific Convergence
Zone (SPCZ), Inter-tropical Convergence Zone (ITCZ) and penetration of the western Pacific
monsoon, which can result in severe localized droughts in some years and chronic floods (Lough
etal. 2011, in press); the frequency, strength and location of tropical cyclones (Lough et al. 2011,
in press); sea-level height, with rises in sea level during El Nifio episodes causing saline intrusion
on atolls and damage to root crops (Fletcher and Richmond 2010); and repeated and widespread
frosts at higher altitudes in Papua New Guinea, completely disrupting food production in such
areas (Bourke and Harwood 2009).
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Despite the demonstrated ability of Pacific Island people to cope with climatic variability, there is

widespread realization that the region will need assistance to adapt to the more extreme climatic

change expected to occur as greenhouse gas emissions continue to increase. In particular, the

region needs assistance to

+ ensure that the plans in place to maintain and expand local agriculture and fisheries production
are “climate proof”;

« reduce dependence on imported foods (e.g. rice and wheat) that are vulnerable to the effects
of climate change in other parts of the world;

« capitalize on opportunities for increases in local food production created by climate change.

Policy and adaptation landscape

A range of top-down and bottom-up processes have set the stage for including agriculture and
fisheries in national and regional policies on climate change and developing and implementing
adaptations to improve food security in the face of global warming and ocean acidification. High-
level strategic frameworks that pave the way for supporting adaptation targeting Pacific Island
countries and territories include the Pacific Island Framework for Adaptation to Climate Change
(2006-2015) and the more recent Strategy for Climate and Disaster-Resilient Development in the
Pacific. In addition, the United Nations Framework Convention on Climate Change has assisted the
least developed countries in the region to develop National Adaptation Plans of Action, and more
recently Joint National Action Plans for Climate Change and Disaster Risk Management.

At the community level, several major projects have been launched with the assistance of
international development agencies and nongovernmental organizations (NGOs)* to help Pacific
Island people adapt to climate change. These projects have raised awareness of the likely effects of
climate change on future food supply and have predisposed communities to adapt.

The problem

Although communities are predisposed to adapt, they still lack the full range of practical and
proven tools for implementing the sectoral plans to produce increased quantities of food, and to
do this successfully under a changing climate. The vulnerability assessments for agriculture (Taylor
et al. in press-c) and fisheries and aquaculture (Bell et al. 2011c) have identified several adaptations
that promise to address drivers of food insecurity in the short term, such as population growth and
urbanization, and climate change in the longer term; however, substantial gaps in knowledge need
to be filled for many of these adaptations before they can be applied effectively.

Therefore, an overarching challenge facing the region is to do the research required to make
these promising adaptations fully effective so that they can be transferred to communities with
confidence—that is, to produce practical tools for future climates.

The problems to be overcome in developing and promoting these tools for the region include the
following:

« lack of effective processes for prioritizing research at national and regional levels;

+ limited capacity to design, implement, monitor and evaluate relevant research;

« poor documentation skills and limited sharing of research data and results;

« constraints to knowledge sharing through extension services and farmer networks;
« limited understanding of the factors influencing uptake of technology.



Purpose of this report

This report summarizes the recent work done in the region to assess the vulnerability of
agriculture, fisheries and aquaculture to climate change and provides the diagnosis and analysis
required to identify cost-effective investments that could be made under the CGIAR Research
Program on Climate Change, Agriculture and Food Security (CCAFS) “Theme 1: Adaptation to
progressive climate change” to bring the adaptations recommended for agriculture, fisheries and
aquaculture to fruition by filling important gaps in knowledge. Specifically, the report summarizes

« projected effects of climate change on agriculture (Taylor et al. in press-c) and fisheries and
aquaculture (Bell et al. 2011¢);

« adaptations and supporting policies to reduce risks to food production and capitalize on
opportunities recommended by the recent vulnerability assessments coordinated by the
Secretariat of the Pacific Community (Bell et al. 2011a; Taylor et al. in press-a);

« gaps in knowledge to be filled in order to implement the adaptations effectively, as well as the
partner agencies most likely to engage with CCAFS;

« staged recommendations to fill the gaps.

NOILONAOYLNI

Coastal fishers in Solomon Islands removing their catch from a gill net.
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PROJECTED EFFECTS OF CLIMATE CHANGE ON FOOD PRODUCTION

Agriculture

This analysis is based on a recent in-depth
assessment of the vulnerability of agriculture
(and forestry) in Pacific Island countries and
territories to climate change (Taylor et al. in
press-c). The assessment used projected changes
to the surface climate derived from the World
Climate Research Programme’s Coupled Model
Intercomparison Project Phase 5 (CMIP5) models
(Appendix 1) to estimate the direct and indirect
effects of alterations to air temperature and
rainfall on various subsectors of agriculture:
staple food crops, export commodities, high-
value horticulture crops and livestock. Although
effects on forestry are not the focus of this report,
livelihoods derived from forestry help provide
food security for rural households, and so a brief
description of the projected effects of climate
change on forestry has also been included.

Projected effects on staple food crops
Staple food crops in the Pacific include sweet
potato (lIpomoea batatas), banana (Musa
species), cassava (Manihot esculenta), taro
(Colocasia esculenta), cocoyam (Xanthosoma
sagittifolium), swamp taro (Cyrtosperma
merkusii), giant taro (Alocasia macrorrhiza) and
yams (Dioscorea spp.). Rice (almost entirely
imported), wheat flour (entirely imported),
coconuts (Cocos nucifera) and breadfruit
(Artocarpus altilis) are also important food
staples. Abelmoschus manihot (aibika, bele,
island cabbage, slippery cabbage) is also
considered a staple because of its widespread
use in Melanesia and its nutritional value.

For most staple food crops, increases in extreme
weather events are likely to have greater
impacts than changes in mean temperature

in the short to medium term (2030-2050). The
increased probability of extreme rainfall (both
frequency and intensity) will test the skills of
farmers in those countries where rainfall is
already high, especially for crops sensitive to
waterlogging, such as sweet potato (Bourke et
al. 2006). Similarly, domesticated yam is highly
susceptible to increased rainfall variability

and extreme rainfall events (Lebot 2009).

High temperature events could also affect
tuberization in sweet potato and yam.

12

The climate change response of pests and
diseases that affect staple crops is far less
certain, with the exception of taro leaf blight,
where an increase in minimum temperatures
and increased humidity provide conditions
conducive to the spread of the disease (Trujillo
1965; Putter 1976). High wind speeds from
more intense tropical cyclones will also create
problems for many crops.

Despite these threats, the overall impact of
climate change on Pacific staple food crop
production is expected to be generally low
over the next few decades and far less than
the impact of global warming on supply of
imported grain crops from other regions
(McGregor et al. in press-b). There is even some
evidence that elevated levels of carbon dioxide
(CO,) may have yield benefits for cassava, taro
and possibly other aroids (Miglietta et al. 1998;
Rosenthal et al. 2012; Taylor et al. in press-b).

Beyond 2050, the negative effects of climate
change are expected to become much more
pronounced, especially if global emissions
continue to track the high-emission scenarios
(Representative Concentration Pathway [RCP]
6.0 and RCP8.5; Appendix 1). Negative impacts
on production have been assessed as very
high for rice; high for taro, swamp taro and
domesticated yams; and moderate to high

for sweet potato. By contrast, the impact on
cassava, aibika (bele) and banana has been
assessed as low to moderate, and low impact
is predicted for cocoyam, giant taro, wild yams
and breadfruit (McGregor et al. in press-b).

Sea-level rise is not expected to be a major
issue for agricultural production in the region,
except for the atoll nations and the atoll islands
of the larger Melanesian countries, where the
major effects are likely to occur beyond 2050,
especially with high emissions (RCP6.0 and 8.5).
In the short to medium term, storm surges and
king tides pose problems for these countries.
Increased salinization from these events could
result in an accelerating decline in swamp

taro production by 2035, with production
potentially disappearing entirely by 2050
(McGregor et al. in press-b).



Projected effects on export commodities

The projected impacts of climate change on
the Pacific’s major agricultural export cash
crops (coconut, coffee, cocoa, palm oil and
sugar) show considerable variation (McGregor
et al. in press-a). Coffee (Coffea arabica) is

the commodity predicted to be the most
susceptible to global warming, with yields
expected to fall significantly by 2050 in current
production areas, mainly due to increased
temperature effects (Figure 2), especially in

the uplands of Papua New Guinea (Davis et al.
2012; McGregor et al. in press-a). Coffee is a
major export commodity for Papua New Guinea
(Figure 3), and coffee growing employs a large
number of people. Therefore, declines in coffee
production are likely to have significant adverse
implications for livelihoods.

Most cash crops are vulnerable to extreme
weather events, which account for many of
the losses in production in the region. The

2500 3000
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10 15

projected increase in the frequency and
intensity of extreme weather events poses

the greatest risk to production of export
commodities over the next few decades. High
wind speeds are a significant threat to senile
(more than 60-year-old) coconut palms, which
make up a major proportion of many existing
plantings. Sugar is very vulnerable to flooding
(Figure 4); therefore, extreme rainfall events
are also likely to result in higher potential crop
losses for sugar. Some export commodities
may benefit from climate change. For example,
increases in average temperatures are likely to
favor cocoa production in some countries, such
as Vanuatu. Palm oil production is unlikely to
suffer from climate change in the areas where
these palms are grown (McGregor et al. in
press-a).

Marginal
conditions

25 30 35

Temperature (°C)

Figure 2. The bio-climate envelope for Arabica coffee (Fermont 2012).
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Beyond 2050, the potential adverse impacts

of global warming on export commodities are
likely to become more pronounced. Most of the
current coffee production areas of Papua New
Guinea will become unsuitable, making coffee
highly vulnerable to climate change. The overall
production impact assessment for coconuts

is low to moderate but is dependent to some
extent on the successful implementation of
strategies to replace senile palms with new
coconut plantings. The greatest threat to sugar
will continue to be from extreme events, such
as floods, with a projected moderate negative
impact on production. Cocoa production in
Papua New Guinea and Solomon Islands is also
expected to be adversely impacted. Little is

500,000 —

—
——
400000 |  ——
5 300000 |
8 —
X
5
3 200,000 -
pt
100,000 -

Coffee —— Cocoa

Palmoil —— Copraoail

known about how climate change will impact
cocoa pests and diseases, although black pod
disease could increase in severity (Bourke 2013).

There could be some positive economic
benefits for oil palm cultivation due to

its relatively high resilience to increased
temperatures and rainfall and the likelihood

of increased oil prices over the medium term
(palm oil prices are strongly correlated to crude
oil prices [Figure 5]). The high returns from

oil palm plantations are creating interest in
planting the crop in Vanuatu and Fiji; however,
the high vulnerability of oil palm to tropical
cyclones is likely to rule this out (McGregor et al.
in press-a).

Year

—— (Copra

——

Rubber

Tea —

Figure 3. Export values (in PGK) of cash crops in Papua New Guinea (Bourke and

Harwood 2009).
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Total economic losses to the sugar cane industry in 2009: USD 24 million

56%

Growers' farm and off-farm costs

Millers’ costs

Cane access road costs

Other infrastructure costs

Figure 4. Proportion of total estimated losses of USD 24 million to the sugar cane industry
in Fiji in 2009 incurred by different parts of the industry (Lal et al. 2009).
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Figure 5. World palm oil and crude oil prices: 1997-2013 (Public Ledger June 2012).
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Projected effects on high-value horticultural
crops

High-value horticultural crops include papaya,
mango, citrus, pineapple, watermelon, tomato,
vanilla, ginger, kava and betel nut. As with the
other crop categories, extreme weather events
are the greatest threat to these products in

the short to medium term. Of the fruit crops,
papaya and mango are considered to be the
most vulnerable (i.e. low to moderate impact up
to 2050), with fungal diseases being a particular
threat for papaya. Fruit set in mango will be
adversely affected by increased variability in
rainfall and extreme rainfall events (Rajan 2012).
The impact on citrus and pineapple is likely

to be insignificant to low, though some pests
and diseases may become more problematic
for citrus (Table 2). Higher rainfall is likely to
have a negative impact on both tomato and
watermelon production, and extreme heat
(depending on the timing) can significantly
affect tomato production and yield (Deuter et
al. 2012). For the spices, vanilla and ginger, the
projected impact is also neutral to low, with

the possibility that changed rainfall patterns

could increase ginger production. Similarly
for betel nut and kava, the short-to-medium-
term impact of climate change on production
is expected to be minimal except with more
intensive cyclones which are likely to have
significant impact, particularly for plantings
not in agroforestry food gardens (Stice and
McGregor in press).

Beyond 2050, the impacts are less certain, but
the increased intensity of extreme weather
events is expected to pose the greatest
challenge. High wind speeds could potentially
be a significant threat to mango and papaya
production, more intense rainfall could lead to
waterlogging, and flooding is likely to affect
most crops. Both papaya and tomato are at
greatest risk, but production of watermelon and
pineapple are also likely to be affected. On the
other hand, an increase in temperature could
enable citrus cultivation at higher altitudes in
Papua New Guinea. For citrus and betel nut, the
production and economic impact assessment is
low, and for vanilla, ginger and kava, it is low to
moderate (Stice and McGregor in press).

Disease Means of spread Optimum Optimum wetting
temperature for period
spread (°C)
Greasy spot Wind 24-27 Several nights
Post bloom fruit drop | Water splash 25-28 10-12 hours
Melanose Water splash 25-29 10-12 hours
Citrus scab Water splash 21-29 5-6 hours
Citrus canker Wind-blown rain 25-28 4-6 hours
Black spot Wind 21-32 1-2 days
Alternaria brown spot | Wind 21-27 12-14 hours

Source: Timmer 1999, p. 107

Table 2.
foliar diseases.
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Projected effects on livestock

Overall, the impacts on livestock are variable.
Locally adapted breeds are expected to

be more resilient, whereas more recently
introduced temperate-latitude breeds will be
vulnerable. However, although existing local
breeds may be able to cope with temperature
projections for 2030-2050, projected climate
change is likely to have an overall negative
impact on livestock production. Beyond

2050, substitution with selected breeds and
species may become necessary. In general, Bos
taurus dairy breeds and poultry are expected

to be particularly vulnerable to projected
temperature shifts (Table 3). Livestock managed
in traditional systems will be at risk from heat
waves and flooding. Commercial production
systems, on the other hand, have the capacity
to be adjusted to projected increases in
temperature, but at a cost (Lisson et al. in press).

More intense droughts will reduce the quality
and quantity of drinking water for stock and
potentially intensify competition between
various water users, especially in those
countries where animals are kept in highly
populated areas. Extended drought periods are
likely to cause increased grazing pressure and
disease (Lisson et al. in press).

A potentially significant impact on livestock
productivity could arise from the effects on
feed. Where feed is produced locally using
imported grains, the impact of climate change
on the productivity of grains overseas is likely
to affect the supply and cost of ingredients.
Pigs and poultry are more efficient than other
livestock at converting concentrated feed,

Animal species

and therefore the impact on feed quality and
supply could encourage increased use of these
livestock (Lisson et al. in press).

The impact of climate change on pasture
quality in the medium to long term could

be significant for those countries involved in
ruminant production. A decline in feed quality
is projected as a result of the shift away from C,
to C, grass species, the increased lignification
of plant tissues, and the expansion of generalist
species into areas previously dominated by
locally adapted species (Easterling and Apps
2005; Morgan et al. 2007; Tubiello et al. 2007).

Of the three native bee species found at
different elevations, the lower-elevation species
is likely to be able to adapt to increasing
temperatures; however, those species found

at higher elevations, and which are already
comprised of very small populations with lower
genetic diversity, are likely to be adversely
impacted by a warmer climate. Their current
restriction to very high elevations raises the
possibility that they may be unable to cope
with rising temperatures by retreating to even
higher habitats. A decrease in the abundance
of bees has implications for plant production
(Lisson et al. in press).

Projected effects on pests and diseases

How pests, diseases and invasive species will
be affected in both the short to medium and
long term will clearly play an important role

in determining the resilience of crops and
livestock to climate change. With the exception
of taro leaf blight, insufficient data is available
to make accurate projections of the impacts

Thermal comfort zone (°C)

Bos taurus (dairy) 5-20
Bos taurus (beef) 15-25
Bos indicus (beef) 16-27
Sheep (fleeced) 5-24
Sheep (shorn) 7-29
Adult pigs 16-25
Lactating sows 12-22
Piglets (newborn) 25-32
Chickens 10-20
Horses 10-24
Table3. Thermal comfort zones of animals (RCI 2008).
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of climate change on known pests, diseases
and invasive species. Greater research effort

is required in this area. Many crop pest and
disease problems are linked to intensification of
land use and declining soil fertility (Taylor et al.
in press-b).

Changes in the geographical extent,
population, life cycle and transmission
characteristics of livestock pests and diseases
are expected. For example, larger populations
of pathogens may arise with higher
temperatures and humidity, especially for
those pathogens that spend some of their life
cycle outside the animal host. Alternatively, the
populations of some pathogens may decrease
due to sensitivity to higher temperatures
(Lisson et al. in press).

Forestry

Overall, the major commercially planted
forests, including most timber plantations,
are not expected to be particularly vulnerable
to climate change until later this century. The
intertidal and atoll forests are considered to
be the most vulnerable, especially to tropical
cyclones and associated storm surges. Cyclones
already cause significant damage to trees
outside forests, and to forests themselves,
and this is very likely to remain a significant
problem in the future. Following such events,
effective management is needed to prevent
incursion of exotic invasive weeds. Flooding,
waterlogging and landslides caused by
extreme rainfall events are also likely to result
in increased damage to trees. More intense El
Nino events, coupled with higher temperatures,
could increase the risk of severe droughts and
wildfires for some countries, which could have
a significant impact on forest biodiversity—
for example, for the endemic conifers in New
Caledonia. Conversely, the projected higher
rainfall and decrease in droughts in countries
near the equator, such as Kiribati and Nauru,
will be generally beneficial to tree survival
and growth. Any adverse impacts of higher
temperatures and extreme heat events

on tree growth will likely be at least partly
counterbalanced by increases in CO, levels,
especially for the drier forest types.

Planted monoculture forests are more at risk
from climate change. Pinus caribaea in Fiji
is vulnerable to tropical cyclones, fire and
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landslides. Swietenia macrophylla in Fiji is also
vulnerable to tropical cyclones, and would
become more vulnerable if Hypsipyla shoot
borer reaches Fiji and causes a multistemmed
habit.

Summary of changes to agricultural
production

The effects of climate change on agricultural
production are expected to be mixed, and
are difficult to estimate over the longer term
(beyond 2050) due to uncertainty associated
with future emission scenarios and the interplay
of local market forces and variation in the
supply of imported staples. The limited data
available for many of the Pacific food crops
further complicates efforts to assess climate
change impacts.

Some Pacific agricultural industries are
expected to continue to grow in the future
despite the adverse impacts of climate change,
albeit at a slower rate due to global warming.
Fiji's horticultural exports are likely to be in

this category. Other industries that are already
in decline, such as Fiji's sugar industry, are

now expected to decline more rapidly due to
climate change. For those species expected

to be favored by climate change, or where

any projected negative impacts of global
warming are expected to be low, off-setting
price impacts could improve revenues for
farmers. Breadfruit could fit into this category
if availability of imported grains is reduced due
to climate change. Provided sufficient attention
is given to more sustainable farming practices,
the impact of climate change on Pacific staple
food crops, such as breadfruit, cassava and
banana, can be minimized.

The projected negative and positive impacts
of climate change on production of staple
food crops, export commodities, high-value
horticultural crops and livestock in the tropical
Pacific are summarized in Table 4. Note that the
projected effects are likely to vary both within
countries and between countries. For example,
cocoa production could improve in some parts
of the region due to increasing temperatures,
provided higher risk of diseases due to
increasing rainfall can be contained.



Crop or livestock Short term (2030) Medium term (2050) Long term (2090)
Staple food crops
Sweet potato Moderate Moderate Moderate to high
Cassava Insignificant to low Low to moderate Low to moderate
Taro Low to moderate Moderate to high High
Cocoyam Insignificant to low Low Low to moderate
Swamp taro Moderate to high High High
Giant taro Insignificant to low Low Low
Domesticated yams Moderate to high High High
Wild yams Insignificant to low Low Low
Breadfruit Insignificant to low Low to moderate Low to moderate
Rice Moderate to high High High
Banana Low Low to moderate Low to moderate
Bele (aibika) Low Low to moderate Low to moderate
Export commodities
Coconut Low Low to moderate Low to moderate
Coffee Moderate High High
Cocoa Low Moderate Moderate to high
Oil palm Insignificant Low Low
Sugar Low Low to moderate Moderate
High-value horticulture crops
Papaya Low to moderate Moderate to high High
Mango Low to moderate Moderate Moderate to high
Citrus Insignificant to low Low Low
Pineapple Insignificant Low to moderate Low to moderate
Watermelon Low to moderate Low to moderate Moderate
Tomato Moderate Moderate to high Moderate to high
Vanilla Insignificant Low to moderate Low to moderate
Ginger Insignificant to low Low to moderate Low to moderate
Kava Low Moderate Moderate
Betel nut Insignificant to low Low Low
Livestock
Cattle Low Moderate Moderate to high
Pigs Low Moderate Moderate
Poultry Moderate High High

Table4. Summary of projected effects of climate change on the production of agricultural

products in Pacific Island countries and territories.
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Fisheries and aquaculture

The assessment of the vulnerability to climate
change of fisheries and aquaculture in the
region used in this report was based on an end-
to-end “climate-to-fish-to-fisheries” approach
(Figure 6). This approach was endorsed by

the Food and Agriculture Organization of the
United Nations (FAO), International Council
for the Exploration of the Sea (ICES) and North
Pacific Marine Science Organization (PICES)
international symposium on “Climate Change
Effects on Fish and Fisheries: Forecasting
Impacts, Assessing Ecosystem Responses, and
Evaluating Management Strategies” held in
Sendai, Japan, in 2010 (Murawaski 2011). The

approach cascades changes to the tropical
Pacific Ocean and surface climate, projected

to occur under the Intergovernmental Panel

on Climate Change (IPCC) Special Report

on Emissions Scenarios (SRES) A2 emissions
scenario by global climate models (Appendix 2),
along direct and indirect pathways (Figure 7) to
identify (i) which of the region’s diverse fisheries
and aquaculture resources and activities are
expected to increase or decline by 2035, 2050
and 2100 as greenhouse gas emissions increase;
(ii) implications for food security and livelihoods;
and (iii) priority adaptations and policies needed
to minimize the threats and take advantage of
opportunities to increase food production.

Figure 6. Summary of the end-to-end approach used to assess the vulnerability
of tropical Pacific fisheries and aquaculture to climate change (Bell et
al. 2013).
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Figure 7. Pathways used to determine the direct and indirect effects of increasing
greenhouse gas emissions on oceanic, coastal and freshwater fisheries and
aquaculture in the tropical Pacific (Bell et al. 2013).

Projected changes to fish stocks

The distributions and abundances of oceanic
(tuna) and coastal fish stocks in the tropical
Pacific are expected to be affected directly

by changes to the physical and chemical
properties of the water in which they live, and
indirectly by changes to the habitats and food
webs on which they depend (Appendix 2). The
combined direct and indirect effects of climate
change on these fish stocks are described in
detail by Lehodey et al. (2011) and Pratchett et
al. (2011), and summarized below.

Tuna fisheries

The most recent modeling of the direct

and indirect effects of climate change on

the distribution of the abundant skipjack

tuna (Katsuwonus pelamis), using the Spatial
Ecosystem and Population Dynamics Model
(SEAPODYM) modeling framework (Lehodey
et al. 2008), indicates that this species is likely
to move progressively to the central-eastern
Pacific and to subtropical areas (Lehodey et

al. 2011, 2013) as the tropical Pacific Ocean
changes (Figure 8). Ocean warming and
reduced productivity (Appendix 2), which will
make the Warm Pool less suitable for spawning,
and an eastward shift in the convergence zone
between the Warm Pool and Pacific equatorial
upwelling, drive the projected redistribution
of this valuable fish. The simulations indicate
that skipjack tuna biomass is likely to increase
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in the exclusive economic zones of Pacific
Island countries and territories east of 170°E
and decrease marginally within the exclusive
economic zones west of 170°E by 2035 and
2050. By 2100, biomass of skipjack tuna is
projected to decline substantially in the
exclusive economic zones of most Pacific Island
countries and territories, except those in the far
east-southeast of the region (Figure 8).

Preliminary modeling for bigeye tuna projects
small decreases in catch (usually <5%) across
much of the region by 2035, increasing to 5%-
10% by 2050 and 10%-30% by 2100 (Lehodey et
al. 2011). Preliminary modeling for yellowfin tuna
and South Pacific albacore is still in progress.

Coastal fisheries

The large number of species supporting coastal
fisheries in the tropical Pacific precludes the
species-specific modeling done for tuna. Other
approachesare needed to evaluate the status of
these resources and their responses to climate
change, given the relatively low economic value
of each species and limited national capacity
for research. These approaches have involved
separating coastal fisheries into three broad
categories: (i) demersal (bottom-dwelling) fish,
associated mainly with coral reefs but also with
mangroves, seagrasses and bare intertidal flats;
(ii) nearshore pelagic fish, mainly tuna but also
other large oceanic species such as mahi mahi,
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rainbow runner, wahoo and marlin; and (iii)
subtidal and intertidal invertebrates (Pratchett
etal. 2011).

The dominant demersal fish component of
coastal fisheries associated with coral reefs can
be separated into specialist coral-feeding fish
and coral residents, reef-associated species,
and generalist species (Pratchett et al. 2011).
The specialist fish species that depend directly
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on live coral for food and shelter are likely to
experience greater impacts than generalist
species, which can switch to using alternative
resources. Overall, however, significant

changes in species composition of demersal
fish associated with coral are expected. The
projected decreases for these three types of fish
have been integrated by Pratchett et al. (2011)
to provide estimates of decreases in demersal
fish production (Table 5).
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Figure 8. Projected distributions of skipjack tuna biomass across the tropical Pacific Ocean
under the IPCC SRES A2 emissions scenario: (a) simulations for 2005, 2035, 2050 and
2100 derived from the SEAPODYM model, including projected average percentage
changes for the boxed areas east and west of 170°E; (b) recent average annual catches
of skipjack tuna (2000-2010) from exclusive economic zones of selected Pacific Island
countries and territories; (c) estimated changes in biomass relative to virgin stock levels
(dark blue), and incorporating fishing effort 1.5 times greater than the average for
1990-1999 (light blue), for 2035, 2050 and 2100 (Bell et al. 2013).
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Type of species

Coral-dependent -50% -90% -100%
Reef-associated 0% -20% to -40% -20% to -80%
Generalist 0% 0% -10% to -20%
All demersal fish -2% to -5% -20% -20% to -50%

Table 5.

Projected changes in productivity of the three broad types of demersal fish,

and all demersal fish combined, in 2035, 2050 and 2100 under the IPCC SRES A2
emissions scenario (adapted from Pratchett et al. 2011).

Although there is still much uncertainty,
changes to sea surface temperature, ocean
currents and pH (Appendix 2) are expected

to have direct effects on the distribution,
reproduction, dispersal, recruitment success,
growth and size of fish and invertebrates
associated with coastal habitats (Pratchett et
al. 2011). Declines in primary productivity and
loss of coral reefs, mangroves and seagrasses
(Appendix 2) will also affect these species
indirectly. The combined effects on demersal
fish are expected to alter the composition of
catches and reduce production. Such changes
may be minimal by 2035 and difficult to
separate from ongoing effects of fishing and
local habitat degradation. However, by 2050
production of demersal fish is projected to
decrease by 20% (Table 5). There is also concern
that generalist species (both herbivores and
carnivores) that adapt successfully to degraded
coral reefs may have an increased incidence

of ciguatera fish poisoning (Pratchett et al.
2011). The toxic microalgae that cause this
poisoning grow on dead coral and the surface
of macroalgae, and the percentage cover of
both these substrata is expected to increase on
degraded reefs.

Projected changes to production of nearshore
pelagic fish, based on the modeling for skipjack
tuna (see above) and the expected effects of
changes in net primary production on non-tuna
species (Le Borgne et al. 2011; Pratchett et al.
2011), indicate that catches are expected to
increase progressively in the east and decrease
in the west (Table 6). The potential impacts on
invertebrates are still poorly understood but are
considered to be more moderate (Table 6).
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Taken together, total coastal fisheries
production in the west of the region is expected
to decrease by 10%-20% in 2050 and 20%-35%
in 2100, and by 5%-10% in 2050 and 10%-30%
in 2100 in the east (Table 6).

Projected changes to aquaculture
production

Climate change is projected to affect the range
of commodities produced by aquaculture in
the region in different ways (Pickering et al.
2011). Brief summaries of the projected effects
of global warming and ocean acidification on
those commaodities contributing directly to
local food security, or indirectly by providing
households with livelihoods, are given below.

Pond aquaculture

Increases in temperature and rainfall are
expected to improve conditions for growing
Nile tilapia in freshwater; i.e. the fish should
grow faster in warmer water, and increased
rainfall and warmer temperatures should make
more locations suitable for this practical type of
pond aquaculture. In particular, tilapia farming
is expected to be feasible in more elevated
areas in Papua New Guinea, and on atolls using
aquaponic technology. Nevertheless, care will
be needed to build ponds where they are not
prone to flooding, inundation from sea-level
rise or damage from storm surges.

Milkfish farming is likely to benefit from higher
temperatures and increased rainfall. Milkfish
can be grown in seawater or brackish water and
so can be farmed in areas affected by saltwater
intrusion. Increases in sea surface temperature
could extend the geographical range and
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Nearshore pelagic ysh Shallow Total coastal ysheries***
Year Demersal subtidal and
),ISh West* East** intertidal West* East**
invertebrates
2035 -2% to -5% 0% | +15% to +20% 0% | Negligible Negligible
2050 -20% -10% +20% -5% | -10% to -20% | -5% to -10%
2100 | -20% to -50% | -15% to -20% +10% -10% | -20% to -35% | -10% to -30%

* 15°N-20°S and 130°E and 170°E; ** 15°N-15°S and 170°E and 150°W; *** assumes that the
proportions of coastal fisheries categories remain constant.

Table 6.

season for capturing wild juveniles, although
ocean acidification and changes in coastal
habitats may have negative effects on the
supply of wild-caught fry. If larger-scale farming
operations prove to be viable in the region and
climate change increases variation in the supply
of wild fry, such enterprises could adapt by

Projected changes in production of the three categories of coastal fisheries, and total
coastal fisheries production, in 2035, 2050 and 2100 under the IPCC SRES A2 emissions
scenario. Note that availability of nearshore pelagic fish is expected to increase in the
eastern part of the region (adapted from Pratchett et al. 2011).

producing juveniles in hatcheries.

Seaweed

The seaweed (Kappaphycus alvarezii) produced
in Fiji, Kiribati, Papua New Guinea and Solomon

Summary of changes to fisheries and
aquaculture production
The effects of changes to the atmosphere

and ocean on fish habitats and fish stocks
underpinning fisheries and aquaculture across
the region are expected to result in winners and
losers—tuna are expected to be more abundant

in the east, and freshwater aquaculture is likely
to be more productive. Conversely, coral reef
fisheries could decrease by 20% by 2050, and

Islands is sensitive to increased sea surface
temperature and reduced salinity, which stress
the plants and retard growth, resulting in crop
losses due to increased incidence of outbreaks
of epiphytic filamentous algae and tissue
necrosis. Lower salinities caused by increased
rainfall are likely to reduce the number of sites
where seaweed can be grown. More intense
cyclones would increase the risk of damage to
the equipment used to grow seaweed in Fiji, but
not in Kiribati, Papua New Guinea or Solomon
Islands, which are not in the cyclone belt.

Marine ornamentals
Conditions for producing the main village-
based marine ornamental products—corals
and giant clams—are likely to deteriorate

due to more frequent bleaching caused by
higher sea surface temperature, changes in
salinity and turbidity caused by higher rainfall,
and reduced aragonite saturation levels from
ocean acidification. In some locations, sea-level
rise could reduce these potential impacts by
improving water exchange.
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coastal aquaculture is expected to be less
efficient (Figure 9).



