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Region profile

The Pacific Islands region includes the Hawaiian archipelago and the US-Affiliated Pa-
cific Islands (USAPI). More than 2,000 islands are distributed across millions of square 
miles of the Pacific Ocean. The islands are isolated, with hundreds of miles of ocean be-
tween individual islands and thousands of miles between island chains. The largest ag-
gregate of land is the State of Hawai‘i, with 6,423 square miles (the fourth smallest state 
in the US). The islands are diverse in terms of geography, climate, ecology, and culture.  
The ocean and its resources play a vital role in the lives and livelihoods of the peoples of 
the Pacific Islands region. The combined exclusive economic zones (EEZ) of the region’s 
islands encompass more than one-half of the entire EEZ of the US, making this region 
of great importance not just to Pacific Islanders, but to the US as a whole. The region is 
home to some of the most pristine habitat in the world and possesses tremendous biodi-
versity; thus, it is of immeasurable value to all people on the planet.

In this report, the islands in the region are grouped into three sub-regions (Figure 
1-1), with affinities in terms of geography, climate, ecology, and sociology. 

• Central North Pacific (CNP) – This area includes the State of Hawai‘i and 
the Northwestern Hawaiian Islands (Papahānaumokuākea). It represents the 
northern bounds of Polynesia. 

• Western North Pacific (WNP) – This area includes the Mariana, Caroline, 
and Marshall island chains: Guam; Commonwealth of the Northern Mariana 
Islands (CNMI); Republic of Palau (RP); Federated States of Micronesia (FSM, 
including the states of Chuuk, Kosrae, Pohnpei, and Yap); and Republic of the 
Marshall Islands (RMI). This area is also referred to as Micronesia.

• Central South Pacific (CSP) – This area includes American Sāmoa, but 
consideration is given to the South Pacific in general. 

Pacific Island geology and landscape

The islands of the region vary widely in terms of geologic origin. They include volcanic 
islands, atolls, limestone islands, and islands of mixed geologic type. The highest vol-
canic islands reach more than 13,000 feet, while some of the atoll islands peak at only a 
few feet above present sea level. The distinction between “high” islands and “low” atoll 
islands is essential to explain the different climates on islands and the many specialized 
terrestrial and marine ecosystems that have evolved, as well as the forms of human com-
munities they currently support (Figure 1-2). 

The terrain of high islands is characterized by abrupt elevation changes (mountains, 
sheer cliffs, steep ridges and valleys), with the altitude and size of these features vary-
ing according to the age of the island. On high islands, orographic rainfall (i.e., rain as-
sociated with or induced by the presence of mountains) can cause the island to receive 
much higher rainfall than the surrounding ocean and is responsible for large differences 
between leeward and windward rainfall. The landscape on high islands is conducive to 
the formation and persistence of freshwater streams and the development of soils that 
can support large and diverse plant and animal populations. In contrast, the low atoll 



islands are small and flat. They are not tall enough to generate orographic rain, and 
thus the amount of rainfall on low islands is close to that for the surrounding ocean. 
The atolls generally lack the freshwater and fertile soils that are characteristic of volca-
nic islands and have limited terrestrial resources. Low islands are especially prone to 
drought, but their varied coral reef, mangrove, and lagoon environments support rich 
marine ecosystems. 

Because high islands have more land and freshwater resources than low islands 
do, they have more long-term options for responding to changes in sea level, rainfall, 
and other climate variables. The amount of land on volcanic islands that is flat enough 
for large-scale settlement, development, and agriculture is limited, however, resulting 
in high concentrations of population, infrastructure, and commercial development in 
low-lying coastal areas. Thus, while communities on high islands and low islands have 
somewhat similar short-term challenges associated with climate change, they have dif-
ferent degrees of flexibility in how they can adapt.

Figure 1-1 Map of the Pacific Islands region and sub-regions. The region includes the Hawaiian 
archipelago and the uS-Affiliated Pacific Islands and comprises the Central North Pacific (blue), 
Western North Pacific (light orange), Central South Pacific (light green), and the islands of the Pacific 
Remote Island Marine National Monument (dark orange). Shaded areas indicate each island’s exclusive 
economic zone (eeZ). (Courtesy of Miguel Castrence, east-West Center.)
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Pacific Island peoples, governments, and economies 

The Pacific Islands region includes demographically, culturally, and economically di-
verse communities. The first settlers of Micronesia traveled from the Philippines and In-
donesia around 4,000 years ago to settle the islands of the Republic of Palau, the Mariana 
archipelago, and possibly Yap. A second wave of later settlers traveled approximately 
2,000 years ago from southeast Melanesia, possibly the Solomon Islands, north past Kiri-
bati, settling the Marshall Islands and then moving west through the Caroline archi-
pelago until they met the earlier settlers in the area of western Chuuk and Yap (Rainbird, 
2004). The settlement of the Polynesian region began with the early Austronesian an-
cestors from Taiwan approximately 5,000 years ago (Gray et al., 2009). Over thousands 
of years, these early settlers traveled west through Sāmoa, Fiji, and Tonga in western 
Polynesia before reaching the Cook, Society, Tuamoto, and Marquesas archipelagos in 
eastern Polynesia. The first permanent settlers of Hawai‘i sailed north from this area, 
reaching the Hawaiian Islands approximately 1,200 years ago (Graves & Addison, 1995; 
Vitousek et al., 2004).

Contact with Europeans began with Magellan’s fleet, which landed at Guam in 1521, 
and continued for the following four centuries under multiple colonial powers. Today, 
islands with ties to the US are home to nearly 1.9 million people, with most (nearly 1.4 
million) living in Hawai‘i. The majority of the island populations are composed of di-
verse indigenous Pacific Islander communities, intermingled with immigrants mostly 
from Asia, Europe, North America, Australia, and New Zealand. At least 20 languages 
are spoken in the region. On many islands, a large proportion of the population is rural. 
As rural communities often depend on agriculture and other environmentally sensitive 
practices, they are extremely vulnerable to weather and climate conditions. 

The islands have varied histories of governance. A series of foreign countries have, 
at different times, governed most island chains or individual islands. Contemporary so-
cial systems throughout the region vary widely, with traditional Micronesian or Poly-
nesian rules and institutions mixed with those adopted from colonizing countries. In 
Hawai‘i and Guam, cash economies are highly developed, relatively few people rely 

Figure 1-2 examples of high and low islands. The Pacific Islands region includes high islands that may 
rise to more than 13,000 feet above sea level, as well as low islands that are only a few feet above 
present sea level. (Left: Ko‘olau Mountains, © 2008 kstrebor, “Koolau Mountains windward side-HDR,” 
used under a Creative Commons Attribution-NonCommercial-NoDerivs license. Right: Laysan Island, 
courtesy of Andy Collins, NOAA.)
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on subsistence agriculture or fishing, and western legal systems dominate. In American 
Sāmoa and throughout Micronesia, traditional cultural systems govern behavior and 
traditional political structures are in place. Tribal systems led by chiefs have a large in-
fluence on decision making in the RMI, the FSM, and American Sāmoa (Petersen, 2009). 

Pacific Island populations share a cultural value that links society and the environ-
ment.  Resource management and conservation are essential for healthy, stable com-
munities on islands with limited resources because overexploitation could damage or 
permanently destroy resources. A key value for survival in Hawai‘i, for instance, is 
mālama ’āina, which means caring for the land (Kawaharada, 2011). In general, Pacific 
Island cultures recognize the value and relevance of their cultural heritage and systems 
of traditional knowledge and customary law developed within their social, cultural, and 
natural contexts (e.g., Gegeo & Watson-Gegeo, 2001). At the same time, contemporary 
island communities reflect diverse ancestries that, over time, have blended to create new 
cultural values. There is an emphasis on long-term connection with lands and resources, 
with multigenerational attachment to places (Gegeo, 2001; Teddy, Nikora, & Guerin, 
2008). Climate change threatens the physical, biological, and human elements necessary 
for Pacific Island cultures to sustain their co-existence and evolving relationship with a 
defined place and to maintain their unique set of customs, beliefs, language, traditional 
knowledge, objects, and built environment. This threat is due in part to the familial and 
divine relationships certain Pacific Island cultures have with the natural world and the 
implications of severed kinship ties when places, species, and practices are lost (e.g., 
Lili’uokalani, 1997).

Economic indicators show a wide range within the region (Table 1-1). Tourism fig-
ures prominently in the GDP of most island jurisdictions. Hawai‘i, for instance, wel-
comed almost 7 million visitors to the state in 2011, generating $12.6 billion in revenue 
(Hawai‘i Tourism Authority, 2011). A large US military presence means that the defense 
sector is also an important source of income. Climate change threatens the ecosystems 
(such as forests, streams, coral reefs, and open ocean) that communities rely on for sus-
tenance and revenue. Geographic remoteness means that the cost of transport has a pro-
found influence on island economies.

The isolation of the communities of the region, from one another and from the rest 
of the world, has led to the development of technological and cultural strategies for 
responding to events such as typhoons and large inter-annual variability in rainfall. His-
torically, settlement patterns, crop diversity, food storage and preservation techniques, 
and strategies for intercommunity cooperation have evolved in different ways to cope 
with local conditions on each island (Barnett & Campbell, 2010). More recently, the re-
currence of drought in the FSM has prompted systems of rationing and strategies for 
importing water (UN Office for the Coordination of Humanitarian Affairs, 1998). 

Although isolation has proved helpful in the development of adaptations that are 
highly specific to local needs, it has limited the gathering and exchange of regional infor-
mation that could support and enhance local adaptation strategies. Scientific study is in-
hibited by the labor and costs required to maintain climate monitoring systems in such 
remote locations. At the national and global levels, decisions on adaptation strategies are 
made without good information from the region. Conversely, distribution of national 
and global scientific and policy information around the region must be translated into 
multiple languages.
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table 1-1: economic and demographic indicators for hawai‘i and the  
Us-affiliated Pacific islands

Population Adjusted 
GDP 

GDP per 
capita Major income sources Governance

Hawai‘i 1,374,810 
(2011 est.)

$66.7 billion 
(2011 est.)

$48,500 
(2011 est.)

Tourism, US military, 
construction US state

CNMI 46,050 
(2011 est.)

$900 million 
(2000 est.)

$12,500 
(2000 est.)

US payments, tourism, 
subsistence agriculture  
and fishing

Commonwealth in 
political union with  
the US

FSM 106,836 
(2011 est.)

$238.1 million 
(2008 est.)

$2,200 
(2008 est.) 

US payments as part of their 
Compact of Free Association 
agreement, subsistence 
agriculture and fishing

Constitutional 
government in free 
association with the US

Guam 183,286 
(2011 est.)

$2.5 billion 
(2005 est.)

$15,000 
(2005 est.)

US military, tourism 
(primarily from Japan), 
construction

Organized, 
unincorporated territory 
of the US

RMI 67,182 
(2011 est.)

$133.5 million 
(2008 est.)

$2,500 
(2008 est.)

US military, US payments 
as part of their Compact of 
Free Association agreement, 
subsistence agriculture and 
fishing

Constitutional 
government in free 
association with the US

RP 20,956 
(2011 est.)

$164 million 
(2008 est.)

$8,100 
(2008 est.)

Tourism, subsistence 
agriculture, and fishing

Constitutional 
government in free 
association with the US

American 
Samoa

67,242 
(2011 est.)

$575.3 million 
(2007 est.)

$8,000 
(2007 est.)

US payments, tuna fishing 
and processing

Unorganized, 
unincorporated territory 
of the US

Note: Adjusted GDP (purchasing power parity) and GDP per capita show a wide range within the region. All data 
in this table are from the World Factbook (2011), except for the Hawai‘i data, which comes from the Hawai‘i State 
Department of Business, Economic Development & Tourism (2011).
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Several region-wide initiatives aim to foster communication and information shar-
ing on climate-related topics. These include the Pacific Climate Information System 
(http://www.pacificcis.org/), Pacific Regional Integrated Sciences and Assessments pro-
gram (http://www.pacificrisa.org/), Pacific Islands Climate Change Cooperative (http://
www.piccc.net/), Pacific Risk Management O`hana (http://collaborate.csc.noaa.gov/PRiMO/), 
and the Secretariat of the Pacific Regional Environment Programme’s Pacific Climate 
Change Roundtable and Pacific Adaptation to Climate Change project (http://www.sprep.
org/pacc-home). The Micronesia Challenge represents a similar effort, with a focus on the 
Western North Pacific sub-region (http://www.micronesiachallenge.org/).

Pacific Island ecosystems

The region is home to unique natural communities of global significance. It is character-
ized by a variety of linked and interacting ecosystems that range from alpine shrublands 
to wet forests, mountain streams to mangroves, and coral reefs to deep-sea trenches that 
extend across the world’s largest ocean. The same ocean currents and winds that guid-
ed human expansion and colonization of the islands also served to transport animals, 
plants, and microorganisms across great distances. The isolated nature of the islands 
has led to ecosystems that are unique, diverse, and relatively pristine, with extremely 
large numbers of endemic species (Pratt & Gon, 1998; Sadler, 1999; Ziegler, 2002). Yet 
the region’s rich biodiversity is fragile. In addition to climate change, human-related im-
pacts from agricultural and infrastructure development mean that more than 400 island 
species are listed under the Endangered Species Act. Many of these species are found in 
a network of protected areas, including 22 National Wildlife Refuges, 11 National Park 
units, 4 Marine National Monuments, 2 National Marine Sanctuaries, and state, territo-
rial, local, and private conservation areas. Sustaining the health of ocean and coastal 
ecosystems and their accompanying resources is vital to island life. 

In January 2009, President George W. Bush 
declared three Marine National Monuments 
(MNMs) in the Western Pacific: the Pacific Remote 
Islands, Marianas Trench, and Rose Atoll. This fol-
lowed the creation of the Papahānaumokuākea 
Marine National Monument in 2006. These ma-
rine areas are home to a large diversity of species, 
including many threatened and endemic species. 
They include unique and diverse features such 
as the Ring of Fire (one of the most volcanically 

active areas on earth), which is a vast array of sea-
mounts and underwater hydrothermal vents and 
volcanoes, extensive coral reef habitats, and the 
deepest marine trench on the planet. Monument 
designation called for a stop to commercial fish-
ing and for the development of Management, Re-
search and Exploration Plans for the Monuments. 

Overall management of the Monuments is 
shared between the Department of the Inte-
rior and the National Oceanic and Atmospheric 

Box 1-1

Marine national monuments in the Pacific Islands region
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Administration (NOAA). The Department of the 
Interior has delegated its responsibility to the US 
Fish and Wildlife Service (USFWS). Collabora-
tive planning and partnerships are crucial to the 
long-term protection of these diverse and abun-
dant marine resources, so NOAA and the USFWS 
are seeking input from stakeholders regarding 
the development of the Management, Research 
and Exploration Plans. NOAA and USFWS will 
work with partners to understand and protect the 
unique natural and cultural resources within the 
Monuments through the advancement of scien-
tific research, exploration, and public education.

The Papahānaumokuākea MNM comprises 
140,000 square miles of the Pacific, approximately 
250 nautical miles northwest of Hawai‘i, and in-
cludes the Northwestern Hawaiian Islands and 
Midway Islands. In 2010, Papahānaumokuākea 
was recognized as a UNESCO World Heritage 
Site for its remarkable collection of natural and 
cultural resources. Over 7,000 marine species are 
supported by the extensive coral reefs in the area, 
with 25% of these species not found elsewhere. 
Papahānaumokuākea is also the world’s larg-
est tropical seabird nesting area: over 5.5 million 
seabirds build their nests there each year, with 14 
million residing there seasonally. Important cul-
tural and archeological artifacts are also located 
on the islands.

The Mariana Trench MNM encompasses 
96,714 square miles, including waters and sub-
merged lands around the three northernmost 
Mariana Islands; submerged lands of designated 

volcanic sites; and submerged lands of certain 
portions of the trench. The Mariana Trench con-
tains some of the deepest ocean environments 
on earth and is a refuge for seabirds, sea turtles, 
unique coral reefs, and an immense diversity of 
seamount and hydrothermal vent life. Photosyn-
thetic and chemosynthetic communities coexist 
within the monument in Maug Crater, one of only 
a few places on Earth where this is known to oc-
cur. USFWS and NOAA are to consult with the 
Secretary of Defense, the US Coast Guard, and the 
government of the Commonwealth of the North-
ern Mariana Islands in managing the monument.

The Pacific Remote Islands MNM includes 
82,129 square miles of waters around Wake, Bak-
er, Howland, and Jarvis Islands, Johnson Atoll, 
Kingman Reef, and Palmyra Atoll. These areas 
support a large number of nesting seabirds and 
coral reefs, and they contain hundreds of thriv-
ing fish species, large apex predators, and endan-
gered turtles. 

The Rose Atoll MNM encompasses 13,436 
square miles of the ocean, located 130 nautical 
miles east-southeast of American Sāmoa. The 
atoll contains an abundance of species that have 
faced depletion elsewhere. It is an important nest-
ing area for the threatened green sea turtle and 
endangered hawksbill sea turtle. The Rose Atoll 
Monument is undergoing public review for con-
sideration of being added to the Fagatele Bay 
National Marine Sanctuary. The government of 
American Sāmoa will be a cooperating agency in 
development of a monument management plan.

Box 1-1 (continued)

Box 1-1 Photo 1 Bluefin Trevally in Papah-
anaumokuakea Marine National Monument. 
(Courtesy of James Watt, uSFWS.)
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Alpine and Subalpine

Distribution: Central North Pacific 
Restricted to three volcanic mountains in the Ha-
waiian archipelago—Mauna Kea (13,796 ft.) and 
Mauna Loa (13,680 ft.) on the island of Hawai‘i, 
and Haleakalā (10,023 ft.) on the island of Maui. 
Characterized by seasonal snow but otherwise 
arid conditions, low temperatures, sparse veg-
etation, and specialist endemic fauna. The sub-
alpine zone often is demarcated by the upper 
treeline of montane forests. 

Montane Forest (wet, mesic, and dry)

Distribution: Regional 
Montane forests are found on high islands in the 
Hawaiian, Samoan, and Mariana archipelagos 
and are distinguished by rainfall and soil type. 
Rainfall ranges from 400+ inches annually in 
wet forests and high-elevation bogs (Maui and 
Kaua‘i Islands, Hawaiian archipelago) to less 
than 50 inches annually in dry forests, often lo-
cated on the leeward side of islands. Montane 
forests support tens of thousands of native spe-
cies, many unique to a particular island or area 
within an island.

Lowland Forests, Shrublands, and 
Grasslands (wet, mesic, and dry)

Distribution: Regional 

Lowland forests, shrublands, and grasslands are 
found on high and low islands throughout the 
region and experience a large range in rainfall, 
most often associated with location on wind-
ward (wet) and leeward (dry) sides of islands.

Box 1-2

Ecosystems of the Pacific Islands region

Box 1-2 Photo 2 The endemic ‘i‘wi or Hawaiian 
Honeycreeper (Vestiaria coccinea) perched on an 
endemic lobelia (Lobelia grayana) at the Waikamoi 
Preserve, Island of Maui. (Courtesy of Daniel W. 
Clark.)

Box 1-2 Photo 1 The threatened, endemic ‘ahina-
hina or Haleakala silversword (Argyroxiphium sand-
wicense subsp. macrocephalum) in full bloom on 
Maui, Hawaiian Islands. (Courtesy of NPS.)

Box 1-2 Photo 3 The fruit bat, or flying fox, in-
habits lowland, coastal, and mangrove forests in 
the Central South and Central Western Pacific. Pic-
tured is the Samoan species (Pteropus samoensis). 
(Courtesy of NPS.)
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Lava Pioneer (all elevations) 

Distribution: Hawaiian Islands 
Lava pioneer, unique to the island of Hawai‘i, is 
characterized by lava flows where soil has yet to 
form. It is quickly colonized by “pioneer” plants 
and animals.

Streams (all elevations) 

Distribution: Regional, high islands 
Streams provide freshwater habitats on all high 
islands in the region and support a number of 
native and endemic fish, shrimp, invertebrates, 
and aquatic plants.

Coastal Plain

Distribution: Regional 
Coastal plains are found on most low islands, 
some elevated coral atolls, and most high islands. 
They often harbor both wet and dry forests and/
or wetlands, and the transition from coastal 
plain to strand (beach) or mangrove is at times 
indistinguishable. Coastal plains are important 
areas for traditional agriculture.

Coastal Wetlands

Distribution: Regional 
Coastal wetlands on high and low islands 

support a variety of freshwater, brackish, and 
saltwater plant and animal communities, pro-
vide crucial habitat for resident and migratory 
waterbirds, and support traditional agriculture.

Coastal Strand

Distribution: Regional 
The coastal strand, or dunes, marks the bound-
ary between terrestrial and marine realms and is 
found on all islands and atolls in the region. Few 
intact coastal strand areas remain on inhabited 
islands due to human development pressure.

Coastal Mangroves

Distribution: West and South Pacific 
Mangroves are native to the Western Pacific and 
play an important role in maintaining coastal 
ecosystems in Micronesia. American Sāmoa 
marks the easternmost range of mangroves in-
digenous to the Pacific.

Seagrass

Distribution: Regional 

Seagrass meadows are important components of 
estuaries, bays and lagoons, fringing reef, barrier 

Box 1-2 (continued)

Box 1-2 Photo 5 A Hawaiian monk seal (Mona-
chus schauinslandi) and red-footed boobies (Sula 
sula) resting in the Northwestern Hawaiian Islands. 
(Courtesy of uSFWS.)

Box 1-2 Photo 4 The endemic ‘ohi‘a lehua (Me-
trosideros polymorpha) is found in montane, 
lowland, and lava pioneer ecosystems throughout 
the Hawaiian Islands. (Courtesy of D. Spooner.)
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reef, and deepwater areas. Seagrasses are the 
only flowering plants that can live underwater, 
and they provide foraging and sheltering habitat 
for a variety of species.

Coral Reefs

Distribution: Regional

Coral reefs are one of the most biologically di-
verse ecosystems on the planet, supporting com-
plex communities from shallow to deep waters. 
Deepwater corals are some of the oldest organ-
isms on earth, with 4,000-year-old corals identi-
fied in the Hawaiian archipelago.

Pelagic

Distribution: Regional 

The pelagic (open-ocean) realm dominates the 
Pacific Islands region, supporting a diverse web 
of organisms, including microscopic plankton, 
fishes, marine reptiles, marine mammals, and 
seabirds.

Undersea Volcanoes and Thermal Vents

Distribution: Regional 

Undersea volcanoes and thermal vents support 
unusual life forms that thrive in complete dark-
ness in highly acidic and boiling water.

Abyssal

Distribution: Regional 

At the bottom of the ocean is the abyssal zone, 
supporting deep benthic communities of bac-
teria, shellfish, fish, and other organisms. The 
Mariana Trench is the deepest point on Earth 
(10,994 meters), which is deeper than the height 
of Mount Everest above sea level.

Box 1-2 (continued)

Box 1-2 Photo 6 A giant trevally (Caranx ignobilis) 
foraging in a seagrass meadow. (Courtesy of NOAA.)

Box 1-2 Photo 7 The coral reefs in American 
Samoa support a diversity of species, including the 
beaded sea anemone (Heteractic aurora). (Courtesy 
of Paul Brown, NPS.)

Box 1-2 Photo 8 Whales are the largest inhabitants 
of the pelagic (open) ocean areas of the Pacific Is-
lands. Pictured here are humpback whales (Megap-
tera novaeangliae). (Courtesy of NOAA.) 
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Weather and climate 

Because of its proximity to the Equator, the Pacific Islands region experiences relatively 
small seasonal variations in air temperature. In contrast, rainfall varies widely by season 
and location. The islands of the region all have distinct wet and dry seasons that loosely 
correspond to winter and summer months. However, the timing, duration, and intensity 
of these seasons, like the weather and climate in general, vary due to the combinations of 
atmospheric and ocean circulation patterns that are unique to each sub-region. 

The dominant “centers of action” with respect to atmospheric circulation in the Cen-
tral North Pacific are the North Pacific High (NPH), the Aleutian Low (AL), and the 
Intertropical Convergence Zone (ITCZ) (see Appendix A). In the Western North Pacific, 
important elements include the East Asian and Western Pacific monsoon system. In the 
Central South Pacific, in particular the area around American Sāmoa, the South Pacific 
Convergence Zone (SPCZ) is highly influential. The oceanic circulation of the region is 
dominated by the westward-flowing tropical branches of the North and South Pacific 
Gyre systems, namely the North and South Equatorial Currents (NEC, SEC) and, to a 
lesser degree, the eastward-flowing North Equatorial Counter Current (NECC) and the 
cold Equatorial Undercurrent (EUC) that flows eastward beneath the SEC at the equa-
tor and feeds the equatorial upwelling within the eastern tropical Pacific. The role of the 
ocean in controlling weather and climate cannot be underestimated. Sea-surface tem-
perature, for example, affects tropical cyclone formation. The ocean (and the coupled at-
mospheric as well as chemical and biological) system redistributes heat from the tropics 
to the poles (as well as moisture, dissolved oxygen, nutrients, and so forth). It also serves 
as a global sink for heat and carbon dioxide. 

Central North Pacific

Weather and climate in the Central North Pacific sub-region (CNP) are strongly influ-
enced by the NPH and associated northeast trade winds, which blow about 75% of the 
year. During the winter in the northern hemisphere, the NPH is located closer to the 
equator and on average is smaller, weaker, or even absent (Figure 1-3). The winter is 
also when the AL is large, most intense, and located farther south, with the associated 
prevailing winds from the west reaching as far south as 28°N. It is during this time 
that extra-tropical cyclones regularly spin-up off the AL and drop into the prevailing 
west winds. These storms lead to the high waves that reach the northern shores of the 
Hawaiian Islands. During the northern hemisphere summer, the AL is located farther 
north and is impermanent or nonexistent, whereas the NPH reaches its peak size and 
northernmost position. Trade winds, blowing from the east, extend correspondingly, on 
average to 35°N. The frequency of rainfall associated with the trade winds also increases 
(NOAA Pacific Storms Climatology Products, n.d.).

Western North Pacific

Weather and climate in the Western North Pacific sub-region (WNP) are shaped by its 
proximity to the NPH, associated trade winds, and the monsoon trough, a local manifes-
tation of the ITCZ, a zone of converging winds and relatively high rainfall. The position 
of the monsoon trough varies seasonally. From May to October, it moves through the 
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sub-region, bringing each island its rainy season. The trade winds are stronger and last 
longer in the northern and eastern parts of the sub-region (closest to their origin in the 
NPH). They can also generate high surf (NOAA Pacific Storms Climatology Products, 
n.d.). The trade winds are more persistent during the winter months and less persistent 
during the summer months when the monsoon trough expands, creating strong winds 
from the southwest (Kodama & Businger, 1998). The trade winds are most persistent 
in RP and the southwestern parts of the sub-region, episodic on Guam, and rarely felt 
in RMI to the northeast (Bridgman & Oliver, 2006; NOAA Pacific Storms Climatology 
Products, n.d.). The monsoon trough activity makes the WNP the most active tropical 
cyclone basin, with an annual average of approximately 26 cyclones reaching tropical 
storm strength or greater (Knapp et al., 2010).

Central South Pacific

The weather and climate of the Central South Pacific sub-region (CSP) are affected by 
the South Pacific Convergence Zone (SPCZ). Like the ITCZ, the SPCZ is a zone of con-
verging winds and relatively high rainfall. Trade winds dominate from May to Octo-
ber, although the winds originate from subtropical high-pressure areas in the southern 
hemisphere instead of the NPH. Rainfall varies widely by season: approximately 75% of 
annual rainfall occurs from November to April, when the SPCZ is located about halfway 
between Western Sāmoa and Fiji. During the dry season, the SPCZ moves out of the area 
and often becomes weak or inactive (Australian Bureau of Meteorology & CSIRO, 2011). 
Heavy rainfall in this sub-region is primarily associated with tropical cyclones.

Figure 1-3 Northern hemisphere summer (June–August) versus winter (December–February) plots of 
the annual average atmospheric pressure at sea level (SLP). In June–August (left), the area of strong 
average high pressure (orange) that extends across the CNP corresponds to the NPH. In December–
February (right), the area of strong average low pressure (purple) centered on the Gulf of Alaska 
corresponds to the AL. (Courtesy of NOAA eSRL Physical Sciences Division.)
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Inter-annual and interdecadal variability 

High inter-annual and interdecadal variability is a characteristic feature of the climate 
in the Pacific Islands region. Seasonal patterns of variability are influenced by El Niño-
Southern Oscillation (ENSO). ENSO is associated with changes in a number of coupled 
oceanic and atmospheric conditions across the Pacific, including differences in atmo-
spheric pressures in an east-west direction along the equator through the tropics, its 
effect on the trade winds, sea-surface height (SSH), sea-surface temperature (SST), the 
position of the jet streams and storm tracks, and the location and intensity of rainfall 
(Wyrtki, 1975; Trenberth, 1991; IPCC, 2007; Australian Bureau of Meteorology & CSIRO, 
2011). The two extremes are the warm phase (El Niño event) and the cold phase (La 
Niña event) (Figure 1-4). El Niño is characterized by decreased trade wind activity, 
which allows the warm waters gathered by the winds into the western Pacific to flow 
eastward. This warming is coupled with an eastward shift in convective cloudiness and 
rainfall. During La Niña, this pattern is reversed: stronger trade winds allow the area of 
cold SSTs in the eastern Pacific to become larger. Occurring roughly every 3 to 7 years 
with events generally persisting for 6 to 18 months, ENSO maintains a pattern that gives 
it a level of predictability yet retains some variability in its occurrence, magnitude, and 
climate consequences around the world (Cane, 2005).

The effects of ENSO on the region are significant (Giambelluca et al., 2011), and they 
vary among the sub-regions (Figure 1-5). In the CNP, weakened trade winds during El 
Niño events reduce rainfall and cause dry conditions throughout the Hawaiian Islands; 
rainfall is higher during La Niña. Elsewhere in the Pacific, the situation is more complex. 

Figure 1-4 el Niño and La Niña events. During el Niño (left), the trade winds decrease, ocean water 
piles up off South America, the SST increases in the eastern Pacific, and there is a shift in the prevail-
ing rain pattern from the western Pacific to the western Central Pacific. During La Niña (right), the 
trade winds increase, ocean water piles up in the western Pacific, the SST decreases in the eastern 
Pacific, and the prevailing rain pattern also shifts farther west than normal. (Courtesy of NOAA National 
Weather Service.)
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Dry conditions prevail across much of the WNP during El Niño. In the CSP, the location 
of the SPCZ shifts during El Niño, causing heavy rainfall or dry conditions depending 
on the strength of the particular event and the island location (Australian Bureau of 
Meteorology & CSIRO, 2011). The frequency and intensity of subtropical cyclones (hur-
ricanes, typhoons) are also affected by ENSO (Lander, 2004; Maue, 2011). In the Western 
North Pacific, typhoons tend to be more intense in El Niño years (Gualdi et al., 2008).

The weather and climate patterns of the region are also influenced by longer, multi-
decadal periods of coupled atmospheric-oceanic conditions, such as the Pacific Decadal 
Oscillation (PDO) (Mantua et al., 1997; D’Aleo & Easterbrook, 2010). The PDO is char-
acterized by alternating periods of dominance of El Niño (warm phase) versus La Niña 
(cold phase) and corresponding changes in atmospheric circulation, ocean circulation, 
SST, SSH, and so forth throughout the whole Pacific Basin. These PDO phases tend to 
persist for 20 to 30 years (D’Aleo & Easterbrook, 2010). It is generally agreed that a warm 
phase of more frequent, longer, and stronger El Niños occurred from about 1976 to 1998. 
A shift back to the cold phase of La Niña appears to have commenced in 1999, and it 
is anticipated these conditions may persist for the next two or three decades. Decadal 
to interdecadal variability linked to the PDO is most conspicuous in the North Pacific, 
where fluctuations in the strength of the winter Aleutian Low pressure system co-vary 
with North Pacific SST (IPCC, 2007). Although nearly identical, the Interdecadal Pacific 
Oscillation (IPO, compared to the PDO) applies to the broader (south as well as north) 
Pacific (IPCC, 2007). Recently, considerable attention has focused on observed variations 
in ENSO at decadal time scales (Maue, 2011). Specifically, during the past two decades, 
in contrast to classical El Niño with eastern tropical Pacific warming, the occurrence of 
central Pacific warming episodes referred to as El Niño Modoki events has noticeably 
increased relative to classical El Niño events, which are characterized by warming of the 
eastern Pacific (Lee & McPhaden, 2010; Maue, 2011).

Figure 1-5  Precipitation 
during el Niño in the 
northern hemisphere 
winter. (Courtesy of 
NOAA Pacific Marine 
environmental Laboratory.)
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The Pacific Ocean covers approximately one-third 
of the Earth’s surface and plays a significant role 
in determining the complex global dynamics 
among the ocean, atmosphere, and land systems 
that shape the Earth’s climate. Within the Pacific 
Islands region, climatological prediction in the 
tropics, and to a lesser degree outside the tropics, 
is tightly linked to our ability to accurately predict 
tropical sea-surface temperature (SST) (Kumar & 
Hoerling, 1998; Goddard et al., 2001; Annamalai 
et al., 2011). 

Tropical SST variations in the Pacific are domi-
nated by natural short-term cycles such as El Niño-
Southern Oscillation (ENSO) events (Ropelewski 
& Halpert, 1987; Kiladis & Diaz, 1989) and the In-
terdecadal Pacific Oscillation (IPO), which is the 
manifestation of the Pacific Decadal Oscillation 
(PDO) in both the southern and northern hemi-
spheres (Meehl et al., 2009). 

As a result of these short-term cycles, vari-
ability in annual rainfall for the Pacific Islands 
is much higher than in regions not affected by 

ENSO. Specifically, ENSO magnifies the magni-
tude of inter-annual rainfall fluctuations in the 
Pacific by one-third to one-half as compared to 
unaffected  areas (Nicholls, 1988). This short-term 
variability obscures long-term trends and patterns 
in historical data resulting from climate change 
(Madden, 1976): signals in temperature and pre-
cipitation that are more easily detected in other 
areas of the globe are hidden by ENSO noise in 
the Pacific region. This relatively high internal 
climate variability results in a low signal-to-noise 
ratio in the region, patterns in long-term climate 
variables (such as temperature and precipitation)
(Kumar & Hoerling 1998; Meehl et al., 2009; Deser 
et al., 2010b). 

Although ENSO and IPO cycles make it dif-
ficult to predict future regional climate at time 
scales of decades to centuries, the value of global 
and regional climate models is that they can pre-
dict with substantial confidence how the long-
term average climate will change as a result of 
natural and human-induced factors (Figure 1-6). 

Observations and monitoring

Long-term, continuous, and high-quality observations of the environment, including 
chemical and biological variables as well as physical variables such as air temperature, 
rainfall, and sea-surface temperature, are critical for understanding the current and 
future state of the weather and climate in the region. “Climate-quality” data are criti-
cal not only for understanding the dynamics of natural processes but also for ensuring 
the accuracy of models that simulate possible and probable future impacts of climate 
change and variability. Because the majority of the Pacific Islands region is ocean, a 
robust ocean observational network is key to understanding local climatic phenomena. 
Land-based networks of long-term stream and rainfall gauges, as well as temperature, 
evapotranspiration, and wind stations, for example, are also essential. 

Globally, significant progress has been made in the past 20 years in coverage and 
technological capability. The Global Climate Observing System (GCOS), a component 
of the Global Earth Observation System of Systems (GEOSS), has documented the 

Box 1-3

Distinguishing climate variability from climate change in the Pacific
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appropriate variables as “essential climate variables” (ECV). Much of the required data 
covering 50 ECVs is routinely collected by observing systems. However, many key re-
gions and climatic zones remain poorly observed, and many of these observing systems, 
particularly those of non-satellite based atmospheric and terrestrial networks, have 
been in severe decline in quality and overall scientific veracity over the past few decades 
(IPCC, 2007; Trenberth, 2008; Manton et al., 2010; Karl et al., 2010). This decline in moni-
toring networks is particularly evident in the Pacific Islands region.

For example, if a short-term extreme event such as 
a drought occurs in the future when the average 
climate is drier than it is currently, the net result 

could be a drought that exceeds similar dry condi-
tions in the past.

Box 1-3 (continued)

Figure 1-6 Simulated natural versus human-induced global temperature, 1890–2000. using an ensemble of 
four climate models, scientists can differentiate between human-induced trends and natural trends in long-term 
global climate variables. Here, the observed change in global annual air temperature (black line) is compared 
to the predicted range of air temperature with only natural climate variability (blue line with blue shading) and 
the predicted range with both natural plus human-induced factors (red line with pink shading). Natural factors 
include volcanic and solar activity, while human-induced activity adds the effects of greenhouse gases, sulfates, 
and ozone (Meehl et al., 2009). In the Pacific region, high eNSO-related variability makes it more difficult to sepa-
rate the long-term and short-term trends. (From Meehl et al. [2009] by permission of American Meteorological 
Society.)
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Over the past few decades, satellites and other types of observing systems such as 
drifters and gliders (e.g., Argo profiling floats and Autonomous Underwater Vehicles, 
or AUVs) have revolutionized our understanding of the climate system. With respect 
to sea-level rise (SLR), for example, satellite altimeters along with the Gravity Recovery 
and Climate Experiment (GRACE) project and Argo have been providing detailed mea-
surements of sea-surface height across the ocean surface and tracking the factors that are 
critical to understanding the global sea-level budget (Leuliette & Miller, 2009; Leuliette 
& Willis, 2011). These systems are not working alone. In the Pacific, a robust network of 
sea-level stations, including those in NOAA’s National Water Level Observation Net-
work (NWLON) and the larger Global Sea Level Observing System (GLOSS) Global 
Core Network (GCN), monitor local water levels and help to calibrate and validate the 
space-based observations. 

Unfortunately, similar progress cannot be reported with respect to systems making 
in situ measurements of other important parameters such as surface temperature, pre-
cipitation, and water resources. Rather, many of these systems in the region have been 
in decline over the past few decades. In Hawai‘i, for example, both the number of active 
rain gauges and the number of streamflow gauges have decreased dramatically since 
the 1960s (Giambelluca et al., 2011; Oki, 2004). Elsewhere in the region, the situation is 
worse and is exacerbated further by the lack of resources needed to support data man-
agement as well as maintain observing systems and associated infrastructure. For other 
observing systems and monitoring methods, decline is not the primary issue: adequate 
networks and protocols have never been established. For example, few long records 
of wave height are available for the region on the whole. Similarly, more GPS stations 
and longer time series are needed to better assess local land motion. The collection of 
ecosystem-related data, while improving, is insufficient. In addition, there is an urgent 
need to link physical, chemical, and biological observations with socioeconomic data as 
a means to better understand and predict impacts. Providing a robust observing system 
goes beyond addressing the needs of the region. Considering the role the Pacific plays in 
the global climate system along with the existence of unique and pristine ecosystems in 
the region, enhanced monitoring affords an opportunity to advance the overall state of 
knowledge and assess the impacts of climate change.

models and projections

Global climate models (GCMs), which simulate the workings of the climate systems, 
provide a basis for projecting future climate change. Greenhouse gas emissions “sce-
narios” are used to drive model runs. Typical results reflect output from multiple runs 
of multiple models. For example, in the Fourth Assessment Report (AR4) of the Inter-
governmental Panel on Climate Change (IPCC), 18 global modeling centers contributed 
outputs from hundreds of simulations coordinated through the Coupled Model Inter-
comparison Project Phase 3 (CMIP3). Generally recognized sources of uncertainty in 
GCM outputs include incomplete understanding of (a) the factors that govern climate 
change, chiefly the sources and sinks of human-induced factors; (b) the response of the 
climate system to those factors; and (c) the role of natural variability (Mote et al., 2011).

Previous assessments by the IPCC used four categorizations for their scenarios of 
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The longest high-quality record of atmospheric 
carbon dioxide (CO2) is on Hawai‘i Island at the 
Mauna Loa Observatory, an atmospheric research 
station at an elevation of 11,141 feet above sea 
level. The Mauna Loa Observatory has been re-
cording atmospheric CO2 since the mid-1950s and 
is a valuable record because of the undisturbed 
air, minimal human influence, and remote loca-
tion. The record of CO2, also known as the Keeling 
Curve (after Charles Keeling), is a crucial resource 
for building models of global climate (Figure 1-7).

HaleNet I was established in 1988–90 and 
consists of two transects of climate stations along 
the leeward and windward slopes of Haleakalā 
National Park on the island of Maui, Hawaiian 
Islands. Spanning elevations from 3,117 to 9,843 
feet, HaleNet I provides baseline data for moni-
toring climate variability and change as well as 
ecological responses. HaleNet II was established 
in 1992 on the windward slope of Haleakalā to 

document baseline conditions and response to El 
Niño–induced droughts from the heart of mon-
tane forest up through the treeline and trade 
wind inversion layer. HaleNet provides the only 
long-term terrestrial bioclimate monitoring data 
set in the Pacific Islands and is an important re-
source for understanding ecological responses to 
changing climatic conditions (see http://climate.so-
cialsciences.hawaii.edu/HaleNet/HaleNet.htm).

Station ALOHA is an oceanographic research 
area located about 60 nautical miles north of the 
island of O‘ahu (University of Hawai‘i at Mānoa, 
2012). For more than 20 years, monthly research 
cruises to Station ALOHA have yielded the most 
detailed record to date on ocean acidification in 
the Pacific. The cruises were conducted under the 
Hawai‘i Ocean Time-series program (HOT) estab-
lished in 1988 by Dave Karl and Roger Lukas of 
the School of Ocean, Earth Science and Technolo-
gy (SOEST) at the University of Hawai’i at Mānoa. 

Box 1-4 Photo 1 The Mauna Loa Observatory sits at an elevation of 11,141 feet above sea level on Hawai‘i 
Island and is the site of the longest high-quality record of atmospheric carbon dioxide, known as the Keeling 
Curve. Funding to maintain the station has been in jeopardy since the station started taking measurements in 
the mid-1950s. (© Forest M. Mims III. used with permission.)

Box 1- 4

The value of high-quality observations and monitoring: Mauna Loa 
Observatory, HaleNet, and Station ALOHA
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Station ALOHA currently includes a seafloor ob-
servatory, which measures salinity, temperature, 
and currents, as well as hydrophones and a cam-
era for monitoring deep-sea activity.

Data from the Mauna Loa Observatory, Ha-
leNet, and Station ALOHA have proven invalu-
able to science. However, maintaining these 
observing capabilities is a challenge. Funding for 
the Mauna Loa Observatory has been in jeopardy 
as long as it has existed. The station has mostly 

remained open due to the tireless efforts of small 
groups of passionate atmospheric scientists who 
put together small amounts of funding to support 
“routine monitoring,” a category that funding 
agencies prefer to overlook in favor of research 
(Weart, 1997). Without data to support it, there 
can be no research. Additional ways to secure 
more support are needed to maintain this net-
work of monitoring stations.

Figure 1-7 The Keeling 
Curve: observed 
atmospheric CO2, 1958–
2011. (Courtesy of Dr. 
Pieter Tans, NOAA eSRL, 
and Dr. Ralph Keeling, 
Scripps Institution of 
Oceanography.)

Box 1- 4 (continued)

future emissions and climate, each with different assumptions about future population, so-
cioeconomic conditions, and technological advances: A1, A2, B1, and B2 (Meehl et al., 2007). 
The A1 scenario assumes a future with very rapid economic growth, a global population that 
peaks mid-century, and rapid development and use of efficient technology. The B1 scenario 
uses the same population assumptions as A1, with more rapid socioeconomic changes, toward 
a service and information economy. B2 has intermediate population and economic growth 
while focusing on local solutions and environmental stability. The final A2 scenario has high 
population growth and slow economic development and technological change. Many groups 
of climate modelers use these scenarios to simulate a range of potential future conditions. The 
A2 and B1 scenarios are used in the PIRCA report.

Figure 1-8 shows CMIP3 multi-model mean annual temperature for Hawai‘i in three future 
time periods (2035, 2055, 2085) and two emissions scenarios (A2, B1). Predicted temperatures 
increase steadily compared to 1971–2000, representing a continuation of the upward trend 
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in mean temperature in the region over the past century. Temperatures are consistently 
higher for the A2 scenario, and there is little or no spatial variation, especially for the A2 
scenario. For 2035, B1 values range from 0.56° to 1.11°C (1° to 2°F), and A2 values range 
from 0.83° to 1.11°C (1.5° to 2°F) higher than values for 1971–2000. For 2055, B1 values 
range from 0.83° to 1.39°C (1.5° to 2.5°F), and A2 values range from 1.67° to 1.94°C (3° to 
3.5°F) higher. Increases by 2085 are larger still, ranging from 1.39° to 1.67°C (2.5° to 3°F) 
for B1 and from 2.5° to 2.78°C (4.5° to 5°F) for A2 higher than 1971–2000 values. The sign 
and magnitude of the trends indicated in projections are in general agreement with the 
trends found in historic observations (discussed in detail in Chapter 2).

Although predictions are less certain than those for mean annual temperature, the 
CMIP3 multi-model shown in Figure 1-8 also predicts annual rainfall for Hawai‘i for the 
three future years (2035, 2055, 2085) and two emissions scenarios (A2, B1), showing a gen-
eral south-north gradient in changes. Despite a downward trend over the past century, 
by 2085 the southern parts of the state show relatively large increases while the northern 
areas show slight decreases. This gradient increases in magnitude as time progresses for 
both scenarios. The largest south-north differences are for the A2 scenario in 2085, vary-
ing from an increase of 7.5% over 1971–2000 values south of the Big Island to a decrease of 
3.5% in Kaua‘i. The weakest difference occurs for the B1 scenario in 2035, with decreases 
of 0.5% to 2.5% below values for 1971–2000. The weakest difference occurs for the B1 
scenario in 2035, with decreases of 0.5% to 2.5% below values for 1971–2000. Individual 

Figure 1-8 Multi-model mean annual differences in (left) temperature (°F) and (right) precipitation (%) 
in Hawai‘i between the three future periods and 1971–2000, from the 15 CMIP3 model simulations. 
(Courtesy of Ken Kunkel, NOAA NCDC and North Carolina State university.)
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model realizations from the multi-model predictions of regional precipitation gener-
ally have more variability and therefore more uncertainty than those associated with 
temperature. However, this uncertainty can be reduced by improving regional model 
downscaling.

For the Central South Pacific sub-region, CMIP3 models project that annual surface 
air temperatures (SATs) for both B1 and A2 emissions scenarios will range from 0.61° to 
0.72°C (1.1° to 1.3°F) higher than 1971–2000 values by 2030, 1.06° to 1.39°C (1.9° to 2.5°F) 
higher by 2055, and 1.39° to 2.67°C (2.5° to 4.8°F) higher by 2090 (Australian Bureau of 
Meteorology & CSIRO, 2011). Warming trends are also projected for the WNP, with an-
nual SATs for both scenarios ranging from 0.61°C to 0.72°C (1.1° to 1.3°F) higher by 2030, 
1.06° to 1.44°C (1.9° to 2.6°F) higher by 2055, and 1.5° to 2.83°C (2.7° to 5.1°F) higher by 
2090 (Australian Bureau of Meteorology & CSIRO, 2011). The intensity and frequency of 
days of extreme heat are also projected to increase over the course of the 21st century for 
all regions (with very high confidence).

Although predictions of higher temperature are consistent with the historic trend, 
predictions of higher rainfall are not. And, as noted in Appendix B, there are also sub-
stantial differences among projections by specific models. These two findings highlight a 
critical area for future research. Another important consideration with respect to model 
projections is inadequate spatial resolution. “Regional downscaling” is needed, in par-
ticular, to address issues related to the geography and associated atmospheric dynamics 
of the high islands. While downscaling at higher resolutions will be beneficial for all US 
regions, it is crucial for Hawai‘i and the USAPI, as islands were too small to appear as 
landforms at the scale used for GCMs in the IPCC AR4 in 2007. Adequate spatial and 
temporal resolution is critical if model outputs are to be used to assess impacts and sup-
port climate adaptation planning. Appendix B discusses issues related to downscaling 
as well as the results of current efforts to improve spatial resolution.

Finally, natural year-to-year variability represents an additional complicating fac-
tor in determining the mean response of tropical Pacific circulation patterns to climate 
change (as described earlier in this chapter). The goal of developing scenarios is perhaps 
best viewed as helping to distinguish the slowly varying central tendency of climate 
change from shorter-term variations. In the region, short-term variations are important 
(and even dominant) when the objective is to identify and interpret climate change on 
small scales of time and space (Mote et al., 2011; Hawkins & Sutton, 2010; Giorgi, 2005). 

Indicators of a changing climate in the Pacific Islands region

Despite the challenges of distinguishing natural variability from long-term changes, and 
in analyzing historic and projected trends, several key indicators reflect observed change 
and can serve as a basis for monitoring and evaluating future change (Figure 1-9).

• Carbon dioxide (CO2) concentrations are rising. Since the start of the industrial 
revolution, the concentration of CO2 in the atmosphere has increased by roughly 
35 percent (NOAA NCDC, 2011). As of May 2012, CO2 measurement from 
the Mauna Loa observatory was 396.78 parts per million (ppm). Over the last 
800,000 years, atmospheric carbon dioxide (CO2) concentrations have varied 
within a range of about 170 to 300 ppm. 
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• Surface air temperature is rising. Air temperature has increased throughout 
the region. In Hawai‘i, average temperatures for all stations increased by 0.08°F 
per decade over the period 1919 to 2006. In recent years, the rate of increase 
has been accelerating, particularly at high elevations (Giambelluca et al., 
2008). In the WNP, observed maximum and minimum temperatures increased 
over the past 60 years (Kruk et al., 2012; Lander & Guard, 2003; Lander & 
Khosrowpanah, 2004; Lander, 2004). In the CSP, there has been a general 
warming trend in average, minimum, and maximum temperatures since the 
1950s (Australian Bureau of Meteorology & CSIRO, 2011). Annual surface 
air temperatures are projected to increase for the entire Pacific Islands region 
under A2 and B1 emissions scenarios (Australian Bureau of Meteorology & 
CSIRO, 2011). 

Sea Surface Temperature Rising

Sea Level Rising

Carbon Dioxide Concentrations Rising

Ocean Heat Content Rising

Surface Air Temperature Rising

Rainfall Changing

Winds and Waves Changing

Extreme Events Changing

Ocean Chemistry Changing

Habitats and Species
Distributions Changing

Baseflow in Streams Decreasing

Figure 1-9 Indicators of climate change in the Pacific Islands region. (Courtesy of Susan Yamamoto, 
Geovision. Adapted from “Ten Indicators of a Warming World,” in NOAA National Climatic Data Center, 
State of the Climate 2009 [report].)
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• Sea level is rising. Global mean sea level has been rising at an average rate of 
approximately 0.13 inches +/-0.02 inches (3.4 mm +/- 0.4 mm) per year since 
the early 1990s (Nerem et al., 2010). This rate, based on satellite altimeter 
measurements, is twice the estimated rate for the 20th century based on tide-
gauge measurements (Church & White, 2006; Bindoff et al., 2007). Rates of sea-
level rise in the region during the altimetry period exceed the global rate, with 
the highest increases occurring in the WNP (Cazenave & Llovel, 2010; Nerem 
et al., 2010; Timmermann et al., 2010). Regional changes exceeding the global 
average are attributed to changes in wind, as well as natural climate variability 
(Di Lorenzo et al., 2010; Bromirski et al., 2011; Merrifield, 2011). Globally, 
much of the SLR to date is a result of thermal expansion associated with ocean 
warming. The global rate is expected to increase as melting land ice (e.g., from 
Greenland and mountain glaciers) adds water to the ocean. 

• Sea-surface temperature is rising. Since the 1970s, sea-surface temperature 
(SST) has increased at a rate of 0.13° to 0.41°F (0.07° to 0.23°C) per decade, 
depending on the location. Projected increases in SST for the Pacific Islands 
region range from 1.1° to 1.3°F by 2030, 1.6° to 2.5°F by 2055, and 2.3° to 
4.9°F by 2090 under B1 and A2 emission scenarios (Australian Bureau of 
Meteorology & CSIRO, 2011).

• Upper-ocean heat content is rising (stratification is changing). While ocean 
heat content varies significantly across time and place due to changing ocean 
currents and natural variability, there has been a strong warming trend in 
recent decades (NOAA NCDC, 2011). Model projections show a 30% expansion 
of subtropical areas by 2100, whereas temperate and equatorial areas decrease 
by 34% and 28%, respectively (Polovina et al., 2011). This is due primarily to 
enhanced stratification and a northward shift in the prevailing mid-latitude 
winds blowing from the west. 

• Ocean chemistry is changing. When human-induced carbon dioxide is 
absorbed by seawater, chemical reactions occur that reduce saturation states of 
the minerals calcite and aragonite (a process referred to as ocean acidification). 
Surface pH has dropped by 0.1 pH units and is projected to decline an 
additional 0.2 to 0.3 pH units by 2011 (Doney et al., 2012; Feely et al., 2009). 
Aragonite is critical to reef-building coral, and annual maximum saturation 
state is projected to drop below 3.5 by 2035 to 2060 around the Pacific with 
continuing decline thereafter (Australian Bureau of Meteorology & CSIRO, 
2011). 

• Rainfall amount and distribution are changing. Over the past century, rainfall 
has decreased throughout Hawai‘i (Oki, 2004; Chu & Chen, 2005; Diaz et al., 
2005, 2011; Giambelluca et al., 2011; Elison Timm et al., 2011). From 1954 to 
2011, rainfall also decreased in eastern Micronesian islands such as Majuro and 
Kwajalein. In contrast, rainfall has increased slightly in western Micronesian 
islands (Bailey & Jenson, 2011; Jacklick et al., 2011). In the CSP, long-term 
precipitation records show no visible or significant trend (Young, 2007). 
Statistical downscaling by Elison Timm and Diaz (2009) projected the most 
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likely precipitation scenario for Hawai‘i for the 21st century to be a 5% to 10% 
reduction for the wet season and a 5% increase in the dry season.

• Stream base flow is decreasing. Eight of the nine long-term stream gauges in 
Hawai‘i show statistically significant decreases in base flow, the groundwater 
component of streamflow, from 1913 to 2008 (Oki, 2004; Bassiouni & Oki, 2012).

• Winds and waves are changing. In the WNP, the strength of the trade winds 
has increased since the early 1990s; correspondingly, sea level has risen 
(Merrifield, 2011; Merrifield & Maltrud, 2011). Observations from wave buoys 
suggest that wave heights have increased in the North Pacific over the past 
century (Ruggiero et al., 2010; Seneviratne et al., 2012). 

• Extremes are changing (e.g., drought, rainfall, coastal inundation). 
Throughout Hawai‘i, there is a trend toward fewer extreme rainfall events 
(exceeding 10 inches in 24 hours) and a propensity toward longer dry periods 
(Chu et al., 2010). The annual number of maximum consecutive dry days 
occurring during the 1980–2011 time period increased compared to years 1950–
1970 (Chu et al., 2010). Since the 1950s, there have been fewer extreme rainfall 
events (exceeding 10 inches in 24 hours) in Guam and the CNMI (Lander & 
Guard, 2003; Lander & Khosrowpanah, 2004). The WNP basin (the world’s 
most prolific typhoon basin) has been very calm in recent years (Knapp et al., 
2010; Maue, 2011). The CNP also appears to be experiencing fewer tropical 
cyclones (Chu, 2002). In contrast, tide-gauge observations at Midway Atoll, 
in the Hawaiian archipelago, suggest that the number of storm wave events 
originating from outside the tropics has increased significantly over the past 50 
years (Aucan et al., 2012).

• Habitats (and species distributions) are changing. Significant, widespread 
ecosystem changes have occurred in the Pacific Islands region, and continued 
change is highly likely. Many coral reefs are endangered and perhaps dying due 
to the cumulative effects of fishing practices, land-based sources of pollution, 
sedimentation, physical damage from anchors and vessels, coastal development, 
invasive species, and changes in ocean temperature and chemistry. Changes 
in distribution of open-ocean fish species are associated with changes in ocean 
temperatures (Polovina et al., 2011). Coastal wetlands and mangrove areas are 
becoming more saline over time, with increased inundation from high waves, 
and Pacific Island mangroves may be substantially reduced by 2100 (Gilman et 
al., 2008). Projections of temperature and rainfall suggest that by 2100, climate 
change will have created new, coastal low-elevation growth conditions in areas 
that are already dominated by invasive species. At higher elevations, some wet 
native ecosystems will no longer exist by 2100.

Impacts of a changing climate in the Pacific Islands region

Decision makers in all sectors are faced with addressing the impacts of the chang-
ing climate in the Pacific Islands region. Key climate-related vulnerabilities facing the 
region’s natural resources and the communities that rely upon those resources are 
summarized below. 
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Low islands, coral reefs, nearshore and coastal areas on high islands, and high- 
elevation ecosystems (particularly alpine and subalpine) are most vulnerable to climatic 
changes. In marine ecosystems, large-scale changes in wind regimes, thermal stratifi-
cation, and ocean chemistry affect phytoplankton distribution (Polovina et al., 2008), 
which, in turn, will likely change the distribution of species all along the food chain. 
Species dependent on fixed islands for breeding, however, such as seabirds, may not be 
able to adapt to these changing conditions (Frederiksen et al., 2004). Rates of coral reef 
formation are declining, presumably due to ocean acidification (Cooper et al., 2008), and 
coral bleaching due to extreme sea-surface temperatures is becoming more frequent and 
widespread (Veron et al., 2009). Seagrass and mangrove ecosystems, which serve as for-
aging areas and nursery habitat for many coastal species, are expected to diminish due 
to the combined effects of increased air and sea temperature, sea-level rise, drought, and 
increased runoff and sedimentation (Waycott et al., 2011). 

Coastal and atoll island ecosystems will be affected by high waves during storms, 
which will reshape and move islets and beaches and increase salinity. These changes 
will reduce or eliminate endemic terrestrial species, seabird colonies, sea turtle nests, and 
human presence on many small islands. Freshwater ecosystems face a gradual decline 
of native aquatic species as rainfall and streamflow decline. Invasive species of plants 
and animals are established and expanding in many island forests, and their response to 
climate change will interact with those of native species to determine the composition of 
future ecosystems. Existing climate zones are projected to shift, generally upslope, with 
some eventually disappearing (Benning et al., 2002). Because many island species are 
endemic, the loss of a species from an island ecosystem often means global extinction.

Warmer and drier conditions mean that freshwater supplies will become more limited 
on many Pacific Islands. Low islands are especially vulnerable to freshwater shortages 
due to their small size and limited resources. Food security will be affected if prolonged 
drought threatens crop productivity or if storms damage infrastructure such as crop and 

Photo 1-1 The coastal 
ecosystems of the Pacific Islands 
region serve as a nesting ground 
for populations of endangered 
green sea turtles. (Courtesy of 
Andy Bruckner, NOAA.)
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water storage facilities, irrigation systems, roadways, or equipment. In addition, sea-
level rise will decrease the land area available for farming (Easterling et al., 2007) and 
may increase the salinity of groundwater resources (Carter et al., 2001). 

In general, the proximity of human settlements and major infrastructure to the ocean 
increases the vulnerability of all Pacific Islands. Almost without exception, international 
airports are sited on or within one to two miles of the coast, and the main (and often 
only) road network runs along the coastline (Walker & Barrie, 2006). Because Pacific Is-
lands are almost entirely dependent on imported food, fuel, and material (Austin et al., 
2011), the vulnerability of ports and airports to incremental increases in sea level and to 
extreme events, especially tropical cyclones, is of great concern. 

The economic impact of climate change is expected to be substantial because island 
economies generally depend on limited sources of revenue and are thus particularly 
exposed to external shocks. In the 1990s alone, tropical cyclones cost the region more 
than $1 billion, a figure that will increase if more intensified storms occur in the future 
(Mendelsohn et al., 2012). Damages to transportation infrastructure from storms or SLR, 
along with probable increases in fuel costs, will increase stress on island economies. In 
the fisheries sector, one ecosystem model coupled with a climate model indicates that 
by 2100 under the A2 scenario, the catch for both skipjack and bigeye tuna will decline 
overall by 8% and 27%, respectively, but with important spatial differences. The western 
Pacific is projected to show the greatest declines in both fisheries, whereas the eastern 
Pacific is projected to show an increase for skipjack and a decline for bigeye (Lehodey et 
al., 2011). Pacific Island tourism risks losing billions of dollars annually if SLR or storms 
threaten infrastructure, ocean bleaching threatens the recreational appeal of coral reefs, 
or freshwater supplies decrease. 

Climate change may also have serious effects on human health, for instance by in-
creasing the incidence of infectious diseases such as dengue (Lewis, 2012). Sea-level 
rise and flooding may also overcome sewer systems and threaten public sanitation. 
Psychosocial effects of stress from extreme weather events are likely to be gradual and 

Photo 1-2  Nukuoro Atoll is part of the 
Federated States of Micronesia. Its lagoon 
is about 3.7 miles in diameter, and it has an 
approximate land area of 0.7 square miles. 
(Courtesy of NASA.)
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cumulative. Increased incidences of resource conflicts may also affect mental and physi-
cal health, with a disproportionate impact on those of lower socioeconomic status (Swim 
et al., 2010).

Ultimately, the changing climate poses serious consequences to the traditional life-
styles and cultures of indigenous communities in all Pacific Island sub-regions. Inunda-
tion from SLR may destroy coastal artifacts and structures (Vitousek et al., 2004) or even 
the entire land base associated with cultural traditions (Henry & Jeffery, 2008). Drought 
threatens traditional food sources such as taro and breadfruit, and coral mortality from 
bleaching will likely threaten subsistence fisheries in island communities (Maclellan, 
2009). Climate-related environmental deterioration for communities at or near the coast, 
coupled with other socioeconomic or political motivations, may lead individuals, fami-
lies, or communities to consider migrating to a new location. Depending on the scale 
and distance of the migration, a variety of challenges faces the migrants and the commu-
nities receiving them. Migrants need to establish themselves in their new community, 
find employment, and access services, while the receiving community’s infrastructure, 
labor market, commerce, natural resources, and governance structures need to absorb a 
sudden burst of population growth. In addition, loss of local and traditional knowledge 
associated with stresses to ecosystems may limit the effectiveness of adaptation (Adger 
et al., 2007; Burkett, 2011).

Adaptive capacities

Within the region, adaptive capacity differs with the availability of socioeconomic and 
institutional resources. The difference tends to reflect the high island/low island dis-
tinction because high islands can better support larger populations and infrastructure, 
which in turn attracts industry and allows the growth of different types of institutions. 
The level of executive leadership (from both governmental and non-government institu-
tions) currently focusing on climate issues varies by jurisdiction and sector. In the public 
sector, the current administrations of Hawai‘i and American Sāmoa are taking action at 
several levels to address the impact of climate change. For example, as part of his “New 
Day” plan for the state, Hawai‘i governor Neil Abercrombie recently stated that “the 
time for a long-term plan for the effects of climate change is now” (New Day Hawai‘i, 
2010). In 2012, the Hawai‘i State Legislature passed a law (SB 2745) that amends the State 
Planning Act by adding climate change as one of ten statewide priority guidelines and 
provides specific guidance on how to do this, including “encourage planning and man-
agement of the natural and built environments to effectively integrate climate change 
policy.” Impacts of sea-level rise are incorporated in plans developed by the City and 
County of Honolulu Board of Water Supply for managing the Ko‘olau Loa and Wai‘anae 
watersheds (Group 70 International, 2009; Townscape, Inc., 2009). Climate scenarios 
have also played a role in ongoing planning for project design in Micronesia, where a 
coastal highway was designed with consideration of sea-level risk impacts (Adger et 
al., 2007). In American Sāmoa, Governor Togiola Tulafono has long supported action to 
prepare for the effects of climate change on coral reefs. Following his administration’s 
addition of climate vulnerability as a territorial priority in 2011, Tulafono mandated the 
establishment of the Climate Change Adaptation Advisory Group (Sagapolutele, 2011). 
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When violent conflicts force residents of a coun-
try to abandon their homes, families, or property, 
there are international instruments, such as the 
Geneva Convention of 1951, that provide refugees 
with rights and define the legal obligations of host 
states. Although the Intergovernmental Panel on 
Climate Change (IPCC) first identified climate-
induced human migration as a grave issue in their 
First Assessment in 1990 (Tegart et al., 1990), there 
is still no single legal entity that governs climate-
induced migration, nor has there been signifi-
cant legal or political progress in addressing this 
phenomenon. 

Even the appropriate terminology remains 
undefined. Since the term “refugee” confers a cer-
tain set of legal rights reserved for circumstances 
involving immediate conflict or persecution, legal 
scholars and academics frequently use the term 
“climate migrants” (Burkett, 2011). Projections 
of the number of climate migrants by 2050 range 
from 25 million to 1 billion (International Orga-
nization for Migration, 2009). This large range 
demonstrates both the potential magnitude of 
the problem and the lack of appropriate data on 
which to base estimates. The Pacific Islands region 
is currently facing an immense and unprecedent-
ed loss of homeland in its thousands of low-lying 
islands and atolls. Unlike other populations fac-
ing climate-induced migration, Pacific Islanders 
from countries such as the Republic of the Mar-
shall Islands will not be able to migrate domes-
tically because their entire country is only a few 
feet above sea level.

These climate migrants may permanently lose 
the entirety of their homeland, leaving it unclear 
under current international law if they will re-
tain an array of legal benefits and other econom-
ic rights to the area of ocean their country once 
inhabited. Although Pacific Island nations are 
the first to suffer the large-scale consequences of 

climate change, their contribution to greenhouse 
gas emissions has been minimal. While the issue 
of climate-induced migration is recognized glob-
ally, the complexity in the associated international 
governance policies has so far prevented any one 
organization or government from taking a leader-
ship role. There must be a concerted global effort 
to resolve the current and future migration issues 
of Pacific Islanders as soon as possible, before the 
problem becomes insurmountable.

Box 1-5

Climate change will force human migration from the Pacific Islands

Box 1-5 Photo 1 Namdrik Atoll, in the Republic of the 
Marshall Islands, has a land area of 1.1 square miles 
and a maximum elevation of 10 feet. Namdrik and 
other Pacific Islands like it are among the first places 
that will face the possibility of climate-induced human 
migration. (Courtesy of Darren Nakata.)
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table 1-2: existing hazard mitigation plans in hawai‘i and the Us-affiliated Pacific islands

Location Plan Type Year Created/ 
Updated

American Sāmoa American Sāmoa Revision and Update of the Territory Hazard 
Mitigation Plan 2008

Commonwealth of 
the Northern Mariana 
Islands

Commonwealth of the Northern Mariana Islands Standard State 
Mitigation Plan 2010

Guam 2008 Guam Hazard Mitigation Plan 2008

State of Hawai‘i State of Hawai‘i Multi-Hazard Mitigation Plan, 2010 Update 2010 (Update)

County of Hawai‘i County of Hawai’i Multi-Hazard Mitigation Plan 2010

County of Kaua‘i Kaua‘i County Multi-Hazard Mitigation Plan, 2009 Update 2009

County of Maui Maui County Multi-Hazard Mitigation Plan, 2010, Volumes I and II 2010

County of Honolulu Multi-Hazard Pre-Disaster Mitigation Plan for the City & County of 
Honolulu, Volumes I and II 2010

Another opportunity to improve adaptive capacity is through hazard mitigation 
planning. Jurisdictions with current mitigation plans (see Table 1-2) are eligible for fund-
ing and resources from the US Federal Emergency Management Agency (FEMA). FEMA 
does not explicitly list climate change as one of the hazards that should be considered, 
but proposed mitigation actions are often the same for climate adaptation and climate-
related hazards. Both Hawai‘i and American Sāmoa specifically consider climate vari-
ability and change in their plans, and CNMI lists climate variability as a possible hazard 
related to extreme climate events (Anderson, 2012a). Currently, the US Pacific Island 
Freely Associated States (RMI, FSM, RP) are not eligible for funding from FEMA but 
have worked with regional organizations to develop plans and access international 
resources. They participate in the international disaster risk reduction framework, the 
Hyogo Framework of Action, which focuses on the risk of impacts from climate-related 
disasters. There are currently opportunities to integrate national action plans for disaster 
risk reduction and climate change adaption through the initiation of the Joint National 
Action Plans for Disaster Risk Management. RMI, FSM, and the RP have each developed 
a status report on integrating climate-related hazard information in disaster risk reduc-
tion planning and have developed plans for adaptation to climate-related disaster risks 
(Anderson, 2012b).
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One major gap in existing hazard mitigation plans is the inclusion of climate change 
impacts in modeling hazard risk and vulnerability. Models and assessment tools provide 
some information (e.g., erosion rates) about impacts resulting from natural hazards, but 
many data sets are too short-term to understand trends and probabilities of occurrence 
with climate change (Anderson, 2012a). Impacts resulting from severe weather coupled 
with climate change impacts, such as SLR and coastal inundation, are likely to exacer-
bate the effects of natural hazards. Another gap relates to estimating losses from climate-
related hazards. Economic and social losses from climate-related hazards are generally 
under-reported. Since projected losses primarily rely on historical records, projections 
for climate change damages need to be improved to more accurately predict impacts on 
assets such as infrastructures (Anderson, 2012c). 

Advancing knowledge

To better understand climate change and its impacts in the Pacific Islands region, 
knowledge needs to advance in several key areas. First, research is needed to under-
stand historical, current, and future climate trends. Robust data on temperature, rainfall, 
streamflow, winds, waves, and other variables are needed to understand historic chang-
es in physical and natural systems and to verify models of projected change. The current 
lack of funding for monitoring or for developing more complete climate observation 
networks across this vast region is of critical concern. Downscaling of global climate 
models is also needed to account for regional and local phenomena. Higher-resolution 
models can begin to simulate local conditions and generate new capacity for planning 
adaptation measures. An important component of this research will be analyses of the 
uncertainties inherent in the next generation of models. Better quantifications of and 
reductions in uncertainty may come from a better understanding of natural variation at 
inter-annual and interdecadal scales.

In addition, integrated biogeochemical and physical models need to be developed 
and tested to provide a better understanding of the biological and ecological responses 
to climate change. For instance, understanding how invasive species will react to cli-
mate change is important for developing effective plans to manage natural resources. 
Understanding the impact of changing carbonate chemistry in the ocean is needed to 
understand and prepare for changes in coral reefs and key marine organisms. Similarly, 
socio-ecological models need to reflect the dynamic interactions between human com-
munities and the ecosystems they rely on and how these relationships are altered under 
different climate scenarios. 

Finally, research examining the role of climate science in Pacific Island communities’ 
responses to climate change will help to identify barriers to the use of climate infor-
mation by public and private decision makers. Such research will also facilitate devel-
opment of visualization tools and decision support systems that address real-world 
problems. The effectiveness of alternative adaptation strategies needs to be evaluated 
comprehensively to refine planning and management strategies.

Partnerships are fundamental for sustaining a regional climate assessment process 
and addressing the impacts of climate change across isolated and diverse islands. Key 
partners include stakeholders who make real-world decisions (e.g., water managers, 
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farmers, conservationists, hazards managers, urban planners, tourism developers, cul-
tural leaders) because they can help to identify the most urgent problems and needed 
information. Regional networks are also key in facilitating communication, coordinat-
ing and leveraging resources, and efficiently linking stakeholders, scientists, and in-
stitutions to develop actionable information and decision support tools. Although the 
jurisdictions in the region can make considerable progress with their own policies and 
resources, the scale of vulnerabilities and impacts suggests a strong role also for the 
federal government. 

Conclusion

Climate change poses enormous challenges to the Pacific Islands and their communi-
ties. An informed and timely response is necessary to enhance resilience to the myriad 
changes already occurring and those yet to come. Local action to reduce existing stress 
on island people and ecosystems is a critical part of enhancing resilience. Additional re-
search, continued monitoring, a sustained assessment process, and public engagement 
in the development of useful information will enhance Pacific Islanders’ ability to ad-
dress the climate challenges they confront. The current regional professional culture of 
communication and collaboration, with roots in indigenous island cultures, provides a 
strong foundation for this effort and will be important for building resilience in the face 
of the changing climate.

To make sure that we will have water for our 
homes, our farms, and our businesses in the fu-
ture, planners and policymakers need good infor-
mation that helps them predict both our water use 
and the likely state of our water resources. This is 
true on the Hawaiian island of O‘ahu and many 
other Pacific Islands. Yet, many agencies respon-
sible for formulating and evaluating plans for 
freshwater use do not feel that they have the infor-
mation and guidance they need (PaCIS Research 
and Assessment Working Group, 2008), particu-
larly on the complex issue of climate variability 
and change.

What are the forecasts for Hawai‘i’s resident 
and visitor populations in the coming years? How 
will our economy change and develop? How has 
the decline of the sugar industry affected water 

availability? Will our climate be hotter or cooler, 
wetter or drier? And how will climate conditions 
affect the amount and quality of the water avail-
able in our Pearl Harbor aquifer, which serves 
most of the 953,207 people who live on O‘ahu, the 
7.2 million tourists who visit every year, and the 
military bases critical for national defense?

Most local experts agree that the water use 
allowed on O‘ahu by existing permits is close to 
the aquifer’s maximum sustainable yield (Wilson 
Okamoto Corporation, 2008). Yet, demand for wa-
ter is expected to increase with population growth 
and economic development. Where will the addi-
tional water come from? Greater water use will, 
in the long term, result in a decline in water lev-
els, increasing the risk of saltwater intrusion and 
reducing the natural groundwater discharge to 

Box 1-6

Assessing information needs for managing O‘ahu’s freshwater resources
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streams and the ocean. How much the water level 
declines depends on several factors, including the 
distribution and rate of water use, the hydraulic 
characteristics of the aquifer system, and the fu-
ture state of the climate.

The need for climate information

In 2011, the Pacific RISA research team surveyed 
planners and policymakers responsible for man-
aging our freshwater resources, through both 
face-to-face meetings and an online questionnaire. 
The goal was to gain a better understanding of 
their information needs. The decision makers in-
terviewed came from a diverse range of federal, 
state, and local government agencies, non-govern-
ment organizations, private enterprises, and local 
community groups. They represented a range of 
occupations, including project or resource man-
agers, engineers, planners, and agency directors. 
Overall, they were well-informed about climate, 
but they reported problems with accessing cli-
mate information and using that information for 
planning and policymaking.

Three types of information and analysis will 
provide the basis for good planning decisions 
about freshwater use on O‘ahu—(1) predictions 
of economic development and population growth, 
(2) assessments of community preferences and 
needs, and (3) forecasts of climate change and 
variability. During the recent interviews, local 
planners and policymakers listed several ques-
tions they face as they work to ensure good water 
management in light of climate change:

• What freshwater resources will be available 
in the long term (amount, when, for how 
long, where)?

• What well distributions and pumping rates 
are best for drier conditions in the future?

• How can water managers prevent saltwater 
intrusion into the supply of fresh drinking 
water?

• What in-stream flow standards will main-

tain or improve the critical habitat for en-
dangered species?

• What alternative water sources will be need-
ed in 50 years (e.g., desalination)?

• What alternative energy sources will be best 
under future climate conditions?

• How can we prevent disruption to the water 
supply used to irrigate crops?

• How will sustainable yield estimates be 
affected by projected demand for water 
across all sectors (e.g., agriculture, industry, 
energy, tourism, military) under alternative 
climate scenarios?

• How should county development and 
watershed management plans be revised 
to take into account projected changes in 
rainfall, temperature, and other climate vari-
ables in the context of the needs of a growing 
population?

Decision makers need climate projections that 
are “downscaled” from the global or regional 
to the local (valley) level. They also need an as-
sessment of the inevitable uncertainties that ac-
company any climate projections. In general, 
policymakers and planners say they want infor-
mation about both most-probable and worst-case 
scenarios. Analysis should distinguish between 
the effects of natural/cyclical variability, such as 
the El Niño-Southern Oscillation, or ENSO, and 
long-term climate change. Seasonal observations 
of precipitation, temperature, streamflow, soil 
moisture, and evapotranspiration are helpful for 
understanding current conditions. Also helpful 
would be location-specific vulnerability assess-
ments and information about the implications of 
climate change for runoff, pollutant loads, salin-
ity, and water supply. Decision makers empha-
sized that maintaining rain and stream gauges for 
monitoring and surveillance systems is integral 
and essential to providing the information needed 
to support decisions.

Box 1-6 (continued)
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The need for better integration of climate 

information in the planning process 

Planners and decision makers on O‘ahu men-
tioned several constraints that prevent them from 
using the climate information that is available. 
These include:

• No clear legal mandate requiring the use of 
climate information

• Insufficient staff time to locate relevant 
information

• A lack of expertise in knowing how to use 
the information

• A lack of technical assistance from the gov-
ernment to help access the information

The most trusted sources of information 
mentioned are the United States Geological Sur-
vey (USGS), the National Oceanic and Atmo-
spheric Administration (NOAA), the University 
of Hawai‘i, the state climatologist, and scientific 
journals. One priority will be to facilitate better 
collaboration between decision makers and these 
information sources.

In addition to information about climate and 
other factors, decisions about future water use 
require a balancing act between multiple users 
who may have divergent values. What is the right 
balance between protecting cultural practices 
and reducing energy costs, for example? What 
are the predicted needs of specific communities, 
such as kalo farmers, and economic sectors, such 
as tourism? Such questions can only be answered 
through open policy debates and decision pro-
cesses within the local community.

Climate scientists and risk assessors can pro-
vide cutting-edge information about vulnerabili-
ties and opportunities related to climate. The goal, 
however, is to integrate this cutting-edge infor-
mation into decision making at the local level. 
Such an integrated approach will provide the best 
possible setting for making good decisions about 
O‘ahu’s water resources and water use.

Acknowledgments

Support for this research was provided by NOAA 
Climate Programs Office for the Pacific RISA 
program (Grant #NA10OAR4310216). We are 
grateful to the people who participated in the in-
terviews, workshops, and survey, donating their 
valuable time to provide diverse and informative 
perspectives.

Box 1-6 Photo 1 Participants gathered at the east-West Center for the workshop “Climate Change Impacts 
on Freshwater Resources in Hawai‘i.” Participants included Barry usagawa (left), program administrator, Water 
Resources, Honolulu Board of Water Supply; and Gary Gill (right), deputy director of the Department of Health’s 
environmental Planning Office. (Courtesy of east-West Center.)
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