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Foreword

The island nations of this world are under siege — not by our enemies and not by
military forces. The attack comes from our friends, our neighbors and our regional and
international partrers. Unfortunately, the attackers and their weapons are invisible, even
unto themselves. This is because more and larger cars, cooler houses and more

~ convenient home products represent the attack. :

This assault is of unprecedented proportion and is expanding every moment. Degraded
environments and economies in small island states are merely the first indicator of the
potential destruction that this world will face if it does not begin to recognize the
problem and take concrete responsive measures.

Global Warming is here. Itisnota myfh or merely a theory of the scientific community.
The climate is changing now, both in the islands and on the Continents. No country and

no individual will be immune from its broad and dramatic impact. It is time for the Tommy E. Remengesau, Jr.
world to see the islands' climate change issues as an omen for the entire planet. The President
failure of the international commumity to view the islands as windows into their own of the
futures will ultimately resuit in their own destruction. ' Republic of Palau

In 1997 and 1998, at least one third of Palau's reefs were destroyed due to climate
change related weather events. In some areas, up to 80% of our reefs were lost. Most
of our taro crops were also destroyed because of drought and extreme high tides during
the same period. These were not theoretical scientific losses. These were actual losses
of the livelihoods and potentials of the Palauan people. Soon such devastation will be
reflected in the countries of the developed world. I am sure that the industrialized .
nations will listen and desire to become involved at that point. -But, will there be any
time left for mitigation, and will there be anything left to preserve?

The solution to global warming is a difficult one. It requires that each of us, from both
developing and developed states, be willing to make sacrifices for the good of all. It
requires that we simultaneously refiect on what is best for our neighbors, as well as for
ourselves, over the long term. For the developing nations, it will require a more rational
approach to growth than what was previously enjoyed by the rich nations of this world.
For affluent nations, it will require that many of the expenses of the solution be borne
out of their pocketbooks.

We must think hard and ask ourselves in what state do we want to pass the Earth onto .
our children and grandchildren? If we can only acknowledge that we are all part of a
single world community, we may come to realize that we currently hold the planet's
inheritance in our hands.
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Executive Summary

The Republic of Palau First National Communication to the United Nations Framework
Convention on Climate Change (UNFCCC) was developed with the assistance of the

Global Environment Facility (GEF) Enabling Activity project.

The Project was initiaied in January 2001 and entailed a series of community workshops ?3

and a national symposium io: 1} create public awareness regarding the causes of
climate change and its impacts on Palau; 2) conduct a greenhouse gas inventory for

the period of 1974 to 2000; 3} execute a vuinerability and adaptation assessment to

determine the affects of climate change on Palau, identify high areas of vulnerability,
and develop a mitigation and adapiation framework to address projected climate
change trends; and 4} prepare the Republic of Palau First National Communication to

the UNFCCC.

National Circumstances

Located in the westemn Pacific Ocean between 7 degrees North lafitude and 134

degrees East longitude, Palau is approximately

800 kitometers east of the Philippines and 800

kilometers north of Papua New Guinea. Due ic

its'location in the Paclific, in combination with

otner factors, Palau is considered the most
biologically rich island group within Oceania. .
The Palau archipelago siretches over 400 miles

in a north-south direction from the atoll of

Kayangel fo the istet of Hatohcbel. Palau
consists of 586 islands, of which only twelve are
continuously inhabited. Tb’fcl land area’is

535km?, with 25 percent of Palau's landmass

below ten meters above sea level (MoA, 2001}

Palau's natural resources consist of one of the largest tropical rainforests in Micronesicr,
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palau is hot and humid throughout the year, averaging between 74-83°F, Average
annual rainfall is approximately 3,810cm, or 150 inches, per year under normal

conditions.

Three ccean currents converge in Palau’s waters and bring a rich diversity of nuirients
that attract a large variety of marine ife. These currents also fransport larvae of many
marine species to the archipelago making Palau's underwatter environment one of the

- most diverse places on Earth.

Renown as one of the top dive destinations in the World, Palau
has developed its adventfure tourism sector as its main industry.
1994 figures show that Palou derived US$67 million, or 47 percent,
of its Gross Domestic Product {GDP) from ifs fourism industry. From
1992 to 1997 tourist arrivals doubled from nearly 30,000 to 73,719
{PVA, 2000). However, due o several factors such as the recent
Asian economic crisis and the 1998 coral bleaching event, Palau's
- tourism arrival numbers have been on a graduql decline. This loss
is reflected in a 3.3 percent drop in the GOP in 1998. 1998 figures show a 12.9 percent
decrease in arrivals, totaling 64,194 for the year. The first nine months of 1999 showed an
additional 9.3 percent crop in tourism arrivals when compared o the same period in

1998 (MoA, 2001).

The population of Palau as of 2000 is 19,129, and consists of 13,209 resident Palauans and
5,920 non-Palauan foreign residents (Cencus, 2000). Over the past 10 years, the annual
_growth tate has fluctuated between 2.3 to 2.6 percent, primarily due to immigrafion and

hot from an incréose in birth rates within the _Polcucm community. However, the
- population is seen to have leveled off af about 2.3 percent in the past two years.
Approximately 80 percent of the total population resides in Korér Island, the provisional
- capitol of Palau. However, a high percentage of the populdtion is expecied to shift fo
Babeldaob once the Compact Road and ihe new National Capital are completed.

The expected completion date of the Compact Road is 2005.

(assarina trees grow amongst |
many of the nutrient poor
fimestone islands.
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National Greenhouse Gas Inventory
Palau's Greenhouse Gas Inventory shows that Palau was o carbon sink in 1994, meaning
that Palau retained more carbon in ifs forests and vegetation than it emitted during that

vear. The National Greenhouse Gas Inventory also illustrates that Palau is a minor

emitter of greenhouse gases, In both a relative and absolute sense. Consequently, any
steps taken fo reduce its greenhouse gas emissions, and enhance its carbon sinks, will

have a negligible effect on the enhanced greenhouse effect cmd global warming.

Regardless of any remaining gaps and inconsistencies in the GHG inventory, the

message is clear and incontrovertible — the Republic of Palau, and its citizens, are minor
players when it comes to greenhouse gas emissions, on either a national or per capita
basis. This does not mean that Palau can, or should, sit back and rest on the reputation
of being a minor emitter of greenhouse gases. Instead, Palau should sirive fo be a
showcase for the rest of the world by reducing any potentfial impacis, however minor

they may be, on the global climate and related systems.

; el .
. -jhe chloroﬂuorccqrbons (CFCs] W:fh he excephcn of CFCs, cnll the greenhouse gcses occur :
nc:furc:!ly . S . : S

Mjing_]g__ is generolly referred ’ro by chmc're chcnge experfs ’ro efforrs ’rhcr’r reduce greenhouse
gas emissions. -

Yulnerability defrnes fhe ex’ren? to whrch chmcl’re chcmge may dc:mcge or harm a sys’rem this
depends not only on the sys'rem 5 sensrshw’ry but on |’rs obrilfy to adapt.
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National Circumstances

1.1  Geography
The Republic of Palau is an archipelago in the Western Pacific Ocean between 7
degreas North !cﬁ’rude and 134 degrees East longitude, Palau is the westernmost

island cluster of the six major island groups that make up the Caroline [slands. Palau is

located approximately 800 kilometers east of the Philippines and 800 kilometers horth

of Papua New Guinea.

Although recognized as part “#Amami-C-Shima NORTHWEST PAGIFIC BASIN
| yPinawasfima - Chichk-timay ' :
of the Caroline island group Tlkinawa - . cocoOgasowaragunte e
. R . Nﬂp?}lma! .. o .MInamI-Tuﬂ-SEima(Mari;u;islagq)

which features both velcanic _ . = .
oo T OMneoRSmR e :
and coratline islands, fhe Sy s de b

western Carolines islands are
exposed peaks of undersea
ridges stretching between
Japan and New Guinea and
cre not located on the
Pacific Plate. The Palau
islands originated on the now
dormant southemn section of

the volcanic Palau-Kyushu

Ridge, which formed about

43 million years ago {mya) in
a complex series of riffing and boundary shifts of the Pacific Plate margin during the

formation of the Philippine Basin (Kroenke, 1984),

Part of the Oceania group, Palau is located on the eastern edge of the Philippine

tectonic plate close to the western edge of the Pacific plate. The Palau, Yap, and
Mariana Trenches that mark the subduction zone, where the Pacific plate is being driven

under the Phiiippine plate, are some of the deepest waters on earth. When the islands

‘that make up Palau first emerged above sea level is unknown. However, the
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oldest organic limestones have been dated to the early Miocene, which suggests tha |

" the voleanics were emergent sometime before that, perhaps by late Oligocehe, som

30 milion years ago ({Crombie, 199%}.

The Palau archipelago stretches aver 400 miles in a north-south direction from the afo
of Kayangel to the islet of Hatohobel, Palau consists of 586 islands, of which only twel .
are conﬁhuously inhabited. Total land areaq is 535km2, with. 25 percent of Palau's

landmass below ten meters above sea level (MoA, 2001}

The islands of Palau represent five geolpgical island fypes, volcanic, high limestone, Ic
fimestone; atolls, and a cambination of volcanics and limestone {Cromibie, 199%). The
largest islands were formed by Eocene volcanic activity and are composed of basali
and andesite. They fend fo have a high
profile, weli—developéd pergnnial sfream
systems, and a high diversity of terestrial
flora. Babeldaob island has seve.rely
leached and highly acidic sofls, unsuited f
- large-scale agricutture. The wortd famous .7
. *Rock lslands” are of limestone formation.
Peleliu and Anguar islkands, located at the
southern end of the main archipelago, ar
low platform and reef islands. The Southw
group of islands, located approximately 2
km from the capitol, is made up of reef flc
that have been subjected to uplift. Kayange! lsland. at the nerthernmost fip c_;f the

archipelago, is a classic coral atoll.

Rabeldaob istand is the largest in the Palau island chain and the second largest islan

Micronesia. Babeldaob constituies 75 percent of Palay's total landmass. At its great
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width, Babeldaob reachss fiffeen miles across {APCC, 2001). With the excepiion of
Kayangel, Angaur, and the Southwest islands, all of the Palau islands are located within
one barrier reef; Palau's exclusive fishing zone is 12 nautical miles, 3 naufical mile

.terriforict seqs, with g 200 nautical mile extended fishing zone, which comprises an area

of approximately 600,900 square kilometers {Sant/Hayes, 1994).

1.2 History

The date of first human arrival fo the Palauan islands is not known, though pottery

uncovered in Babeldaob has been carbon dated to about 4,000 years ago.
First foreign contact of significance occured in 1#83, with the arrival of the
vessel Antelope under the command of English Captain Henry Wiison.
Foreign governance of the Palau islands officially began when Pope Leo Xl
asserted Spain’s righfs over the Caroline fslands in 1885. in 1899, Spain sold
the Caroline Islands o Germany after Spain's defeat in the Spanish
American War. Under German administration, three major economic
industries wera developed,. phosphate and bauxite mining in Anguar and

Babeldaob respectively, as well as copra production.

At the outbreak of World War |, the Japanese government assumed control

. o An American tank left behind
over Palau in 1914, The Leqague of Nations officially gave Japan control over aF;:A\\EZ:!:{a\r}Varr]l ::Ncs s o

reminder of the thousands whe .
died in Palau cfuring the invasior.'li;‘

center for all Japanese possessions in the South Pacific. The population reached a { of Angaur, Pelefiu, and )
1 Ngechus ls'anc]s.

Micronesia, including Palau in 1520. In 1922, Korer island became the administrative

record high of 40,000 people, of which fewer than 10 percent were Palauans. During
the 1920s and '30s, Japan further developed the phosphate mining industry, and

expanded agriculture and fish exporis.

In 1947, following World War ll, Palay became one of six island districts as part of the
United Nations Trust Territories of the Pacific under United States Administration. After

thirty years as a United Nations Trust Territory, Palau opted forindependence status, in




. Surface wateris vital to focal

communities. AP roxima’cc[_rj
thrcc—quarters aof Faiau’s
Popu;ation dcpends onone °
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Palau's major dam, N_girﬂciil

) (5110wn a]:ovc.}, was sew':rclg

damagcd clurfng Tropica[ Storm
Utor_in 2001.
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1978, rather than join the Federated States of Micronesia. A Compact of Free
Association with the United States was approved in 1986, but not roﬁﬁgd by the Clbiil Era
Kelulau (Paiau National Congress} until 1993. The Compact of Free Association,
establishing Palau as an independent ncﬁon; entered info forcg on QOctober 1, 1994,
The country was admitted to the United Nations {UN) on 15 December 1994 and has

since become a Party to a number of infemational conventions and agreements.

1.3 Climate
The Republic of Palau boasts a maritime fropical rainy climate. Annual mean humidity

level is 82 percent. However, temperatures rarely vary more than ten degrees

throughout the year. Annual mean rainfaltis about

3,810mm per year with seasonal variation (National
Climatic Data Center et ¢l, 1994). Palau has two
seasons during fhe year, wet and dry. The wet season
typicailly begins in May and peaks in September. Dry
season prevails from February to April and October to

December. February, March, and April are the driest

months of the year (NOAA, 1991). Aithough not located

within the main tropical cyclone frack, Palau has
experienced its share of destruction from typhoons and

severe starms.  Several million dollars of damage was

done to Palau's infrastructure as Typhoon Utor swept several hQndred miles north of

Palau during the summer of 200t.

1.3.1 Temperature
Palau's mean temperature is 82°F and fluctuates on a daily basis no more than 10°F

(National Climatic Data Center et al., 1996). January and February are generally the

coolest months but differ from the warmest month, April, by only 1°F. Seawater

temperatures in the main harbor, Malakal, averaged above 29°C for 2000 and 2001
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(CRRF, unpublished). The maximum mean seq surface temperature between 1985 and

1999 was 29.55°C {CRRF, unpublished].

1.3.2 Rainfall

Over the past fifty years, freshwater has been relatively plentifut in Palaw, The mean
precipitation is 3,810 mm, or 150 inches, per year (National Climatic Data Center et al.,
1994}, Februcry. March, and April are the driest months with an average of 6 1o 8 inches
per month. The rest of the year averages between 10 and 2G inches per monih. The
relative humidity averages 90 percent in the morning and 76 percent in the afternoon
{National Climatic Dé’rcz Center et al,, 1996). Predictions indicate that the Caroline
Istands, along with some South Pacific Islands may be d region of decreased
precipitation in the near future due to the enhanced greenhouse effect, though other
mode! projections predict increased rainfall by 2099 (Morrissey and Graham., 1996; Shea

et al.,, 2001).

1.3.3 Current and Tides
The Palauan drchipelogo lies in an area influenced by the North Equatorial Counter
Current (NECC} and the Mindanao Eddy (Rapaport and Moshe, 1999}, Both the NECC
and the Mindanao Eddy affect Palau's overqll biodiversity by carrying coral dnd fish
larvae originating in the Philippines, Irian Jaya, and Indonesia to Palau (Meyers, 1999).
Terrestrict flofo and founa have reached Palau via wind, rafis, or drifting '

with the NECC.

Lunar periodicity dramatically cffec?s‘ the behaviors of fishes and
invertebrates throughout the archipelago. Patau experiences
semidiurnal tides, or two high and two low tides daily. Spring fides cch
Cause as much as seven feet of exchange, while neap tides may cause

as litthe as two feet of exchange. Over millions of years, fidal currents

Hy selodoris buflocki- T his
nudibranchs' ancestors where
or:'gina”y brought to the
arci-nipciago via oceanic currents,
as were mang maringe SPeCleﬁ.

_ Ciimatc change may alter -

existing oceanic currents
tl‘nr‘cmghout the wcr|c.{, t]'lcrcb_g
aﬁ:ccting future recruitment of
marine arganisis.
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have also been one of the factors that have helped shape the physical structure of

The B Nino-Southern Oscillation phenomenaon is an ocean-aimosphere circulation thai

effects Palau significantly on a regular basis. During an El

Nino year, Palou generally experiences drought conditions

rfrom weeks to months, and the entire island must ration

fresh water. Since little imigation is done in Palau the

agriculiural secter absalutely depends on regular rainfall.

During the 1997/98 Et Nino Palau not only experienced a

severe drought but also a significant rise in sea water

temperature [Bruno et al., 2001). Over several weeks

during August and September of 1998, sea surfoce

temperatures exceeded 30°C (CRRF, unpublished}. The '

unusually warm water caused widespread coral bleachin

and had a negative effect on the viability of subsistence

fishing.

Using modet-based climate change scenarios, potential

changes in hatural climatic variability in the Pacific are

.
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predicied over the next century. These
changes include the possible emergence
of a persistent El Nino-like condition that
could affect raintall, tropical storms and

ocean condifions, and, in turn,

economically important fisheries and cor¢

reefs (Shea et al., 2001].

fL
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1.3.5 Typhoons '
There is o potential for the increased occurrence of fropicoll cyclones, or typhoons, in or

near Palau due to ¢limate change. Present tropical cyclone paths, that cutrently poss

c.bouf 900 miles north of Palau on average, may be modified due to large-scale
changes to circulation: patterns (Shea et al., 2001; Pittock et al.,, 1995). Anincrease in the
number and proximity of fyphoons wauld negatively impact the diversity of Palau’s
reefs, as well as negatively affect fisheries, which some Palauans still rely on for food
security. Many vertebrates and delicate forms of invertebrates that currently habituate

in shallow reef areas and related marine ecosystermns would be damaged or destroyed

by more intense wave action caused by more persistent and frequent storms.

1.4 Biological Diversity
The Republic of Palau s best known for ifs marine diversity though it also hosts a wide

variety of terrestrial flora ond fauna, including many endemics. Numerous marine

ecosystems exist including mangrove forests, seagrass beds,
Figure 1.1 Terrestiral ond Marine Species List,

fringing reefs, patch reefs, barrier reefs, and marine lokes, These

Terresteinl Flora & -

ecosysterns provide a plethora of marine habitafs and even more Eauna

niches for o huge variety of species to habituate in.  Terrestrial

habitats include nine types of forests and savannch ('O’robed &

.. [ Amphibians &
Mdiavig, 1994, Cole et al., 1987). The numerous ecosystems found .Eruo;!:a ~ - -
. . . N izardr 4] 10 2
in Palau provide many geods and services that are crucial to rural ;;‘Lg 37 7
- . i
communities dependent upon food, fiber, fuel and energy, 3
.. . - Marine Habitic8e - T
medicines, clean water, as well as the spiritual, aesthetic and Biota .-
. . Matine Lakes G2
recreational values derived from nafure. Saft corals 200
X Stony or 385
emarics
Mangrove specics 18
Moarine fishes 1,387 ) 11
Sea grass 9
Mzacro-inverrebraces| G500 1
‘Turtles ) 2]
Salrwarer Crocodile <200 1
Dugon dugon 50-200 1
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Eigl-ltccn Plant 5Pecics are

‘FOUI']E{ amongst mangravc

habitats in Palau. Mangrcwc
roots often reach above the
anoxic substrate in order for

e.ach tre= to cxchangc 5ascs.
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As of 2002 there are still many unknowns as to the number of marine and ferestrial
organisms that reside in and around the Palauan archipelage. This information gap is
mainly due ’rb inc.ccessibilify and the lack of cochh‘y for further research. Palau's
natural resources, especially its wealth of biodiversity, are subject fo many

anthropogenic and najural pressures. These pressures include increased demand for

resources; selective exploitation or species; land-use and land-use change:

anthropogenic nitrogen deposition: soll and water poliution; infreduction of invasive

species; and fragmentation of ecosystems. Climate change is an added pressure on

Palay’s ecosystems.

1.4.1 Mangrove Forests
One of the most significant ecosystems found in Palau are mangrove forests. Mangrove

cover over 48 km? of Palau, accounting for 11 percent of vegetation growth {Crombkie

and Pr'egill, 1999]. The most extensive areas of mangrove occur along the west coast o

Babeldaob. Mangroves are obligatory

halophytes, needing to live in the tidal zones of

protected coastlines.

This type of forest is a vital link between
terrestrial and marine ecosystems (Maragos et
al., 1994a.b]. They act as a filter for significant

amounts of sedimentary deposits washed off :

islands, especially during the rainy season,

e

keeping the fringing. patch, and barrier reefs

from being smathered. Mangroves aisc protec

the islands’ shores from erosion caused by wind and waves.

Eighteen species of iree are found in Palau's mangroves, seventeen of them having

traditional uses such as medicines, building materials, and handicrafts (Duke, 1999). Th :
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rﬁos’r common genera include Rhizophora, Avicennia and Sonneratia. Many reei fishes
use mangroves for food and shelter d’r some point in their iife histories {Robertson and
Alongi, 1992}, Mangroves dlso provide habitat for Micronesia’s only resident population
oé Indo-Pacific crocodiles {Crocodilus porosus). as well as for numerous resident and

migrating birds and invertebrates, including the econemically valuable Mangrove crab.

1.4.2 Seagrass Beds

Paiau contains sorme of the most extensive seagrass beds in the world, evident along the
east coast of Babeidaob. Seagrass slows cumrents and filters runoff from the islands;
thereby keeping fringing and patch reefs relatively clean of sediment. Nine specieé of
seqagrass occur in Palau, which provide large areas of primary production {Ogden and
Ogden, 1982). Secgrass beds provide vast areas for fish nurseries where many families of
food fish preside cnd feed. Several other organisms important as food sources are
found within seagrass beds including Tridacna clams, sea cucumbers, urchins, and

crabs. The endangered Dugong dugon also feeds on seagrasses.

The effects of climate change on this productive ecosystem is not known, though
increases of diseases affecting seagrasses in the Caribbean has been reported in recent
decades. Diseases and toxicity may negatively impact seagrass beds in Palau due to
changes in precipitation frequency and iniensity, pH, water ’remperanre, dissolved CQ,,

and sciihh‘y. combined with anthropogenic disturbances (Gitay ef al., ed.,‘ 2002},

1.43 Coral Reefs

The reefs of Palau include fringing, pateh, barrer, and atoli reefs. Reefs cover oﬁ
approximate area of 1162.4 km? and include a lagoon of 1136.5 kh'F {Maragoes et ai.,
1994a,b). The immense reef systems were built over millions of years by hermatypic
corals.. The exact number of scleractinian cerals found in Palau is nof known but
estimates run between 300 and 425 species (Maragos et al., 1994; Veron, 1995; Randall,

1995; Colin, 2001).

F lectorbincus sPccics - Juvcnilc
reef fishes often use mangrove
and seagrass habitats as
nurserss. As adults, these
fishes mave to the outer reef and
become part of a more comPch :

food web.




Amphipn'an mcfanapus - This
spccics af anemonefish became
rare in Fa|au afterthe sea
surface temperature rise clun'ng
1998. fts host anemone was
bleachad and many individuals

did not survive the glimatic event,

TN

i
!
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There are af least 200 species of cnidarians ofher than Scleractinia, with many smaller,
less conspicuous species undocumented. Over 300
species of sponge have been document, though the
total number may be upwards of 500 once the minute
and burrowing species are qccpun’red for (Kelly-Borges
and Valentine, 1995}, The number of marine worms is s
known. The total number of Molluscan faunda is not |
known, though at least 185 species of Opisthobranchs
are known and probably over 400 should be expected
based on species numbers from Guam, Philippines, anc
Papua New Guinea (Gosliner, anublished). Seven
species of giant clam (Tridacna species} and the
endemic Nautilus belauensis exist in Palau (Golbuu, 2000). The Crusfdcecn phylum is
well represented but it is not known how many species exist in the area. Echinoderm

numbers are undocumenied, though 21 crinoid species have been documented (Mey

and McKurda, 1980). Well over 100 ascidions are found in Palau and up to 150 specie:

are expected (CRRF, unpublished]).

Climate change can potentially affect coral reefs in many ways. A few of the most
devastating effects are coral bleaching, the increase of diseases and severe storms,
sadimentation, among others.  Eaich of these changes can reduce the overall
biodiversity associated with Palau's reefs, thereby causing sbcioeconomic chonges ar

creating health issues for the islanders.

1.4.4 Reef and Freshwater Fishes

There are expected to be a total of over 1500 species of fish, marine and freshwater, it
Palauan waters, the richest fish fauna in Micronesia (Myers, 1999). Eleven of these are
endemic {Myers, 1999). Freshwater endemic species include Redigobius hotiae,

Sicyopus fehimanni, Stiphondon pelewensis, and Sfenogobius fehimanni. The seven
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endemic marine species include Evipes percinctus, Fseudanthias sp. A, Cirhillabrus sp.
A, Epibuius 0. 5p.. Gobidon acicularis, Pleurosicya carolinensis, and Kraemaera
cunicularia. Most species found in Palau are diurmnal reef fish ‘(41 %). The second rﬁosf
cbundan’r are the pwpiic reef fishes (29%). then nocturnal fishes (9%), sand., rubblé fishes

[9%). mid-water reef fishes (8%), and iastly, pelagic fishes (4%} (Myers, 1999).

Climatic factors affect the biotic and abiotic elements that influence the numbers and
distrioution of marine organisms, especially fish (Gitay et al., 2002). Variations (with
cycles of 10-60 years or more) in the biomass volume of marine organisms are

dependent on water temperature and other climaiic factors {Gitay et al., 2002).

1.4.5 Marine Reptiles

Marine reptites in Palau include the Green. Hawkskil, Olive
Ridley, and Leatherback turtles (Maragos et al., 1994b;
Crombie and Pregill, 1999). Only the Green {Chelonia
mydas) and Hawksbill {Eretmochelys imbricafal turtie
populations maintain resident and nesting populations
{Maragos et al., 1994b). The Green iurtle is listed as
threatened and the Hawksbill is listed as endangered by
the International Union for the Conservation of Nature and
Natural Resources {IUCN). Both species are protected by
the Convention on Infernational Trade in Endangered
Species [CITES}, though both species are hunted for subsistence purposes during

particular seasons in Palau.

Palau is the only island group in Micronesia that has a resident population of saltwater
crocodiles (Crocodylus porosus) (Maragos et al., 1994b}. This species is on the U.S. Fish
and Wildlife endangered species list and protected by CITES (Maragos et al., 1994b}.

The population was estimated at about 200 individuals in 1991, though local residents

Cracoo’yl’qs orosus~ | he
cnéangered ndo-]’ac,hcic
crocadile has become a rare site
in Fa'au due to ovér—]—;untﬁng in
the 1980's and 70's and habitat
loss.., Vigorous Frctection in
recent years has ledtoa
Population increase.

11




Marine mammals are Frcqucn’c|9
encountered passing tf-zrough
Falau's waters. Resident spinner
dolphins are often seen near

Peleliu and Ngcmchs islands,
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believe there are many more {Messel and King, 1991; Crombie and Pregill, 1999). A new
survey of the cracodile popuiation Is planned for 2003. Two species of sea snakes, the
common banded sea snake, Laficouda columbring, and ’rhe‘ extremely rdre Pelomis

platurus, have been recorded in Palau (Crombie and Pregill, 1999).

The major threat to marine reptiles in Palau is habitat loss, both by man-made causes
and climate change. Turile nesting beaches are at risk as sea level is projected to rise
between 0.2-0.9m over the next century (iPCC, 2001). Mangrove forests, fraditional
habitat for croéodiles, are alse at risk from sea level rise, increased ferocity and

frequency of storms, runoff, and clearing.

1.4.6 Marine Mammals

Palau's dugong (Dugong dugon) popu!c:"rion is the most isclated in the world (Mdrsh et

- al 1995). The dugong was listed as vulnerable to extinction by the IWWCN and protectec

2 by CITES. Dugongs are proné to extinction because they
 are |que, highly prized for food, restricted 1o localized '
habitats, and have low biotic potential, The last populatio
survey was done in 1991, which found the bopula’rion to be

between 50 and 200 individuals (Marsh ef al., 1995},

Cther marine mamimails habituating in Palauan waters
include resident Spinner dolphin pods and various other
cetaceans. Species that are regularly sifed include Pilot
Whales, Melon-headed Whales, Risso's Dolphins, Pygmy Killer Whales, False Killer Whale

Spermr Whales, and accasionally Orca.

1.4,7 Lake Systems
Palau contains the highest number of marine fakes within ¢ given area than anywhere
else known on Earth. Over 60 marine lakes have been created in the Rock lsiands via

geologic weathering. Each of these lakes is isolated distinct from the next, sorme being
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Ma.sf:{gfas sPccics onc“&F:’s[—;
inhabit sev;ra[ marine lzkes in
Fafau. T;‘ICSC lakes are uniquc
cnclosccl ccos_gstcms and

connected io the lagoon with tunnels or narrow chonnels. Others are more isolated
and completely enclosed by the limesfone islands and have litile water exchange with

the lagoon. The waters in the more isolated lakes have become stratified due to the provide an ideal setting to study
climatic everts

pﬁysicc! geography, limited tidal mixing, cnd limited mixing

by wind.

Three of the most unusual siratified lakes are popularly
known as the Jellyfish Lakes. Fach of these lakes contains

milfions of two speciés of Scyphozoan, Mastigias species

and Aurelia aurita.  The largest Jellyfish Lake is open to‘ the

public and receives thousands of visitors per year, while the

other two are closed for public use.

Elevated seawater femperatures, caused by the 1998 Ei

Nino—Sou’rhem_ Oscillation {ENSQ) event, destroyed miillions of 1heIMasﬁgias jellyfish,
Fortunately, the Mastigias population has rebounded to over eight million during the
past two yécrs (CRRF, unpubilished). An endemic anemone, Enfacamaea medusivor, is
also feund in one of the Jellyfish Lakes. These laokes are ex’rreme[y_ imporiant as simplified
ecosystems to the scientific community for studying shorf-term climatic events in the

fropics {(Hamner & Hamner, 199‘8}.

There are several freshwater lakes found in Babeldaob including the largest in
Micronesia, Lake Ngardok. Freshwaier organisms found in Palau’s lakes and streams
include gobies, flagtails, eels, shrimps, crabs, snails, bivaives, and sponges (Rapaport
and Moshe, 1999}, Saltwater crocodiles are olsb commaonly found in these habitats and ‘
Lake Ngardok is considered fo be a significant breeding ground for them {Messel and

King, 1991).

Ciimate change may affect freshwater lakes in Palau by reducing oxygen concenirations,

usually reducing diversity (Gitay et al., 2002}, Eufrophication is another worry via erosion

13
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Falauis home to the greatest
amount of undisturbed forest
area in Micronesia. T here are
over 75,000 acres of forest
cover throughout the islands.
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‘concentration) could be reduced (Gitay et al., 2002).

: 77.248 gcres [Ofebed and Maiava, 1994; Cole et al., 1987). Agro-forest covers aver

' 2,700 acres and is dominated by coconut stands (Otebed and Maiava, 1994; Cole et
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caused by mon-made and natural land degradaiion. Freshwater ecosystems will be

affected by alterations in the hydrolagical processes. Depending upon the increase or

decrease of precipitation in Palau over the next century, productivity in streams and
rivers may decrease. Drying of sireambeds, due to drought, could reduce ecosystfem

productivity because of the restricted aquatic habitat and water quality (O,

1.4.8 Terrestrial Forests
Nine types of forests are found throughout Palau including Upland Native Forest, Low

Coral Island Forest, Raised Limestone lsland Forest, and Mangrove Forest. Forests cover

al., 1987). Palau's forests are highly valued as watershed areas, for preventing soil
erosion, sources of firewood, medicines, building maferials, and areas to forage and

hunt for food. -

Non-forested urban, grasstand, and marsh arecs cover 21,068 acres {Qfebed and
Maiava, 1994; Coie et al., 1987].. Grcsslohd/scvonnah, characterized by a mix of grass
{Sword grass) and trees {Pandanus species) living in
nutrient-poor soil is thought io be the result of human

cutting and burning of forests over thousands of years.

Approximately 1,260 species of flora exist in the
archipelago, 830 of these being nafive (Merlin and
Keane, 1989; Fosberg et al., 1980). Several hundred
specie_s of flora are known endemics. Qver 400 specie
of alien plants are found in Palau {Otobed and Maiave
' 1994). One hundred forty one species of bird exist in
Palau, the richest avifauna in Micronesia. Fifty of these species are resident and the

others are either migraiory or vagrant species.
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i i i Figure 1.2: Palow Terrestrial Certebrate Endemic Fauna (Cromble and Pregill, 1999:
several other subspecies of bird may soon be revised as - pr
endemics (Pratt, 2001}, More endemic skink and gekko species CommpnMime. 5 R Sdientific Natme: 1T
Gray Duck Anas superciliosa
are expected from the Rock Islands due to allopatric speciation  [Eeau Sround Dove Gallfcoluma canlfrons
) Palau Scops Owl Pyrroglauy padarging
e, nal communication). A number of Palau’s - Falay Bush-Warbler Gattia anrice
(Cromb[e perso ) Palar Fly Catchar Myiagra erythrops
. . . Palay Fantal Rhipidura leplda
endemic species of flora and fauna should be considered Paio Momingiid e ST
. . . . . \White-Breasted Wood Swallow Artamus leucorthynchus
prone to extinction as they have specialized habitais, breeding Palau Greater White-Eye Megazosteraps palauensie
) . . Blue-Faced Parrotfingh Erythrura trichroa )
sites, or foods, and some have high economic vaiue. Palzu Frut Dave Pillincpus pelewansis
Palau Frog Platymantls pelewansis
Palau Tres Snake Dendrefaphis ingolatus
. . Pandenus Skink . Aufacoplax fepfosoma
some endemics must also compete against infroduced alien Rock Isands Gekko Gakka sp.
: Gakko spacles (2} Lepidodactufts spp. Fa
species for the same rescurces. Amphibians, in genercl, canbe  [Misronesian Frult Bat Plaropus mariannus pelewensts
Palau Fruit Bat Ptaropiss pitosus (probably extinct)
used as a good yardstick of ecosystem health. Amphibians are = [P2lau Sheath-Tailed Bat __ {Embattonura semicaudata palauensis
extremely sensitive o the environment due fo their porous skin
and l‘epl'OdUCﬁVS behaviors, Figure 1.3: Palay Alien Terestial Fauneo [Otebed, 1997)

Signtific Name! 575

Achatina fulica
' . . . e Gallus gallus
The frequency of fires are expected to increase in the Pacific Greater Suipher.crasted Cockatoo | Cacatua galerita
] . ' Eclectus Pamot Ecleclus roratus
due to the effects of warmer temperatures and increased Chestnut Mannikin Lonchura malagea
Marine Toad Bufo marinus
growth of small shrubs and grasses. Climate change is also indian Manitor Lizard Varanus indicus
Ametican Cameleon Anells carofinensis
: . Non-native Skink sp. Carlla sp.
X
expected to increase the frequency of pest outbreaks in warm Fonresian Bat Ratius exulars
. . N . Norway Rat Rattus norv agicus
regions (Gitay et al., 2002}. Overall, much of Palau's biclogical Black ,im Rarus mm,sg
. . . . . . Himatayan Rat Ratiug nitidus
diversity is at risk of extinction due to pressures arising from Common Mouse Mus musculus
. Aslatic Musk Shrew Suncus myrinus
natural precesses and human activities, Climate change can Pig Sus scrofa P
] Goat Capra hircus §
only put more pressure on organisms ecially vulnerable an Bamestic Pig Ganis famiitiaris
yp P g » &3P Y € d Domestlc Cat Falls catus
Crab-gating Macague . Macacs fascloularis

threatened species, though it may relieve some of the existing

.

pressures for a few species (Gitay et al., 2002}

1.5 Population
Palau's current population is 19,129 with an annual growth rate of 2.3 percent (MoA,
2002). The 2002 estimates for the average rate of naturalincrease is 1.2 percent. Infant

é_morfoslify is 14.2 for every 1,000 births and the population density per square mile is 110
';_;(eMoA, 2002).
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1.6 Socio-Cultural Chqrocieri_sﬁcs

- Th_e origins of the Palauan people are not known. However, due to linguistic similarities,

is generailly belisved that the islands of Palau were first settled by people migrating fror

Southeast Asia and Indonesia around 2,500 BC (Barbour, 1996}. Radiocarbon dating of

the oldest known vilage sites located in the Rock Islands and the terraces of Babeldcol

date the first to about 1,000 BC {Babour, 1996). There is also evidence of early migratiol

of Melanesians from New Guinea and Polynesians to Palau (PNM, 2001). The Palauans

are believed to be a compasite of Polyneasian, Malayan, and Melanesian races.

1.6.1 Tradition

By the first foreign contact in 1784, Palau had already developed a sophisticated and

highty organized social system. The matrilineal civilization was based on clans and

chiefdoms, and these traditions are st carry on.in modern society. Original Palauan

vilages had been situated away from the coast, with piers on waterways leading to the
reef-protected tidal flats, Vilages were _
organized by clanships through the fémole line
and subdivided into two political statuses (PNM,

| 2001} Councils of chiefs from the ten ranking
clans of the community governed the villages.

Women had an important advisory role end
and meney.

There were three major facé’rs to the Palauan
culture: prestige orientation, competition

between individuals and clans, and reciprocity

services. Kinship was the major determiniant of social behavior, and each individual in
Palauan society, from the moment of birth, had a definite rank in'the village, clan, and
family. This rank was based on family background and clan ranking, but achievement

through individual merit was possible and aggressively sought.

were particularly influential in the control of lanc :

and the manipulation of gifts, money, goods an
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1.6.2 Social System

Present day society in Palau is a complex blend of old traditions and western concepfs.
Palau has maintained much of ifs traditienal values, but life has changed dramatically
with the infroduction of western technology and money. Koror State, the provisional
capital of Palau, is equipped with westernized Infrasiructure, such as paved roads,

maodem stores, and numerous concrete structures. Every residential and commercial

structure in Koror State also has access fo electricity, sewerage, piped water, and

telecommunications.

The central importance of land and money as the root of

wealth and power within Palauan society has not
diminished with the various foreign occupations of Palau.
Falau's intricate system of bead-like money is still actively
used both economically and socially in inter-clan payments
for imporiant events such s birth, marriage, divorce, and -

death. ‘Although Palauan money is still used today for

ceremonial purposes, lond and other commadities are

Tybicolly purchased using Palau’s current means of

economic exchange, the U.S. Dollar. Land, for the most

Tradftional money beads and
To|u1t. {Female moncy) are still
used todag for Custom pur-
oses. Traclitiona] money is still P
Eig‘-ﬂg valued and Pn‘zcd within

1.7 Transportation ' | Palsuan society.

Palau currently has 61 kilometers of highways, with 36 kilometers of paved road {CIP,

pari, is considered to be owned by an entire clan and law

prohibits foreign ownership of land (Palau Constitution). ~

2002). The major port, Malakal Harbor, is located in Koror Island, the provisional capital
city. At present, the country has three airperts, but only the Palau international Airpdrr_
located in Alrai State, has paved runways. The Palau International Airport is curently
under expansion to accommodate additional air fraffic. The completion date of the

expansion project is projected for late 2004 (CIP, 2002).

Pclau has a series of low-laying causeways connecfing several islands to the provincial
Capitol of Koror. Three of Palau’s major causeways.that are considered of high

€Conomic importance will be severely affected by climate change and sea level rise.

17
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Causeways connecting the
islands are vital to local

transFor&ation and economic
acitivity. Thcg are at Ssk from
sea level rise and storm damagc
as climate change ’
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- PPUC also services the more remote istands of Kayangel, Peleliu, Anguar, and the
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. the causewdy connecting Koror to Airci where the Palau
International Airport is located;
the causeway connecting Koror fo Ngerkebesang where the
Executive Branch of the Notional Government and National
Hospital are located; and
" the causeway connecting Koror to Malakal island where Palau's national

meritime port is located.

Over the past two decades, the mnumber of cars on-island
has increased at a rafe of nearly 300 vehicles per year
(MoA, 2000). Importation of car paris and accessories,
appliances, and prepcckqged goods has nearty tripled i
the past decade. Currently, only car batteries are
reclaimed by the'énvironmen’rcl Quality Proteciion Boare
(EQPB) and stored uniil an economically viable means fc
export these batteries becomes avdilable. Curently one
beverage can recycling operafion exists in Palau.

o .
1.8 Energy Sector
Palau currentiy has one public utilities corporaiion, Palau Public Utilities Corporation
{(PPUC}, that supplies electrical services to all the inhabited islands. The PPUC is @ sem
private c.orporcﬁion that manages all of Palau's on-island energy production. PPUC
operates an eighteen megawatt and a six megawatt energy plant located in Aimilik

S“tcx’re and Malakal island respectively .

The Aimilik Power Plant sérvices the islands of Babeldaob, Alrai, and parts of Koror: w

the Malakal power plan services the islands of Malakal, Arakabasng, and parts of K¢

Southwest via generators, The PPUC is also exploring other alternative energy option

a more cost effective means to provide energy to the outerislands.




Jational Circyrnstances

Ihere are two major gas companies in Palau. Both Shell Cil and Mobil Micronesia store
fuel near Malakal Harbor and provide bunkering services o various airines and
intemational fishing vessels. Additionally, three private companies provide Liguid

Pé’rro[eum Gas (LPG), which is highly used for domesiic cooking.

1.9 Water Resources

The primary source of fresh water in Palau is from the atmosphere in the form of
precipitation. The patiern of late afternoon rain, rainy seasons, and yearly variations
related to global climatic changes such as the ENSO, all affect the availabiliity of
rainwater as a resource. Groundwater is found in Palau. fhough the groundwater lens is
thought to be fairly thin and most water pumped from the ground is non»po?qble. The

majerity of fresnwater used is surface water.

Lake Ngc:rdok is the largest freshwater lake in Micronesia encompassing C.18km ™ with a
storage capacity of 15,000,000 galions. The longest river in Palou, Ngerdorch River,
drains from Lake Ngardok and flows 10km fo its mouth. The Ngermeskang River is the

i second largest fiver and part of the Ngeremeduu, the largest watershed on the west

-‘-"—coc:s’r of Babeldaob. The Ngirikil watershed, located in southern Babeldaob is the main

source of water for Patau's population, supplying 4 million gallons of water a day. Tnese

Lakc Ndar&ok is considered to
be a major brecdmg 5round for
the en angcrcc{ lndc Facﬂ:lc

crocodi le. ]t is the iargcst natural

freshwater lake in Mncroncsla




r:resi-nwatcr managemernt remains
as the most eritical comroncnt o

the sustainabilit_g of Falau's long-

term hcalth.
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The use of fertilizers, herbicides, fungicides, and pesticides are not yet widespread.

1.9.1 Usage

Palau produces 300 billion gallons of water per year from surface water runoff and
about 40 blllion gcllons of water annually from groundwater recharge in Babeldaob.
Approximately 110 billion gallens is produced from there
on Palau. A total of 450 bilion gallons of infernal
renewabie water is available in Palau (GO[’\ZC‘:ﬂeS, Winzier
and Kelly, 2001}, The mean rafe of water usage per cap
per day is 100 gallons per person per day, o consumpiiol
rate of approximately 6.9 million gallons per year for

Palau's current population.

Consiraints on water usage are inadeguate storage
capacities and lack of weli-esiablished infrastructures fc
dis’rnbuhon The cutrent water freatment plont in Airai pumps 4 million galions per dc

which 35 fo 45 percenf is lost Through transmission {Marek, personal communication).

1.10 Agricutture

Palau lost an estimated 20 percent of its forests, grasslands, and farmlands due fo
uncontrollabte fires during 1997/98 (MoJ, 2000). During the same yedr, Palau
expenenced a 100 percent toss of taro crops {traditional food supply) on the ISiGﬂdS
Anguar, pelellu, and the westemn side of the big island of Babeldaob (Bishop. 1999).
date, the taro patches have not recovered and indicators show that Paiau is expec

to see an increase in duration and intensity of events such as Et Nino and La Nina (1P

2000).

Changing migratory patterns of certaln species are causing havoc 1o Palau's natur
environment and social interaction. Invasive diien species have been responsible f
decreased production of fruits and vegetable for local consumption and poiential

export, A 1995 agricultural survey showed that the introduction of the Criental Fruit
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cqused up o 100 percent damage to the mountain apple and carambola and 80

percent damage to guava and bananas plants (MoA, 2001).

Although agriculture production has fluctuated since 1995, population has steadily
grown at arate of 2.5 percent from 1995 fo the present time. For example, in 1995 fruit
and vegetable production fotaled 555,944 pounds, 1996 total production was 752,956
pounds, and 1997 tofal agricutture production was 744,814 pounds. Palau experienced
g large increase in agriculture production from 1995 to
199¢6. Similarly, marginal production change fram 199_6-
1997 shows only a 1 percent increase. However, this 1
percent growth in agriculture production is not
compatible with Palau’s 2.5 percent population growth
rate, which has consistently increased aver this period
(MoA, 2002). Due 1o financial and human resource
fimitations, 1998 was the last year data was collected on

Palau's agricuitural production.

During the past fen years, fhere has been a significant
shift from o traditional subsistence lifestyle to a more
wastarn style economy. ,A high percenfage of young Palauans are professionally
employed in trade and industry. This shift has escalated the growth of f'oreign [cioor

commercial farming companies that conduct large-scale agricutiural production.

1.10.1 Import Dependency
Palau imports all its energy generating requirements. In 1990/2000, there was sharp
increase in imports reaching nearly 110 percén‘r of GDP. This sharp increased was
primarily due to.capital improvement goods such as metal products, machinery, and
_'equipmerﬁ (IMF, 2002}. Imports of fuel, food, and beverages, fogether accounted for 28
percent of total imports. This figure alsc increased to about 45 percent during 1999/
‘ ’,?000. Imports are estimated to have aeclined by 25 percent in 2000/2001, as most

onstruction-related goods have aiready been imported.

Faiau's agricu|tural secter,
iﬂc]ucling traditional taro f-arrning,
has been ncgativc|3 imPac_tc:d in
recent .géars bg increased
ini:ensitﬂ and Fn:qucnc_g of
droug,l—.ts-, storms, and sea level
rise.

e ]
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in Compc:rison, Palau's exports, occounting for about 10 fo 1 S'percen’r of GDP, consist
mostly of fish (sashimi-grade funa) and one foreign-owned gcrrhen’r manufacturing

company.

1.11 Healih
Palau has a comprehensive heclth care system. Basic public health and medical care

is available at the Palau National Hospital. The Bureau of Public Health also services the

outiaying States with seven satellite medical facilities. Two additional private medical

clinics also provide comprehensive health care. Palau also has well-developed

health care referral prograrn to hospitals in the Philippines, Guam, and Hawail,

1.12 Economy
As with many small island countries, Palau faces many economic constraints deriving
from geographic isolation, a small domestic market, lack of adequate infrastructure,

high vulnerability to external and natural stresses, and a narrow resource base in ferms

of its natural, financial, and human assets.

Due to its past status as a UN Trust Territory under United States administration, Palau’s

curency is based on the US Doilar, Palau's main income sources are from the Compact

of Free Association (the

Indicdtor (evenyears). . SRR e R d  Compact) paymenis, tourism,

) Populafion 16,783 17,680 18,800 19,129

{)|Poputation growth (%] 2.6 2.6 20 23] trade, subsistence fishing and
Life expentacy : 69.5 48 70.9 70.5 OgT‘ICUHUl'e producﬂon, and
Crude birth rafe {per 1,000 population 2228 2017 15.14 13.45
infant mortaiity (per 1,000) 21.98 18,55 9.82 18.25| services mainly derived by the
Life expe.cfcncy af birth {boﬂ'\ Sexesi 49.46 68.02 70.89 70.48 pUb"C sactor (BOH, 2000}' The
Total ferility rate [average) 2.7154 2.441 1.8081 1.535
Non-resident workers 4,269 67861 Compact payments, which cre
GDP {in mlllloln U.35. Dollars) 84.6 108,204 117,320 118,206 scheduled to end in 2009,
GDP per capita 5,042.60 7,028.40 6,986.60 6,127.000 ’
Average wage rate {$yr/per worker} 7.101 7,193 7,687 8.520] constitute the largest income for
Unemployment {%) 2 2.1 2.1 2.3 the Republic.
- [Forest cover (%) 7é 76 76

Sources: Bureau of Budget and Planning

.22
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:

1.12.1 Compact of Free Association

SN

The Compact of Free Association is a 50-year political, strategic, and economic ireaty

petween the Republic of Palau and the United States. Under the Compact, Palau

S,

R

S

| ‘conducts its own domestic and foreign affairs as dny sovereign nation, while the United
E states retains control of defense and security matters as well as exclusive strategic
access to Palau's waterways. In retumn for this access, the United States cgr;aed to pay
the Republic approximately US$630 million during the first 15 years of the Compact
{1994-2009}. However, this sum is not completely monefcry, but a combination of
economic and technical support. To date, over half of the Compact payments have

already been paid o the Republic.

1.13 Tourism -

Currently the main industry in Palau is adventure tourism. In 1994, Palau derived US$é7
mitlion, or 47 percent of the GDP, from ifs fourism industry. From 1992 tc 1997, fourist
arivals doubied from nearly 30,000 to 40,000. However, due fo several factors, including
global warming, Palau’s tourism numbers have been in decline since the 1998 coral
bleaching event. This loss is reflected in @ 3.3 percent drép in the GDP in 1998. In 2001,

Palau staried fo see a slight

increase in tourism amivals. Figure 1.5 Palay's Tourism armival frends for the period between 1994-2000.

4995 1997 1998

However, the numbers of e . 1995 - - chiange . -
ourists visiting Palau Tourists 58022]  63601] 59,780 454620 42,470

‘ Business 2607 2,840 3876 3,708] 3462
annually are still far below  [Employment 3347]  3425] 3926 3746l 5064]
1997 tourist armvals. Other 5264 3853 1,346 3944 5508|
: TOTAL 44073] 53209 69330 73,719] e68928]  -429] 56466] 56,502

To address this issue, the

Executive Branch initicted the 2002 National Committee on Sustainable Tourism Policies

FUUA097I98 % o o
4999+

£2000°

Sowrce; Palay Visitors Authority

and Action Plans to review the various strategic and management plans for the

development of Palau’s tourism sector. The major outcome of the Committee was the
developmeni of the National Tourism Unif (NTU}, under the Office of the President. The
NTU is mandated to facilitate change by implemanting a program of coordinated

growth, developing policies, and es’rdblishing new fourism management activities within
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Chcifinus undulatus and
Caranax mcfamp‘ggus -The
Napolcan \Wrasse znd luetin
Treva”_nj are c_ommonlg found
a!ong Fafau's 1'_ceF5. RE.CF

"'[{;'s]'\crics continue to be the major

. source of protein in the Palavan
clic;t.
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the context of sustainable development. The NTU has a two-year programmatic

frarework to implement the outcomes of the Commiitee.

1.14 Fisheries

Palau's commercial fishing industry is quite small, with an averdge annuad! income of
approximately Us$3.5 milion (BOH, 2000). The commaercial fishing industry largely
consists of foreign long-lining fishing vessels . mainly targeting funa, in Palau's exclusive

ecohomic zone (EEZ). The sale and processing of the fish is done off-island.

Fish exporis declined in 1997/98 by about 20 percent as compared to
1995/94. This was primarily due to the government requirement that

g all fishing vessels install Vessel Monitoring Systems (YMS), as well as

| the 1997/98 El Nino event {IMF, 2002). Subsequently, fish exports rose
by 23 percent in 1998/99 as several neighboring countries also began
to require that fishing vessels install VMS. In?OOO/Ol , fish exports are
estimated to have fqlieﬁ again by 33 percent to approximately US$7

million, compared to a peak of US$13 miltion in 1994/%5 (IMF, 2002},

As stated above, it is possiple that climate change may affect the migratory fish

populations in Palau's waters. The future distributions of these wide-ranging species are
difficult fo predict. However, climate change may affect regional tuna fisheries in two
major ways: by raising average ocean suriace temperatures to levels currently
experienced during medium-intensity El Ninos and by increasing year-to-year climafe .

variability (World Bank, 2000). The likely impacts are expected to be pervasive,

affecting disiribution, abundance, and catchability of tuna and other pelagic species.

Primary productivity of tunain the cen’rrdl and eastern Pacific ocean would decline due
to the increased stratification between warmer surface waters and colder deeper
water. The decreased upwelling may induce a decline in bigeye and aduit yellowfin ‘
populations. However, skipjack and juvenile yellowfin funa are not expected to be

affected.
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Greenhouse Gas Inventory

2.1 Introduction _

As a non-Annex | Party fo the United Nations Framework Convention on Climate Change
{UNFCCC}, the Republic of Palau is reduired fo develop, periodically update, and
publish its national inventory of c:hfhropogenic emissions and removals of all greenhouse

gases not controlled by the Montred! Protocol on Substances that Deplete the Ozone

Lavyer,

2.2  Methodology, Assumptions, and Dafa

In accordance with decision 10/CP.2 of the Conference of the Parties {CoP) to the

7y
KFljgut-ceZI Compleieness of Data for Palay's Greentiouse Gas Inventory UNFCCC, the inventory was prepqred using 1994 as
004 QQ Q96 (1) "3 Qg0 ||‘

Energy () (+) (*) (¥) (+) (v) the base year. Except were noted, the methods
Industrial v v v v v v . .
Processes and default vaiues under the revised 1996
Agriculture | v v ¥ v v v v
Land-Use v Intergovernmental Panel on Climate Change
Change and L )
Forestry (IPCC) Guidelines for Nationat Greenhouse Gas
Waste v Inventories were used to determine Palau’s

Fgure 2.2 Infegrctad Inventory of Annual Emissions for Palay In 1994 .
"~ Carbon Methane Nitous  Nitrogen -NMVOC:

Dioxide

(G coy)

greenhouse gas emissions.

Oxide

_(.G.g)_: 1 99), _ '(kg) ( G_Q) | Due to insufficient data avaiability to carry out @

more detdiled sectoral approach, the IPCC

0.02 : 180.4 0044 Reference Approach was used fo esfimaie

greenhouse gas emissions from the energy sector.

0.55 <001 No consideration was given to the sector “Solvents

Ensrgy

Induskial Processes 0.195
Aatlculture 3,48

\ “}.and-Use Removals -424,03

i Emissions 6.84

Waste

Total -331.6 055 002 18041 0241

and Other Product Use” as no methodology is
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provided in the IPCC Guidelines. Additionally, in the case of Palau, emissions from this

sector are assumed fo be insignificant.

2.3  Results and Analysis
Figure 2.2 quantifies the estimated emissions of GHGs by Palau in 1994, Emissions of CO,
by the energy, agriculture, and land-use sectors were supstantially offset by remaovals

associated with changes in stacks of forests and other woody biomass.
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2.4 Qudlity Assurance

It was possible to assess the level of confidence in some of the emissions
estimates by following the procedures used by Hay and Sem {1999). For
éxample, CO, emissions from Palau's energy secior are caonsistent with
those of ten other Pacific Island countries, when assessed relative to the

national population (Graph 2.1).

Similarly, consistent results are found for emissions of methane {Graph 2.2)
and for total carbon uptake due to changes in forest and other woody

biomass stocks {Graph 2.3).

It was not possible to undertake compared estimated CO, emissions from
the energy sector using the IPCC Reference Appreach and the more

detaited sectorat approach. Insufficient data were available fo estimate

©02 from Energy (Gug)

1400
1200 .
E 1000
= 800
g
¥
200 Log- L
GM . ' r ,
[+] 200 400 600 a00 1000

Population (000}

Graph 2.1; Estimated CQ, emissions from Palau's energy sectorin 1974
{shown by red tiangle] relative to its national population. Compa-
rable values are shown for fen ofher Pocific Isiand couniries (after Hoy
and Sem, 1999},

i
Methane Emissions from SWDS

4 . -
2o L
L
£ *
g5 .

G g v T T .

0 200 400 500 800 1000

Population {thousands}

Graph 2.2: Estimated methane emissions from Palau's sofid waste

emissions from the energy sector using the more detailed sectoral

Capprogeh,

2.5 Uncertainties

The summary overview table in the Revised 1994 IPCC Guidsalines was
used to repori the levels of confidence in the emissions estimates, as well

as the status of the emissions estimates, the level of disaggregation of the

estimaies, and the completeness of the documentation:

In general, reported emissions are for total emissions for ali sources
{there is no disaggregation), there is medium to high confidence in

ecach esiimate.

2.6 Greenhouse Gas Emissions by Sector
The naticnal greenhouse gas emissions and removals for ¢l

“sectors for the baseline year of 1994 and from 1994 to 2000 for

disposal site in 1994 (shown by red tiangle) relative io iis national
popuiafion, Comparable values ore shown for six other Pacifie lond
countries [affer Hay and Sem, 1999).

CQ2 Removals Due to Changes in Woody
Biomass Stocks

L 4

Annual Carbon
Uptake (kt C)

- [

[ ==

~5EBE

400 00 820 1000
Population {thousands)

Graph 2.3: Estimated carbon uptake due to changes in forest and
ofher woody biomass stocks in 1994 {shawn by red triangle) relative to
its natlonal population. Comparable values are shown for six other
Pacific Island ceuniries (ofter Hay and Sem, 1999,

Figure 2.3; Apparent Damestic Consumption of Fuel ond Associated CQ,
Emissions in 1994,

Gasoline 5946 267.24 18.34]
QOther Kerosene 314 14.18 Lo
Gas/Diesed Oit 19388, 840.07| 61.4
PG 130 6.18 0.39
tubricants 267 10.73 0.78
Solid Biomass 53 083 0.09
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2.6.1

Carbon Dioxide Emissions from the Energy
Sectaor

Sofd Blomass
0.1%

74.8%

Graph 2.4; Emissions of €O, in 1994 associoted with the
damestic consumgtion of fuels lexpressed in percent).

Annual CO2 Emissions by Fue! Type [1994-
2000

GgCoz

Cther
Kérosena ©  + Ol - -

{1508 11956 (11596 11697 M 1998 B 1969 W2000

Graph 2.5 Annual €O, emissions by fuel type [expressed
in Gg €0}, for the years 1994 to 2000, inclusive.

Annuzl Emisslons of CO2 by Energy Sector
{1994-2000}

140.00 -
120,00 -
100.00
80.00
80.00

k..., AGg CO2

1694 1996 1898 1897 9% 1699 2000

Graph 2.6: Annual emissions of CO, by the energy sector.
for the period of 1994-2000, Inclusive,

o

Relative Impeortance of International
Bunkering

% Bunkers:
A Domestlc

Jot Other  Gus/Diassl Lubricanis
Kerosane  Kergsens on

Graph 2.7: Quantities of fuel used in infernational
bunkering in 1994, relative to those imported for domnestic
consurmplion.
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ihe selected greenhouse gas emissions related to the following seciors: energy. industrial

-pracesses, agriculiure, and land use and foresiry.

Ernissions From the Energy Sector
Figure 2.3 depicisthe apparent domestic consu mpfion {i.e. imports combined with
domestic production less international bunkering) of fuels consumed within the
energy sector of Palau in 1994, including transportation. Graph 2.4 shows apparent
domestic cansumption {irhporfs combined with domestic production less
international bunkering) for 1994 and indicafes that the dominant fuels consumed
domestically in Palau are gas and diesel oll, followed by gasoline. Other fuels

colleciively comprise a small portion of naticnal fuel consumption.

Total emissions of CO, in 1994 amounted to 82.11 Gg CO,. Thisis equivaient to
emissions of 4.49 fons of CO, per capita. Arange of 0.23 to 4.40 tons of CQ, per

capita was reported by de and Sems {1999) for fen Pacific lsiand countries and o

value of 4.02 tons of CO, per capita for the entire world in 1994.

Annual emissions of CO,, by fuel type for the period of 1994 to 2000, are shown in
graph 2.5. This indicates a substantial and relatively consi's’ren’r increase in CO,
emissions by the energy sector overfime, d sifuation that is also demonstratedin
Graph 2.6. By 2000, total annual CO, emissions from the energy sector had risen to

121.88 Gg CC,, anincrease of 32.6 percent over 1994 values.

Graph 2.7 shows the dmoun?s of fuel used for in‘rerna’rioncl punkering, relative fo
that imported for domestic consumption. Data are for 1994, Similar annual data
are available for 1995 1o 2000, inclusive. Absolute values are nof provided due fo
confidenticlity requirements. Alljet kerosene is used for international aviation.
Smalller portions of gas/diesel oil, gasoline and lubricants are clso used for

international bunkering. None of the "other kerosene" is bunkered.
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2.6.2 Emissions from Industrial Processes
Figure 2.4 presents annual emissions estimates associated with soda ash use, road paving

with asphaif, aleoholic beverage, bread Figure 2.4: Gluantities Involved in Sl Ash Use, Road Paving with Asphalt, and with Alcoholic Beverage, Beead and

other Food Froduction. and the Associated Emissions of Greenhouse Gases.

and other food production, for 1994 fo 2000,

SR e TR 1998 L ISR 99T SR
' P ot Soda Ash Use {Amount [} 17.9 356.8
. GQu

inciusive. Quantities produced are also co2 (G} 001 Py

shown. Some values may be revis frer Asphalt Amount (1] 6o 502 712 427 1435 635 5055

Y ed affe NMVOC [Gg) 019l . 018 023 0.14 0.05 0.2 0.14

additional quality controls are applied. Beer Amaunt [hi) o 4 283

quaity PP NMVOC (kg) 245 854 9m

Soda ash use was nofrecorded priorfo 1999 [Spifts Amaount {hi} 1708 1703 4258 4258 4258 891 8073

NMYOC {kgl 255.45]  255.45 4387]  s387 s387]  smasl 121098

and beer production commenced in 1998. Cakes elc  |Amourt &) 160.81]  140.81]  160.81]  160.81| 167.14] 16714}  196.1%

, NMVOC {kg} 16081F  16081] 14081  16081f  1e7.04] 16704 19609

In all cases the emissions are small on both a Bread | Amount (f} 307.34 307.34 307.34 307.34 321.54 320,82 320.82
NMVOC tkg) | 2438.72) 245872 o24sB72)  245872] 2572.30]  2sesse|  2566.56) o

relative and absolute basis, and with varying

frends over time. )

2.6.3 Emissions from the Agricutture Sector

Figure 2.5 depict emission estimates associated with methane emission from enteric

fermentation and manure managerment, nitrogen emissions from animal waste

mancgemeni systems, carbon emissions from the buming of savannas and from the field

buming of agricultural residues and of direct

N,0 emissions from agricultural soils, Other

emissions due to agricultural activities have Enteric Fermentaiion TonsMethane | 4602] 4408|3354  37.76] 3345 3133 2579

and Manure Management .
: re well within § Nitragen from AWMS kg/Nfyr 180.4 181.5 182.4 183.3 1842 184 1289
been estimated and a . he Burning of Savannas Gg Carbon .89 0.54] 1.19 3.58 7.75 1.79 1.19
morgin of etror and are not reported here. Field Buming of Agricultural {Gg Corbon 0.06 Q.04 0.02 0.14 Q.07 0.12 023
Residues
Dlrect N2O Emissions from  |Gg N2O 0.02 o2 0,02 002 [e1vr) 002 oozl
Agricvifural Soffs ( )

Graph 2.8 shows emission estimates

associated with methane emissions for enteric fermentation and manure . . _
: Emissions Related to Agricultural

management {tons of Methane), nifrogen emissions from animal waste : Activities
management systems {kg/N/yr}. and carbon emissions from the burning of fgg —-\\
savannas {Gg Carbon). 2 10 \

2 :;g N\ Femistin g

; 100 _‘:'f"l’"wﬁ"j'm’%'““
Graph 2.8 demonstrates the temporal trend of the main emissions associated g %0 e sutoget

. . é B0 Emannss
with agricultural activities, for the years 1994 1o 2000, inclusive. In all cases 40 T
20
0 r + g _,‘_,——_'-—--‘..‘__

1994 1996 1926 1997 1898 1999 2000

Groph 2.8: Emissions Related to Agricultural Activites,
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the emissions are small on both a relative and absolute basis, and with varying frends over

fime.

2.6.4 Emissions frorﬁ | and-Use Change and Foresiry

Figure 2.6 shows the annual removals of atmospheric carbon associated with land-use

‘ Figure 2.6: Annual Removals of Aimaspheric Carbaon Asseciated with tond-Use Change in activitiesin Palau, based on G ’rhree-yeor average (ending m

Palau and Selected Other Pacific Istord Countires.
1994}, excepi for the decay of above ground biomass where a

Land-use - Carbon ki Carbon 1ES. 42.1 2 240.1%; 920,19,
Removal Gg &0 4240y 15444 1084 w7978  ten-year average is used. The release of carbonasa
Blomass Buming = | kt Carbon
_,["1_rban Released o ape .
£ 008 a75 consequence of foresiry aciivities could not be estimated due
kt Carbon :
to the lack of relevant activity data. However, annudl
17 : 58 ernissions are likely to be smali due to the low leve! of forestry
Gy CO,

activity in Palau. The datafor Palau indicate that, in terms of

584 2149 —_— 7674 land-use activities, there is anet uptake of carbon.

2. 6 5 EmISSlOHS from Waste

Figure 2.7 presents the cnnucﬂ methane em155|ons from the solid waster disposal site (SWDS)

and as a consequence of qu’rewcﬂer treatment and annual ernissions of N,O from human

Fi gure 2.7+ Ernissions Assocmied with Waste and Waste Treatment in Palay and Selected Other Pocific lsland Coundries. A
L Kb sewage. Also shownin Figure 2.7 are

Slnits o falay - Coak s L " Marshall s’ - Nauru- > - Samod’, -Solomon 5]

Me'lhqne

from SWDS
Methane kg 0.1
P countries for which data are available.
4 Woslewater
L. q irectment

N,0 from Gy 0.0018
Human
Sewage

equivalent dafafro other Pacific lstand

2.7 Comparison with Other Counfries

tn 1994, emissions of CO, by Palau’s energy sector amounted fo only 0.0004 percent oi the
global emissions of CO, due to energy production. In comparison, Palau has only 0.0003
percent of the global population, reflecting that emissions of CO, by Paiau’s energy sectar
are above the global average on a per capita pasis. By way of contrast, OECD countries

had per capita emissions of 11.07, resutting from having 54 percent of the global emissions
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despife hqving on|y 19 percent of the Figure 2.8: CQ, Errissions from tha Energy Sectorin Comparison with the Rest of the World,
O Req Populatio Patro O O Q o
global population. o 0 o ons pe o o
o e o Q
- quivcle
Palau is & mincr emitter of greenhouse
Q) O C 8] -

gases, in both a relative and absolute S
sense. Thus, any steps Palau takes to Potay i 0082 0083 4.69)  0.0004 0.0003

i Pacific islands 7100 5 0.94 0.0301 0.123
reduce ifs emissions, and enhance its OECD 1092300 .09 54 )
carbon sinks, will have a negligible effect  ]¥ond 5624400

N
1 Data sourced from SPREP [1999] and IEA (1998)

on the enhance greenhouse effectand 2 Doty sourced from Palaw lnventery, Hay and Sermns [1999) and 1A (1958)
3 Dote sourced form Johwston {1995)

. 4 Data sourced from Fatau Invertary and Hay ang Sems (1999,
global warming. However, steps should vertary Y [e99)

be taken to increase efficiency of existing energy supply systems. Increased efficiencyin the
current energy supply system, combined with al_’rerncﬁve energy, would equate loincreased

cost savings to the Republic over the long term.

The inventory do’rd collected and analyzed over fime should provide an opportunity to
quantify the extent fo which land use change and changing use of fusls for Custom in Falau
are confributing to netincreases or decreases in aimospheric greenhouse gas

- concentrations. Although the magnitude of the resulting changes will be small from the
glebai perspective, the findings will be instrumental in guiding national policies, and
implementing plans that achieve larger reductions in global net emissions. Thus baseline and
subsequent inventories are fundamental to being able to frack the benefits and costs of

mitigafion strategies that have been implemented aver time.

28 Data Gaps

Freparation of Palau's first national greenheuse gas inventory identified several gaps and
difficulties in applying the Revised 1994 IPCC Guidelines. Many of these culminated in
uncertainties in the esﬁmofed_emissions andremovals. To date, the inveniory has been
complefed for gll five sectors for 1994, The greatest constraint fo compiling the GHG

inventory in Palau was insufficient data to adegquately calculate actual emissions.
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28.1 Energy Sector

The IPCC Reference Approach was used to estimate emissions from the energy sector
since there is ho breakdown of fuel by source category, meaning that detailed l
technology-based (Tier 1} calculations could not be undertaken
at this fime. Changes in stock and amount of carbon stored
could not be estimated as the required datfa are not avaiable.
in the absence of locally developed values, default values were
used for carbon emission factors and for the fraction of carbon

oxidized.

To date, one of two major fuel importers, has made annual data
available for the years 1994 through 2000 for gasoline, jet

~ kerosene. other kerosene, gas/dieset off, and lubricants.
However, data have not been made available by the other fuel importers, requiring
these imports to be estimated. This presents a major gap, and hence a significant

shortcoming in the confidence of the inventory. Data onimports of LFG for ihe period of

_1994-1999 were estimated using IFCC d‘efculis. LPG data for 2000 was made available

for the invenfory.

Estimates of biomass consumption were made using procedures in accordance with
IPCC guidelines, and relates only to firewood used for lime production, funerals, births,
and other Custom. While the number of births and deaths were available from official

census records, all other variables represent crude estimates of best.

2.8.2 Industrial Processes

The assumption that emissions reiate only to four indusirial activities (seda ash use,
asphait production, alcoholic beverage producﬁon, and produciion of baked
foodstufts, relevant to Palau must be verified. In fhe absence of locally developed
values, default values were used for all emission factors and for other relevant variables. )
It was assumed that the only domestic use of soda ash was for the Keror-Alrai Water
Treatment Plant. Data was available for l§99 onwards, when the Plant went on-line.
However, annual consumption data of soda ash used at the Water Treatment Plant must

be reconciled with important records.
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The ﬁnconsisfency in activity data related to road paving with asphait needs to be
reconciled, rather than rely on information provided by one domestic construction

company.

At this time, emissions arising from alcoholic beverage production and bread production

and other food production are smalt on an absolute and relative basis,

2.8.3 Agriculiure

In the absence of locally developed values, IPCC default values wers used for all
emission factors and for other relevant variables. Numbers of animals for each livestock
type are available for 1996 and 1999 only, requiring forward and backward

- extrapolations for 1994, 1995, and 2000. Emissions estimates will need to be revisited for

2000 when the official statistical data for that year becomes available.,

In the absence of formal data pertaining to forest and savanna fires, ihe National Fire
Department provided estimates for the period of 1994 through 2000, Estimates of the
amountis of agriculiural residues burned in the field were based on crop dafa uvcllcble

for 1995 to 1997, only This necessitated exfrc:polohons for 1994 1998 c:nd 2000..

Estimates of emissions-of nitrogen from agricultural soils also require considerable activity
data, as well as the use of default values in the absence of locally derived values. To
estimate emissions for Palau, the principal data requirements relate to the amount of
nitrogen fertilizer applied annually. Data are available for 1998 and 1999 only. There

was no other viable option than to assume similar levels of fertilizer use for earlier years.

2.8.4 Land-Use Change and Foresiry

In the absence of locally developed values, IPCC default values were used for all
emission factors and for other relevant variables. The areas of forest and other woody
biomass stocks were estimated using information from the 1979 Vegetation Survey of the
Republic of Palau. No information was available on commercial harvest of forests and
other woody bicmass stocks. Traditional fuet wood consumed has been estimated
under Energy. Estimates of CO,emissions from biomass involved in forest and grassland
conversion required information on the area converted. In the absence of more

substantive data, a value was prepared using information contained in the

Taro (above) and tapzoca
are traditional sources of
carbohgdratcs in tlﬂe Falauan
diet.
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Environmental Quality Protection Board permits issued for developments in Koror dnd

Alrai States.

Quantifying the carbon released by decay of biomass requires an estimate of the area
converted, averaged over ten years. In the absence of more substantive data, a value
was prepared based on the advice of the Bureau of Agriculture. No attempt has been
made to esfimate non-CO, gas emissions resulfing from on-site burming of forests. [ was
assumed that the quantities involved are likely to be insignificant and within the margin

of error.

2.8.5 Waste

In the absence of locally developed values, default values were used for all emission
factors and for other relevant variables. Currently there is only one
solid waste disposal facility that handles solid waste generated by
the urban population in Koror State. Methane emissions from this site
were estimated, butf not those from the several rural and
unmanaged solid waste dispdsci sifés‘ that exist in other parts of

Palau.

Populaiion census data for 1995 and waste characterization data
obtained in 1999 were usad to estimafe population and waste
amounts and composifion for 1994, This was the most appropriaie
and expedient approach, in the absence of other more relevant
data. No methane is recovered from the disposal site in Koror State. The methane
correction factor wos estimated on the basis that the landfill is unmanaged. with the

waste being ot least 5 meters deep,

The emissions of methane from the treaiment of domestic and commercial wastewater

used 1994 national data on BOD in wastewater, with the caiculated BOD value being
the same as the IPCC default valus for Qceania. Industrial wastewater is nof freated

separately, and is included in the total calculafions.

The estimate of indirect nitrous oxide emissions from human sewage used the estimated
population of Palau in 1994 and annual average per capita profein consumpfion for the

country. The esiimated emissions are small and within the margin of error.
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Greehhouse Gas Mitigation

3.1 Infroduction

The results of the Nafional Greenhouse Gas inventory provides a comprehensive set of
nationai data that can be used in the preparation of nafional susidinable development
. sirategies and for assessing the sLIccess of these sirafegies over time. For example, the
inventory can assist Palau recognize opportunities to increase the efficiency of existing

energy supply sysiems and-fo consider opportunities for substituting less costly fuels,

3.1.1 Economic Factors

Economic faciors may influence the decision to reduce erhissions through increased
efficiency of existing energy supply systems and to cansider opportunities for substituting
less costly fuels. The information available as a result of the greenhouse gas inventory will
help deftermine the cost effectiveness of various opfions and, in turn, guide the decision-

making process as it relates fo investment and other initiafives.

3.1.2 Political Factors

Political factors may influence the decision to reduce emissions through improved
efficiencies and/or use of fuels that praduce emissions with a lower global warming
potential. For example, the international standing and credibility of Palau will be
enhanced if there is a demonstrated wilingness to actin concert wﬁh other counfries,'

rather than pleading special circumstances.

3.2 Energy Demand and Use

Palau imports all its energy supplies to meet the demand of its privale and public
sectors. Palau's social and economic development is highly dependant on its current
sources of energy: This aspect of Palau's growth combined with its economic isolatfion
makes large-scale mitigation options difficult af best, However, mitigation measures
rela’_red to energy consumption in Palau can be subdivided into demand side and

supply side options.
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3.2.1 Demand Side Options

Dermand side options would include improved efficiencies and fuel substitutions in the

transport and indusfrial sectors, labeling schemes, and education and awareness
programs. Such measures can be further targeted fo foster accurate cosfing
mechanisms if the information provided by a national greenhouse gas inveniory is

available to decision makers and planners.

Energy Efficient Products _

Measures should be taken at the natfional level fo develop mechanisms to require the
government procurement process to purchase energy efficient appliances and
equipment for public sector buildings. This can include "energy star' equipment and
products such as double pane windows. Additionally,
private secter incentive programs cimed at energy efficient
goods for construction purposes may be developed to
éncouroge market demaond for energy efficient preducts

and services.

The use of such products as high-in’rensf’ry discharge lamps,
which provide the highest efficacy and longest service life
of any fighting type, can save 75 to 90 percent of lighting
energy. This in tum reduces lighting costs by 3010 60
percent while af the same fime enhancing lighting quality

and reducing environmental impacts.

Training Programs

Short-term efforts to reduce Patau's greenhouse gas cansumption may focus on
education and training programs related to the instatlation and operation of air
conditioning and refrigeration systems and in-couniry assessments of ground ‘
Trdnspor’roﬁon. Long-term measures may include improving the design of education
and awareness raising programs targeting energy consumption practices geared af

prescheool children and yaouth,
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Building Codes ‘

The development of a nationally endorsed set of comprehensive building codes that
tncorporate energy efficient requirements will facilitate the use of energy efficient
products by both the public and private sectors. The cost savings associated with
energy efficient products would encourage increased use of such products over the

long term. For example, 23 percent of an average household's energy bill is spent on

heating water. By requiring alt buiidings, both residential and commercial, be equipped
with solar water heaters, owners will see g cost savings of about 50 to 85 percent on their

utitity bills as compared o the cost of electric water heaters (DOE, .1 994).

3.2.2 Supply Side Options

Supply side options include increased efficiencies and fuel substitution in existing energy -

systems. Again the feasibility, costs, and benefits of such options are more readily

assessed if relioble and comprehensive greenhouse gas inventory data are available,

Alternafive Energy Options
Short-term measures to mitigated greenhouse gas consumption levels might include

wind energy assessments and the establishment and operation of sustainable Palau has an unusually high
=

photovoltaic projects. Longer-term measures might include fuel substitution in the ;‘;’"ﬂb“—'ri Oicars per Ca_P"ta; :
. ehicular ransPortatlon 15 a E
transport sector, the development of renewable energy from waste and biomass, and large component of the island's

the use of ocean thermal energy conversion as a possible CO*.c'ssn'

B 1o

option for a supplementary renewable energy source.

Reconditioned Vehicles
Palau has o high number of reconditioned vehicles
because they are relatively inexpensive, During fhe past

ten years, the number of cars imported into Palau has

increased by 400 percent, and o high percentage of these
imports are reconditioned cars. Because of this frend,
Palau has severe traffic problems during peak rush hours.

To reduce traffic problems and ensure air quality, the
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government should ban vehicles produced pricr fo 19%4 and reconditioned vehicles

with an engine capacity of less than 150cm?® into the country.

3.3 Promotion of Carbon Sinks

New (i.e. incremental} free growth has the potential fo provide greenhouse gas
mitigation through the use of wood as a cooking and industrial fuel and through
increases in the standing biomass. Hence the reestablishment of forests is an effective
mitigation measure. While a mature forest with sfable biomass is neutral in terms of
emissions and remaovals, forests that are being harvesited,
cleared for agriculture or damaged by fire are net emitters

of greenhouse gases.

The inventory data collected and analyzed over time
should provide an opportunity to quantify the extent fo
which land use changes and changing use of fuels for
Custom in Palau are centributing to net increases or
decreases in atmospheric greenhouse gas concehfraﬁons.
Though the magnitude ofthe resulting changes will
inevitably be small from a global perspective, the findings
may well be instrumental in setting national policieé, and implementing plans that

achieve larger reductions in global net emissions.

3.4 Solid Waste Management
Developing an integrated waste management system incorporating CH, recovery from
landfills Is an option that may be used fo mitigate GHG emissions. Not only will the

development of anintegrated waste management system aid the Republic in' the

‘reduction of solid waste and facilifate the recovery of CH,, but will also aid in alleviating

undue stress to the natural environment, decrease pollution, and decrease health
related problems derived from improper woste freatment. Development of an
effective waste management system would also greatly furiher the Republic's gocls for

sustainable development over the long-term.
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3.5 Coral Reefs

Palau's cordl reefs supply an abundance of food, building materials, and protect the
slands from wave action. Palau's coral reefs are also renown s some of the most
ciclogically diverse marine habitats in the world and are o major component in ifs

fourism product mix. |n addition, studies have shawn that healthy reefs are dlso a
aatural sink for-carbon dioxide.

n order to reduce the anthropogenic and naturd! stresses an the reefs of Paiay,
neasures need fo be taken fo reduce fishing and recreational diver impacts, diminish or
xan coral dredging, ensure unfreated solid waste is not discharged onto the reefs, and

nost importantly, reduce the amount of sediment/runoff produced from poor land-use

sractices.

3.6 Capacity Building

\nalysis conducted during the first National Greenhouse Gas Inventory suggest that the
»iority areas relate to ensuring that the necessary information is readily available and
here is the required expertise 1o pi‘ocess and analyze it is limited. A close second would
e improved methodologies, especially with respect fo their applicebility to the

sircumstances, needs, and capacities of Palau.

uture invenfories will have value enly if individuals who have the expertise to apply and
idapt the internationally approved inventory methods conduct them. In order to make
naximum use of the information acquired through the present inventory process, and to
nisure that future inventories are comparable yet improved, it is important that

Xpertise continue to be built in-country. Palau must clso further develop its capacity to
Werpret the findings of the inventory and ensure that the information is reflected in

afional policies, plans, decisions, and in international negotiations.

nproved information acquisiion and management sysiems must be an integral part of
1e national information gathering procedures, operating under that authority and in a

‘ay that ensures consistency and completeness in the records.

! b o e LERAT g . ¥
Sphaeramia nematopters -
T ciuvenilc pajama
cardinalfish may _oFtcn be
found inha biting pro’ccu:tcd

reefs of the inner lagoon.
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I summary, there is a need to sirengthen the relevant information acquisition and

management sysfe_r_‘ns, address limitations on resources {financial, techrical and
numan), strengthen institutional arrangements and address inadeguacies in the
methodologles. Increasing the éapccify of Palay to be a more active and fruitful
pariner in addressing climats change Issues requires @ comprehensive effort across @

variety of fronts.

3.4.1 Human Resources Development

Further plan, develop, and implement targeted, in-country, training which will ensure
that key individudls in government ministries and agencies, State-owned and private
sector enferprises are able to collect, process, cnd' exchange specific Information

required fo strengthen ekisﬁng, and complete subsequent, National Greenhouse Gas

inventory.

3.62 Cross-Sectoral and Cross4nstitutional Sirengthening

Pian, develop, and Emplemém‘ an ins’riﬁJﬁoncl strengthening .prcgrdm aimed aof
govemment minisiries, officicl agencies, and S’rc"re-owned.en’rerprises to ensure each
starkenholder has the policies, procedures, and cornmitment that will enable the

necessary collection, processing, and exchange of information required to complete

‘the National Greenhouse Gaos Inventory.,

3.6.3 National Greenhouse Gas Inventory Manual
Scope, develop, and disseminate to all relevant stakehaoiders o National Greenhouse
Gas Inventory Guidelines for collecting, processing, exchanging infermation, and

reporiing of datd required to develop the annual Nafional Greenhouse Gas Inventory.

3.6.4 Awareness Raising and Pcrﬁcipctﬂoh

" plan, develop, and implement a helistic awareness program that wil result in raised

community and political awareness and, participation, including the private sector, for
follow-up the findings of the greenhouse gas inventory, This initiafive should include
integrating the findings into nafional development planning processes and addrassing

the requiremenis and opportunities for sustaincble development at ail levels.
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3.6.5 Integrated Assessment of Environmental Pressures
Develop fools, methodologies, and appropriately frained natlonal experts that wil
facilitate integrated assessments of State and National level policy options that address

the pressures and resulting impacts of social, economic,
and global changes. The initidl focus may be on integrated
assessments that identify the most cppropriaie policy
options and implemeniation plans related fo the mitigation
of greenhouse gas emission in Patau, especially those
highlighting energy produciion, supply and consumption,

and fo the transport and fourism sectors,

=Y

As dcvc[opmcnt Pracccdé, there
is 2 continuaus need ko monitor
and mitigate impacts on Palau's
natural resources, -
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Vulnerability to Climate Change

4,1 Introduction

The recently completed 'l;hird Assessment Report of the Infergovemmental Panel on
Climate Change (IPCC) {IPCC, 2001}, recognizes that climate change and sed—level rise
pose a serious threat to small island states. Characteristics that increase island
vulnerability include their small physical size in proportion fo the ocean, limited natural
resources, relafive isolation, the extreme openness of small economies that are highly
sensitive fo external shocks, highly prone to natural disasters and other extreme events,
rapidly growing populations with high densities, poorly developed Infrastructure and

fimited funds, human resources and skills.
The Third Assessment Report of the IPCC states that:

- There is new and stronger evidence that most of the warming observed over the
last 50 years is affributable to human activities; ' |
Hurman influences will continue fo change atmospheric composition throughout
the 21% century; ' .

- Projected increases in global mean temperature to 2100 lie between 1,4C and -
5.8C; -

+ The projected increase in mean annual temperatures for the Pacific Istands
region to 2050s is 1.4C and 2.5C to 2080s;

Projected rises in global mean sed level to 2100 lie befween $cm and 88cm:;
Past long-térm trends in sea level in the Pacific Islands region {2mm per year)
are consistent with global changes; while there wilt be regional changes in sea
level in the future, it is likely that region wide sea levels will confinue to track
global trends in the longer term;

+ Regional trends in precipitation are difficult te predict, but scenarios suggest for
the Pacific Islands region an increase of about 5 percent by the 2050s and 7
percent by the 2080;

+ There is insufficient informafion to provide conclusive statements as to how
tropical cyclones will respond to glebal warming; and
Current projections show [iftfle change or enly small incréoses in amplitude cf B
Nino events over the next 100 years, though recent trends indicate surface

temperatures in the tropical Pacific are becoming more £l Nino.like - the eastem
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tropical Pacific has warmed more that the western fropical Pacific, with a

-comesponding eastward shift in rainfall; many models project that these trends

will continue,

However, the following findings decumented by IPCC (2001) are perhaps of even

greater significance to Palau:

* Many of the recently observed and now well documented changes in aquatic,
terrestrial and marine environments globally (e.g. poleward and altitudingl shifts

of plant and animal ranges, lengthening of mid to high latitude growing

seasons, decline of some plant and animal populations, earlier flowering of

frees, emergence of insecfs, egg-laying in birds, shrinkage of glaciers, thawing of
permafrost, later freezing and earlier breakup of ice on rivers and lakes) are

consisient with recent changes in the global climate system

Similarty, the Pacific slands region is already experiencing disrupiive changes,

again consistent with many of the anticipated consequences of global climate

change, including:

o extensive coastal erosion;
coral bleaching;

o]
o persistent altemation of regional weather patierns;
0

decreased productivity in fisheries ond agriculture - higher sea levels

are moking some soils too saline for culiivation of crops such as farc and

{oastal erosion is rccfucing

yams; beach areas throughout the
. , A islands. As sand is stn’PPcc[
o coastal roads, bridges, foreshores and plantations suffer increased away the strand vegetation

erosion, even on islands fhat have not experienced inappropriate becomes impacted.

coastal development:

o recent devastating droughfs have caused severe crop damage and
serious waier shortages in many Pacific island countries; and

0 more widespread and frequent occurrence of mosquito-borme

diseases.

The combination of current and anticipated impacts of climate variability and change

for Palau are of great and urgent concern, given the extensive and growing evidence of
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Adaptation Team.

by the: Vulnerability and

' Republic of Palau First National Communication to the UNFCCC

the vulhercbili’ry of Palau to climate change and the limitations the Repubiic has for

adapting to climate change.

Palau is already experiencing the adverse effects of the curent, large inter-annual

“variations in oceanic and atmospheric conditions and are also encountering impacts

that are consistent with the anticipated effects of climate change and sea-level fise.

4.2 Vulnerability Assessment

As an island nation, it is essential to understand how climate change and sea level rise

will affect and impact Palau’s coastal ecosystemns, marine resources, subsistence and

commercial agricultural developmenis, domestic and industricl developments, human
healih, water resources, population, and the national economy at

large. In order to develop and implement appropriate response
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Heuliure : Tar Pd Study. strategies, it is essential fo estobliéh o comprehensive basefine of the
FpreSh’Y . Mangroves current sifuation In Paiau and an understanding of the anficipated
Water Resources Ngerikil Catchment . .
Hedlth Hurman Exposed fo Vector effects of climate change, the degree of vulnerability, and the

' bomne Diseases national capacity to adapt,

The initial vulnerability Gssessrﬁen’r detailed four sectors and for specific case studies
within each of those sectors. The case studies involved: | '
Scoping the Assessment
Developing Bcseiinés {environmental and socioeconomic)
Constructing Scenarios (environmental and socioeconomic)
Assessing Impacts and Vulnerabillity - field-based and desk top studies

Preparation and Submission of the National Statement

While this provides a reasonable opportunity fo document fhe vulnerabllity of Palau to
climate changs, it is clear that sectors and exposure units of major significance have not
been considered in this initial and preliminary assessment. These would include fourism, -
living marine resources, biodiversity and coastal systems, and relevant exposure units

within eqch of these sectors.

In a preliminary investigation, based on published maierial and expert judgement, the

vulnerability assessment team identified the following sectors as being particularly




This map ehall not be used for officia! survey purpngas,

boundary interpretations of deteminalions, nor shali the data be
usad for spalia} analysls beyond the Imitations of the data.
Enlargemant af hts product, by any means, destroys tha spatlal
Integrity of the dste, Further Informatikn zanceming the compliation
methods and limitatians of the dafa can be obislred from the
Burezu of Lands and Surveys, Palau Automatad Land and
Resoures Information System.

- THE REPUBLIC OF PALAU

The 2001 International Panel on Climate Change
{IPCC) predicts arise of between 0.2-0.9m in sea’
level by 2100. The Republic of Palau will lose a

significant amount of land if the worst case scenario
develops, Thousands of acres of precious habifat are
threatened, including mangrove forests, beaches,

low-lying agricultural sites, as well as coastal

infrastructure. Recent regional climate changes
have dready affected many
physical and biological systems. b

The sensitivity and vuinerability of LEGEND

many of Palau's natural and Etevation i Meters
human systems to climate change
have been identified, Among the
vulnerabilities, low-lying coastal
areas are identified as parficularly
threatened. Ercsion and inundation
are major risks to Palou but other

fhreats will also become evident

with even slight increasas
in sea levels, such as the
reduction in the volume ecosystems, and saliwater infrusion into
of fresh-water lenses, freshwater sources. Each state in Palau
depends heavily on its’ natural resources

which are currently threatened by the

and further stressing of
fresh-water resources by

reduced rainfall, changing climate. Undoubtedly, there will

be high resource costs to respond to and
Areasinred on the . adapt fo these changes.
foliowing maps indicate land with an elevation of less than

ane meter. These areas are not only atrisk from sea level More in depth studies of sea level need fo be caried out in
se but also the possibilifies of increased tropical cyclone the Pacific region in order to more accurately model sea
Tequencies and intensities, and storm surges. There will be level rise exirernes. More accurate data would allow for
snhanced coastal erosion, loss of land and property, better adaptaticn plans for aif of the Pacific Islands.

dislocation of people, reduced resiience of coastal
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BEER one Metar Elevation
Elevation in Meters

While a rise in sea level will disrupt coastal areas around much-of Palay, atolls are particularly vulnerable to the
phenomenon. Kayangel State is af severe risk to even a relatively small rise in sea levels as the Earth's climate proceeds

to change. The entire land area of Kayangel State is comprised of four low-lying limestone islands located on the winward
side of a small aioll. The State will be inundated by sea water and cease to exist by 2100 if sea levels rise close to one mefer

fromits current level. Hundreds of people will be displaced as their homes, land, and farms are swept away.
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Koror is the most populated State in the Republic. Two-thirds of Palau's fesidem‘s live and/or work in the State. Palau’s most

lucrative industry, tourism, is primarily based in Koror. Tourism, by far, is the largest contributor to Palau's GDP and will face

severe disruption from climaie change and sea level iise. The 1997/98 El Nino caused a significant decline in fourism due o
damages to natural ecosystems throughout the islands. Much of the State's infrastructure is built arcund the coastal areas

and is therefore in jeopardy. : . :
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Peleliv State is anéfher example of an island that has much at stake s the climate changes. Peleliv will lose a significant

amount of resources as sed levels rise, including large expanses of mangraves, which not only act as a nursery for a large
variety of reef fishes and marine invertebrates, Indo-Pacific crocodile habitat, and a scurce of valuable wood, but also
profect the island from storm surges and erosion. World War Il historical sites, such as Orange Beach and White Beach,
which are large tourist atfractions will also be lost. Peleliv has a limited amount of arable land and all farms are located at

low elevations where the soil is most fertile. Soil salinization will make agriculiure difficult te sustain into the next century.
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Adc:p’rcmon Options:

1. Uh!uze open Ic:ndareas by plcm‘lng hedgerows cnd ground cover

2. RennsﬂfuTe ’rrodlhoncl methods of ditch and dake construchon

3. Cons’rruc’r or upgrcde dikes and flood gates fo prevent scitwater intrusion.
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sensitive o climate change and of special importance to the socioeconomic

development, and environmental conditions of Palau:

* coastalmargins, including lagoons, reefs, marine ecosystems and fisheries;
+ freshwater and temestrial ecosystems;

+ waferresources;

- agriculture and forestry;

* toursm;

* communities and human health: and

*  infrastructure.

Due to the short duration and limited resources of the initial assessment, the team

identified the following high exposure areas for further study:

* Agriculture - Taro;
* Foresiry — Mangroves;
+ Water Resources - Ngerikill Catchment; and

+ Human Health - humans exposed to vector borne diseases.

50




vulnerabiiity to Climate Change

Ngerikiil Watershed, Airai State
(highlighted in circle}

unsus’rcinoble resource prcc’nces on Ngenkul wc:’rershed
Generol Iock of pubhc cwareness on weter conservaﬂon proc:hces
5. Proper sewerc:ge monogemen’r systemns not in existence in the area.
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4.3 Methodology
Thé methodology used in this assessment is based 6n the IPCC techriical guidelines for
assessing climate change impacts and adaptation (Carter et al, 1994).  Firstly, the

present conditions were exarnined and key sectors identified. Future

climatic ond non-climatiic scenarios were then used to examine the

possible iImpacts of climate and sea-level changes on the various

sectors identified, in addition to those anticipated to.occur as a result of

continued economic development.

The total absence, or incomplete nature, of relevant.data was a severe

impediment to completing the vulnerability assessment. Baseline

conditions were thus poorly defined, even in the best of situations. This
Graph 4.1: Glakal mean concentrafion of CO,, based on the IPCC

S e oo o 926, omanded for PCC 1995 ard meyiess it exceedingly difficult fo determine the incremental effects of
Y \

! climate change. Because of the present gaps in data, and the fact that

-7, this study focused on only four sectors and expesure units, the findings

should be seen as a starting point for an on-going process of vulnerabitity

assessment in Palau,

Both the development of scenarios and assessment of impacts wers

cided by the use of the PACCLIM Regional Scenario Generator {Kenny

et ol,, 1999a) and by a generic integrated ossessment model known as

YANDACLUM (Kenny et al., 1999b).

Graph 4.2: Carespanding scenario of glohal mean oir temparature for
hih, best guess and tow sensitvity of the eorth-otmasphere system to
! ;nes in GHG conceantrations,

S

This chapter will identify both the current resilience and vulnerability of

natural and human systems in Palau, while also demonstrating the linkages between

climate, other environmental conditions and the prevadiling sociceconomic conditions.

4.4 Climate Change and Sea Level Scenarios

Scenarios are used as a basis for asking *"What If2" questions about the effects of climate
and sec-level change. Scencrios are not predictions. Global and regional climate
change scenarios were prepared using the PACCLM Scenario Generator, as described

above.

92




vulnerability to Climate Change

Based on the emission scendrio and pattems generated by the CSIRO Regional GCM for
the area surrounding Palau indicates that the mean annual temperature may increase:

by about 0.5¢ in 50 years and by around 1.0° by the end of the Century.

The projected increase, from 1990 fo 2050 and to 2100, in mean annual precipitation for
the grea surrounding Palau is Regional GCM. it indicates that the mean annual

precipitation may increase by about 20 millimeters per year by 2050 and by about 30

milimeters per year by Z2100.

Evidence-bdse.d on the emissions Figure 4.2: Prejected incremental change, from 1990 to 2080 {leff) and 1o 2100 {right). in mean annual temperaiure for

scenario and patterns generated by the
CSIRO suggje_s'r that global warming may
lead o an increased frequency of
extreme eventssuch as storms, flocds,
and droughts (IPCC, 2001). Based on the
evidence indicating the seriousness of
such events on Palav inrecent years,
these changes may well prove to be the
maost difficult o accommodate and most
damaging fo Palau's social, economic,

and environmenial healih.

Sea level rise or fall is difficult to measure. Some regions may
experience rise while others may experience lower sea level over
cerfain fime spans. The'IPCC TAR has projected an overall sea
level rise of Smm peryear for the next 100 years which would
cause enhanced coas-’rqll erosion, loss of land cnd property,
dislocation of pecple. increased risk from storm surges, reduced
resilience of coastal ecosysiems, saliwater infrusion, and high
resource cosis fo respond to and _gdopf to these changes
{Salinger et al., 2001}, The mean sea leveal frends at Malakal in
Palau since 1949 has been about 0.2 + 1.8cm/decade, or a tofal
change of 0.6 £ 5.8¢cm (Shea, 2001).

NIRRT
Jigeedn E
e

sar

Graph 4.3: Scenario of global sec ievel for high, buest guess and low sensitivity
of the ecrh-atmasphere system to chonges in greenhouse gas concenirations.
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pecific’cimate relaisd Impactson
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Figure 4.3: Seasonal Ralnfall Varlations in Palau During El Nino. ‘
Sl Rei

Republic of Palay First National Communication 1o the UNFCCC

4.4.1 Increased Drought and Storm Activity

Patau is @ fropical counfry and the climate chcngés little seasonally. The annuat
average femperature is approximately 83° F. Heavy rainfall occurs from May fo Jdnuory.
Short periods of torrential rain produée 150 inches (3,800mm) of water per year on
average. Infer-annual varakility in rainfall amounts, as well as other environmental

parameters, is influenced by the El Ning-Southern Oscillation (ENSO}. An indicator of

ENSQ is the Southern Qscillation Index (SCI}.

A maijor issue is the impact of global

Yoar (+1)

Year (0)
EINino  [winter Spring Surmmer  {Fall winter $pring Summer  |Fall warming on the El Nino Southem
™ 85% 100%! 102% 79% 88% 82% 187%, 103% Oscillati . Th " $ill
K Yeor (0] Year (+1] SCliQ Fon regime. ere Is sTill No
laNina |winter Spring Summer Fall Winter Spring Summer Fall clorﬁy on this matier, so @
80% 95% 92%, 129%] F28% 111% B1%: 5% .

Source: NOAA, Palay Nafional Weather Service

. Graph 4.4: Rainfall Patterns far 1983 and 1998,

precautionary approach is

advocated. A similar sifuation exists for tropic cyclones (typhoons).

Howeaver, rainfall during twe significant drought vears (1983 and 1998] is shown in Graph
4.4. The data demonsirate one significant effect of El Nino

events for Palau. Droughts and floods are among the

zg‘g | e climate extremes of most concem as they affect the quality
16.0 +———— K X -\\‘ ' /p\kx,, | 1983 of the water supplies in the communities, often with
100 b f N el | e 00
50 s R o Average}  significant human health consequences. For example,
0.0 F TR — S during the 1997/98 ENSO event Palau experienced a nine-
S S S -
L& & & & month drought. In March 1998, Palau had the lowest
AR
" monthly total rainfall recorded during the past 100 years.
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Severe tropical storms also have the potential to substantially impact both the marine
and terrestricl e;:osys’rems, and communities in Palau. For example, Tropical $torm Utor
brought haavy rains and strong winds ta Palau between July 1 and 2, 20G1. Bamage

assessmenis for Ngardmavu State revealed:

85 percém‘ damage to both young and mature cassava piants, including broken ‘
stems, stipped leaves and uprooted plants; young plants were especiclly badly

damaged by strong winds and miner fleoding:




vulnerability to Climate Change

85 percent damage fo banana plkants, with most mature fruit bearing plants
dormaged by uprooting; young plants were alse affected;

85 percent of farg patches were flooded, including some being affected by salt
water infrusion;

50-60 pAercen’r damage to betel nut - most old bearing plants and some young
bearing plants were damaged; young plants were offen damaged by faling frees;
25 percent damage to papaya, with both mature and young pf}:nis affected; and
10 percent'damoge to pineapple and sugar cane - most plants on upper hill areas

were damaged, and some in lower areas, including valleys, were dlso damaged.
Three recent events highlight this vulnerability to extreme evenis:

Tropical Storm Utor 2001 — $torm surges caused severe coastal and terrestrial erasion
conditions, landslides, and damage fo essential infrasfructure (water, sewer, and

communications).

The 1998 El Nino - The population suffered serve drought conditions, crop losses, lack of
water resources for human and animal consumption, temperature increases, efc. The
coral reefs of Palau were impacted due fo the increased water temperatures causing

losses of many coral species.

Typhoon Opal in 1967 - One of the most destructive typhoons ever experienced in Palau
struck the islands of Palau in March of 1947, The storm caused loss of crops, trees,

housing units, and infrastructure.

4.4.2 Extreme High Tides

Another condition associated with ENSO events of concern fo Palau is extrerne high
tides. Two recent periods _of abnermally high fides occurred in 1989 and in 1998, with
serious economic and social implications. In 1998 saltwater intrusion associated wifh
abnormally high tides caused extensive damage to taro patches (fraditional feod

supply} throughout Palcu,

L

Largc-sca'c infrastructure damagc
was caused |::_LJ Tropica| Storm
{Jeor. T he intesity and Frcqu-:nc_g of
storms is Prc.u:ll'ctc to increase c?u:'lng
this century, putting a hcav_:.j financial
l:urclcn an a{ﬂl).
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Highiightad Areg: \ Hightighted Araa:
4-1 Meters Above Seadgy jall 0:3 Maters Abave Secrteyel.
. ST Li e S
RN

2. lented resources for Iong-’rerm 'monﬁonng ond enforcemenf
"3 Lcrck of c:wcnreness regcrdlng the dwerse cffec’;s of chmofe change
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vulnerability to Climaie Change

Highest fides in Paiau normally occur from September through October, and every few

years some low-lying taro patches will experience some damage due

Figura 4.4: Taro Loss During the 1998 High Tide Event.
{o saltwaterinfrusion. But as early as August 1998 large areas of low- - - Calculation of Taro Crop Loss in-1998 3
. . . . . : 35 tare patches £7.800 square feet
lying and inacdequately maintained taro patches were inundated with  [oeesmamr s 7.3 pounds
salt water. Sali waier acts llke a poison fo taro, with crop losses as high  [$2-9010ss per plotx 4 piots $116.00
. ) $116.00 loss per famer x 35 farms . $4,040.00;
as 75 to 100 percent. Other problems related to high fides are the {54.080.60 x 3 crop eycles T 31235000
) . . . $12,180,00/35 farms $3,194.10 per family]
elevation of the fresh water lens, causing flooding and poor drainage 19,000 (Palcu populatian averoge) ‘ $737.200.00
- (i.e. stagnant waier condiﬁcljs). Both may dlso have adverse effects 1578 AgTeuiiars produ<ton Tom pr
on taro and ofher crops. 1396 GOP Iows e
Preliminary domage assessments conducted between September and December 1998
indicated that taro losses approached 100 percent on the isiands of Peleleiu, Angaur
and Kayangel, with less impact on Koror and Babeldaob. A total of 1407 taro patches
were aoffected by adverse water conditions, with 2927 people {arcund one-third of
Palau’s population) affected adversely as a consequence (Bishop, 2001 ).
4.4.3 Sea Level Rise
Related to perods of abnormaily high tides are periods of above average sea levels.
Approximately 25 percent of Palau’s landmass is below 10 meters above seg level,
while 7 percent of Koror is less than 1 mefer above sea level. Such low-lying areas are
where most infrastructure (including residential homes) are located. The situation s
complicated by the fact thaf northern Palau's seabed is sinking while southern Palau's
seabed is rising. ' _

4.4.4 Seda Surface Temperature and Coral Bleaching

Palou has experienced a vardation of 3°C in sea surface temperature over the past five

years (MoA, 2001). The 1998 El Nino eventf increased seawater temperatures in Palau

1.0-1.25°C higher than average for several weeks (August-September 1998) and was the
most probable cause of a massive coral bleaching event (Bruno et al., 2001; Golbuu,
2000). High water temperatures capable of inducing coral bleaching occumred fo
Jepths of G m in Palau during September 1998.  Almost 70 percent of scleractinian

sorals were bleached at a 10-12 m depih throughout Palau (Bruno et ci., 2001.).
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A\ significant amount of land
area will be lost over the next
100 years as sea level rise and

(/\% storms continue 1o effect
the: 'é%a nds.

Beaches and other low—lﬂin

.areas are cx’cre.mc!g vunerable to
climate changc. Fa|au'5 beaches
have been used ]33 seaturtles as
nesting areas for thousands of
years.
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vulnerability to Climate Change

When sea surface tcmpcraturcs

(55_]_) elevate, corals lose their

sgmbfotic algae, zooxanthellae,
and Ecgin to starve for nutrients.
T he future health of Falau's
coral reefsisin qucstfon as [
Nino-like conditions are
Prcclictcc:l to become mare
comman.

B!caching has reducad coral
diversity over vast areas of the
arc]-ripc?ago. Cora] colanies
grow at aF-eroxim:atc[y 1-1Qcm
per year, dcrcnding upon the
species. Falauis just eginning
to recover from the massive coral
mortality that was the result of

the 1997798 T | Nino.
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N N . — O I~ ROTTE g
The above pictures show Helen Reef (Part of the Southwest |sland g,roup).
The top Picturc was taken in 1991 and the bottom Picturc in2001. T he island
has lost more than 50% of its beaches to sea Yevel rise and associated coastal

erosion over the Past decade.
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While no species became locally extinct, some populations fell as much as 99 percent

" below pre-bleaching levels (Golbuu, 2000). The associated economic loss was

estimated at approximately US$?1 million, based ona
value of US$6,000/na/yr (Costanza et al., 1997]. As
climate change proceeds, corai reefs throughout the
Pacific are expected to be further degraded (Sheaq,
2001). Even a slight increase in seawater temperature
over long periods will cause coral bleaching, leading to

a high percentage of moriality {Bruno et al., 2001)}.

As fropical sea temperctures slevate, Palau's reefs may
not be able to maintain their current rofe as habitat
providers to the many reef-dependent founa (Bruno et
al., 2001). Reef building corals will have g more difficult
time femoving Ca* and CQ, ions from seawater thereby
reducing calcification rates. Therefore. reef structures
will grow more slowly, if at all.  Ocean circulation.
patterns may also be 0I+ered by climatic changes,
causing the loss of transport and recruiiment of coral

iarvae to Palau {Westmacoit ef al.,, 2000).

Finally, severe weather events may increase in
frequency, which would put additional stress on Palou's
biodiversity (Westmacott et al., 2000}, Development
along Palau’s coastline and unsustainable watershed
management are also relevant to the health of local
recfs. A total of 544,919 m? of exposed area is the result
of the Compact Road being built on Babeldaob
(USACOQE, unpublished}. As of December 2001, over
310,000 m? of corat has been dredged for road base

from several sites along the coast {USACOE,

unpublished). Poor land use and deforestation can cause elevated sedimentation that

can suffocate corals. Terrestial runoff has.also been linked to COTS outbreaks around




vulnerability to Climate Change

the Pacific (Birkelcmd, 1782]. The use of particular pesticides, waste disposal, and

overexploitation are also serious threats fo Palau’s coral reefs.

Arakebesang Island, o>ﬁ
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Adaptation to Climate Change

5.1 Introduction

The previous section highlighted Palau's high sensitivity fo climate change. Based onthe
evidence indicating the serious impacts climate change has had on Palau in the recent

past, it may well be these changes that prove o the most difficult to accommodate 'cmd

most damaging fo Palau’s social, economic, and natural envircnments,

Many climate change response strategies are the same as those that would apply to
sustainabile development, sound environmental monageme‘m‘, and wise resource use
practices. Therefore, “noregrets” strategies are beneficial even inthe absence of
climate change. Given thaf the UNFCCC also calls for Palau to promote sustainable
management, there is a strang overlap and synérgy between initiatives taken under the

Convention and those that represent best practice in sustainable development.

5.2 Agriculture

The uses, potential uses, and the preferred growing environment of tree and plant species
should be identified and documented. An effective adaptaiion strategy would be to
deveiop a formal planrelated to the use of planis and trees, and fo selectivaly plant
specieé that are best suited to o particular physical environmeni, and which have o

particular use.

Where cgriculfure is practiced in vulnerable, low-lying areqs, the breeding cnd
infroduction of salt-tolerant root crops is seen as an effective measure. Alternatively,
different cultivation practices might have to be considered, such as the use of irigated,

raised-bed sysfems.

5.2.1 Susceptible Areas

For drought prone upland areas, the breeding of more drought resistant cultivars and
cropsis advocated. Improved soil and water conservation prccﬁées inboth drought and
flood prone areas are important means of maintaining productivity, and hence food
security. Intercropping and increased diversity of crops is also a good strategy for
increasing the resifience of the agriculiure sector in both coastal and upland areas. Thus,
diversification to a wider range of plantation crops would spread the risk of loss from

climate change, including increased incidence of extreme events. Likewise, it would be
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M “Tymia 'pcffafa - this native
viné..£ks as an invasive species,
out—-camPc‘cing surr'ounciing
vegetation, reducing diversitb-.
Ovc_r 400 alien species of Plant
have been ic‘cntﬂfccl in the -

RcF-uHic.
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prudent to extend the planting of plantation crops to other land areas, orislands. This

would again spread the risk of production losses due to extreme events such as typhoons,

The resifience of traditional agricultural systerns could be enhanced by
undertaking projects to preserve and disseminagte traditional knowledge,
diversifying subsistence crops, promoting agro-forestry, encouraging
sustainaicle practices and developing economic opportunities.
Reevaluation of the fraditional value system of the products c_::nd uses of

trees and other planis is advecated for appropriate areas.

5.2.2 Invasive Species

Quarantine surveilance shouid be increased against infroduced and invasive species
that may become adapted to environments dt higher elevations. Although we cannot
predict which species will become invasive, the unceriainty that global warming poses
exacerbates the potential for far more rapid changes in the ndfurql environment and

how species will adapt fo those changes.

‘Strengthen Uriderstanding of the factors fhat make communities vulnérablé ta

- climate events.

5
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523 incentive Measures

" Infroduction 6f appropriate disincentive policies related to.the éonsumption of imported
staple foods {such as pﬁce controls on rice and flour) should be reconsidered, and
incentive poﬁcies forthe production and consﬁ:mp’rion of local foods should be given
priority. Additionally, emphasis should be given to acfively maintaining existing

agricultural specie variety. This will enhance the security of food ;upplies.

Economic dgr]culfurc:i policies, such as subsidies on cash crops, should be evaluated
and monitored to ensure they do not undermine the culturl and social systems and the
fradiitional values underlying subsistence agricultural systems.’ Such considerations will

enhance the resifience of these systems to climate change and other stresses.

5.3 Coastal Systems

Enhanced protection and reducing anthropogenic stresses on mangrove arecas and
sensitive coral reef systems is an effective means to ensure these systems can befter
cope with impacts arising frorh climate change and sea level rise. Such progress would
help maintain the natural storm and erosion protection these systems o-ffer and also heip

sustain their productivity.

Integrated catchment and coastal management planning would produce a variety of

outcomes that collectively increase the resitience of coastal systems.

5.3.1 Foreshore Protection

n heavily populated areas, or those associated with high value infrastructure or
sconomic activity, foreshore protection measures including revegetation and
astablishment of setback zones, are considered fo be cost effective adaptation
measures to protect against flooding and erosion. Measures fo protect existing
‘oreshore vegetation-and encourage revegetation would help reduce the vulnerability
 coasial areas. Moreover, the replanting of littoral forests would heib protect sensitive
>oastal environments. On the other hand, sea walls are seen as a high cost adaptation
>ption that would only be of value for very specific areas, and Impraciical on o large
iCdle,

Mangrovc forests Protect 'b,oi:l'r
the rccmc, from sediment c.ver[oacf,
znd the coast, from wave and
wind action. T his ecosystem is
hig]-ll_g Productivc, housing a wide
variety of flora and Fauna,
inciuc‘?ng the cconomfca”g

valuable Ma ngrove {rab.
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Zanc."us comuta - many reef
fishas ag%rcdatc to spawnona
cle.

Iunar CH
known that_ management of
spawning aggregation sites is

£ yl'ta protect local fish stocks
et the Futurc.
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5.4 Living Marine Resources

Palauans have long

" also advocated as a no-regrets response opfion. To facilitate agreement to alfernative

: _me’rhods, commUn_ﬁy participation in the development, implementation, compliance,

Republic of Palau First National Communication to the UNFCCC

5.3.2 Pollution Confrol-
Preventing the dischc:rée of pollutants in coastal and marine areds is identified by the
Yulnerability and Adaptation Team as a priority measure to enhance the resilience of

coastal and marine ecosystems.

In some carecs an appropriate response may be fo reestablish traditional systems of

ownership and specific rights on coastal areas such as reef patches and shoals.

Measures to control the removal of materials for construction and other uses would also

help reduce the risk of erosion and other undesirable impdcfs of climate change and

seq level rise. Similarly, reclamation should be actively discouraged.

5.3.3 Resettlement
Resettiément options may become necessary for some areas, but the high social,
economic, and environmental costs associated with resettlement make it an option of

"last resort”.

The development and extension of marine breeding and restocking programs, for both
fish and corals, are an effeciive means of increasing the resiience and sustainability of
inshore marine resources. Similarly, further expansion of marine reserves and other
conservation instruments would help protect subsistence fish stocks and coasfal maring
resources. .Cr.eq‘ring new cﬁd expanding currently existing reserves would enhance the
ability of marine resources to withstand the added stresses arising from climate change.
such measures will increase the resifience of the marine ecosystern and can reduce

overdll anthropogenic impacts on marine resources.

5.4.1 Monitoring and Enforcement

Enhanced enforcement of legislation to prevent the use of destructive fishing methodsis

and enforcement programs is a priofity.
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A

Maonitoring and quota management systems for migratory fish stocks ml:%s’r be enhanced

and strengthened. Not only would these measures prevent over-exploitation of these
resources, but they are also considered to be effective ways of ensuring there is a buffer

against climate related stresses.

o

5.5 Biodiversity

Conservation of biodiversity is considered to be a viable, no-regrets adaptation

measure. It should be associated with a sharpened recognition of the values of both Rhipidura lepida - the alau

Fantaif is’a comman forest
resident with an e.stl'rn_atcc!

marine and terresfrial flora ¢nd fauna. Emphasis should be given to further the

development of the Marine Protected Areas Network as well as the National Protected population of over 25,000. This
_ endemic species has an unusual
Areas. ' call with m‘a'ﬁy notes and can
’ often be scen guarc{ing its
territory.

In light of the uncertainties associated with climate change,

community based forest conservation projects can improve the
resilience of managed and natural forest systems. Forest

management should place a high priority on land and soil

conservation, water conservation, nature conservation, wood
production, and the qudlity of the human living experience. |n

this way there will be added resilience fo the effects of globat

warming. The infroduction and enforcement of apprapricte

legislation and policies for the conservation and sustainable use

of living resources will also entiance the ability to adapt to

climate change.
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5.6 Water Resources
improved ménagement and maintenance of existing water supply systems is a high
priority response measure, due to the relatively low costs associated with reducing

system losses and improving water quality.

Centralized water freafment to improve water clquc:i‘i‘ry is considered viable for most

urban centers, but at the village level it is argued that more cost effective measures

need to be developed. User pay systems may have to be

more widespread.

Catchment protection and conservation are relatively low
cost measures fhat would help ensure that supplies are

maintained during adverse condlifions. Such measures

would also have wider environmental benefits, such as
reduced erosion and soil loss and maintenance of

biodiversity and land productivity. Drought and flood

preparedness strategies should be developed and

sfrehg’rhened, as appropriate, including identfification of

responsibilities for predefined actions.

Watcrs’-ncc‘ management is
anather l'ugl"l Pnontg of the
National Grovernment. T he While increasing water storage capacity through the increased use of water tanks and/or
development of a comprchenswc : o

watcrsEecl management Plan is

P "rentf_g unc[cm'aﬂ

-—,\_ =

- the construction of smail-scale dams s expensive. Further study would betier defeimine i

the added security in the supply of water might well justify such expenditure.

L Qdap’rahon mecsures |n reducmg vulnerc:b:hfy and

Cia lden’nfy mechcnlsms fho’r qllow development. pollcnes clnd p[ClnS to mcorporclte

; cl:mc’re chclnge conSJderahons so that risks are mlmmlzed
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Development of runways and other impermeable surfaces as water catchments is seen -

as possible, but an extreme measure in most instances. Priority should be given fo

collecting water from the roofs of buildings.

57 Human Health

Public awareness programs related to malaria, dengue fever, and cother diseases are an

essentici, low-cost method for reduci'ng the pub‘lic health risk. Such programs have
already been initiated and are considered to be relatively effective, as is the use of bed

nets and masquito screens.

C

Failed programs in the region suggest thaof mosquito eradication is not pra;‘riccible

option, due to the high financial and environmental costs, and no guarantee of success.

However, biological conirol mdy become a viable oplion some fime in the future.

. condi‘hons, qnd
- Deve%opmen’r of op’nons for enhoncmg chpfcbmfy und !’ESl[lence of Mcmne
 Protected Areas. = ‘ :
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The Nat'l'onal Environmcntal
Frotection Counc'il was created
in 2002 to address the Nation's
environmental c.}'xa"cngcs,
inc]uc’ing climate changc,

bicdivcrsitg, ozone, and land
ciegradaf:fon, among, others.
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Moreover, reduction of mosquitc breeding sites within towns and villages {e.g. informal
waste dumps, open water tanks, discarded containers such as cans, fires) is alrecdy
considered to be an effective method for reducing local mq[c:rid fisk. Thers are also
other benefits from such actions. Enhanced qudrcmﬁne measures are diso suggested as

a priority response.

5.8 Housing

Meqsures' to “typhoon-proof" houses and other buildings have been identified as

desirable. This would inciude consideration being given to both structural design and

the materials used in consiruction.

Reductions in heat stress and discomfort may be achieved through the planting of shade

fress and by building houses with improved insulation and ventilation. Air-conditioning is

not considered to be a viable, cost-effectiva response, in general.

59 Policies and Planning

it s important for Palau to develop an overall vulnerability and adaptation strategy that
gées beyond specific sectoral measures and addresses wider
development, social, and environmental issues at a policy and
planning level. Effective implementation of no-regrets adaptation
options wil require a coordinated nafional initiative and significant
resaurces. The four most important components of such a national
inifiative are: 1) development of a national policy framework for
adaptaiion; 2} capacity building and institutional sfreng’rhening:_

3} public awareness and education; and 4) community-pased

management.

5.9.1 National Policy Framework
The national policy framework should place a high prdority on moniforing and managing
the effects of environmental and social change within development planning.  This wil

allow the future development frajectory of Palau to be one that increases resilience to
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climate change and decreases the vulnerability of communities and natfural

ecosystems.

such a frarmewark should be explicitly designed to ensure that implementation of no-
regrets adaptation measures are incorperated in deveiopmem‘ planning. Some of the
key priorities for inclusion in a national policy framework and as mechanisms through

which adaptation options could be implemented wouid be:

—

An integrated watershed management plan.
An integrated coastal zone management {ICZM) plan.

A complementary land use plan to support both of the above. ¢

E

A Disaster Management and Preparedness program which includes

climate change adaptation.

5. Effective environmental and secial impact assessments for ail
development policies, projects and plans.

6. Es’rdblisﬁing a National Climate Change Vulnerabifity and Assessment
group with cledrly defined roies.

7. Establishing an effective monitoring mechanism to coordinate national

resource surveys, develop indicators and monitoring programs, and

consolidate the involvement of stakeholders in

terms of data collection and information

dissemination.

5.9.2 Capacity Building

Institutions important for effeciive implementation of
adaptation options should be strengthened through on-
going capacity building. This will ensure continued

development of expertise and skills necessary to further

understanding of vulnerability and adaptation o climate

z

and sea-level change as well as fczéilh‘c:ﬁng implementation of T o 'i o
Capamtg bun]clmg training

Qdaptaiion options. In addition, there is a need to improve management and access programs are a major component
: . . . e e to many sustainable resource use
of information by mandating and resourcing existing institutions to enhance initiatives within the Re o ublic.
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Several agencies conduct on-
going Pul::]ic awareness programs
dcaling with sustainable encrgy
and water cansumption.
However, to create greater
awareness and reduce casts, the
dcvcchmcnt a w}zolistfc_ancl
continuing pu blic awamess and
education program ingorporating
climate change issues is currcntlﬂ
undcr wa_(_.;.
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monitoring, collation and anatysis of daia, and to coordinate information dissemination

o stakeholders and inferested parties. .

'59.3 Public Awareness and Education

A national policy framework and strengthened insfifutions will only be effective if they
have support fromrthe public. For the public to provide such support. it is important that
' they actively participate in the decision-making process at the
community level to ensure that their social cmd cultural well-being is

taken into account. A national policy framework should be as much

% e -’i‘” z ” driven by the needs of local communities as it is by the needs of the
ng C/faﬂg y i

(LI
oD COMMUHITY covLeel cArETER ~ country at large.

The fraditional knowledge and wisdom of local communities should be
made use of as much as possible. Conﬁmunify awareness and education
programs need o be developed and implemented, to facliitate an
understanding of climate and sea-level change and how if refates to
sustainable management of community resources, in the present as well

as in the future,
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R'esponsé to Climate Change

6.1 Infroduction

Developed countries are responsible for two thirds of historical 'greenhéuse gas emissions
and approximately 75 perceni of curent annual emissions. Due to pasf.ctnd present
greenhause gas emissions, whether or not action is faken now to stem the fide of global
warming, the simple fact is that we are aready committed fo some level of clirha're
change, The_debo’re is now only a matter of how much damage will the earth incur
before the developing countries fake action io reduce climate change frends. The

bottomline is that climate change will have economic consequences for all of us.

" Although immediate action may sometimes seem more expensive than waiting, delays

could lead to greater risks and therefore greater long-term costs. The cost of climate
change policies can be minimized through "no regrefs” strategies. No regrets strategies
make economic and environmental sense whether or not the world is moving fowards
rapid climate change. For example, raising energy efficiency not only reduces green-
house gas emissions, but can alse reduce government and private sector energy costs by
30 to 50 percent, While no regrets policies are certainly jusiified, the precouﬂoncfy
principle and the level of net domage expected from climate change jusﬁfy. adopting

policies that go beyond no regreis.




Response jo Climate Change

6.2 National implementation Strategy

Ensuﬁ:e continued active Greater Intemational awareness
clp.oﬂ onn regional dnd Anance MeS - BoFA [Immediate |jregarding the impacts of climate
intemational cimate change OERC chanae on Palau
activities and meetings
Disseminafion of climate change gre:rg:]dgei;?‘zlu uv:tgeness
meeling oufcomes to ofl decision  [MNone MoS - BoFA immediore 1™ .g o A N
international decisions and their
makers and stakeholders QERC .
potenticd impacts on Palau
ﬁi‘f‘%ﬁﬁm&%ﬁ? ::?1 pf::\d 2::;:?01 MRD - BLS Immediate  {CoTPrehensive Land Use
e g M chang N Legislation and guidelines enacted
seq level rise projections assistonce
Establish National Building Codes
incorparating incentive measures Fnanee
for energy efficiency, altemaiive National Planring National Building Code adopted
N Technical - [immediaie .
energy cptions, and energy L Commission and implemsenied
; R assistonce
efficiency criteria within the
govemment procurement process
Incorporation of climate change .
}‘rends into the environmantal Tec.hnlcql EQFR immediate 'Comprehenslve environmentol
impact assessmert process for assistance . impact assessment process
proposed development
. Updated EQPE Act ratified by the
Strengthen BEQPE Act None EGIPB limmediate OFK [Senc[’é]
strengthen enforcement of GHG MRD- 8PW -
armissions conkrols and standerds None O short-term Reduced GHG emissions
st th - tandards f Finar Effective wastewater treatment
re:'g e,r" mmlc:nurl'%s ary far s far Tmchr;?: ; EQPE short-term and dumpsite management, and
dipbicesioa gl ol o™ ot acyeing g
10 " g ! established
. . Technical . National watershed legislafion
Establish Watershed Protection Law assisrance EQPB Immecimfe‘ adopted and enforced
finance .
Updoie, adopt, ond implement Technical National Forest Management Plan
.- fForest Management Plan and assisfance  |MRD-BoA Immediate jand Mangrove Management Plan
" IMangreve Management Plan Human adepted and implemented
resources
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gﬁ;ﬁgfm@'ﬁg&*ﬁﬁgg' VoS . Stakeholders aware of regional and
related initiofives and disserinate Nore OERC immediats ', |ntemguﬂrc:'r111cl climate change
[ information to dlf stakeholders cpportunities
A Annual agency budgets
t cgencies incorporate climate change
Nene oIl EraKetetou ™89 firisgqtion and adeptation

Technic;::! Enhanced awarensss regarding
practices into nafional educ atien {assistance MoE Medium climate change and :t:,;tqmab*l:
cumiculum resource use armongst the you

|Enhance national capacity for  trechnleal || Lo rmediate | Greater preparedness fo respond
Z{emergency disaster managementigssistance mm and manage natural disasters
and relief
Entianced fraining for the annuai  [Finance Annudl reporting of National
collection and analysls of GHG  {Technical  -[MoA-BPS immediale GHG Inventory and Yulnerability
data and Y&.A process asgisiance Inclex
. ) , To ensure on-gofg information
g:':::g; :tggsrléli?wronment Finance g:'s?;e‘:;me tong-term  |dissemnination and activities
relating to climate change
| - . Multi-sectoral approach to
2 il;r;};reor:r;:::rdmchun amaong None igg?;ﬁsﬁﬁmmg Immediate jcliimate change and sustainable
g ) resource use inffiatives
- . Decision makers and
Faclitats effective information National Planning _ |stokeholders knowledgeable of
and resource sharing among |None . Immedicie
Commission ‘ climate change causes and
stakeholders
effects
Establlsh standaord procedures for |Finance .
data collection, management,  [Human MoA-BPS " [tmmediate Annual Nai'orf?i GHG Inventary
: . ! : : cnd Vulnerability index
analysis, and reporfing Tesources
Integration of climate change Finance Increased capacity to monitor
vulnerabilify assessments ln Human MoA-BPS Relevant Medium climate change vulnerability in-
. agencies
agency work programs resources couniry
Upgrode refevant agency MOA-BPS increased technicot capacity for
squipment for dcxta collecfion Finance Relevant Short-term  |data collection, monitoring, and
and moniioring agencies assessments
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ﬂ;- Establish or enhance firkages with fTechnical | o~ pioes Mo Incresed research and monitoring
Hother research and monitoring cssistonce ! . Medium of climate change impacts on

Instifutions beth locally and obread [Human DFWP, PCC, EQPB . Pdiau's ecosysterns
resources
| Develop and impliment resecrch  [FRinonce . .
ondd menitoring of theimpocts of  Technical §clenﬂﬁc dcrf.a aveilabls on e
: ! PICRC, irnpacts of climate change on
S climate change on fisheries, assistance Immediate ) .

terrestrict ecosysterns, and human  JHumen Mo, Palau's ﬁshengs. femestricl

; ’ MRD-BoF ecosystems, and human health

FesQUrCes

Develop and implement an on-

Fjqoing public awareness program : Increased national awareness on
els focusing on the benefits of Fnance MRD-CASO Medium the benefifs of managed areas and
wmanoged areas and sustainable sustiinable rescurce use

Develop and implerment strategy to ;T;‘:S al )
prarmote afemative modes of cssistance MRO-CIP immediate Strategic plan adopted and
transperfation and associated |PPUC {implemented
Human
infrasfructure
resouTces
Coordnate a wholistic opproach fo MRE-BPW _ |Anationd and on-going energy
5 &xisting energy conservafion public [Finonces MRD-Energy Office [Immediate |conservation program developed
2 aweareness programs PPUC and implemented

pmenf-Planning

Provide incenfive measures to .

. daing f
reduce coral dredging in Finances MRD-CIP Shori-term zzﬁ:iﬂ:f?oﬁf coral dredging for
construction activities
Develop and implement on-- ?::r::?s;l Data on the fish and inshore food
going fish/other inshore marine assistance MRD—BOF Short-term sources avallable, on-gaing
food sources Inventories and Human monltoring of in-share maring
manitoring habitats

resources
Ratfification of the Protected Tec‘hnicc:l MRD Short-term Protected Areas Network ratified
Arens Network legislation assistance by the OEK
ften ite I ation
Development of critera for Fnance S:;Z:?;::f:;:f:ﬁfﬁem
potential sites under the Technicat MRD, NEPC Short-term Netwaork established and
Protected Areas Network assistance implemented
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Expand Marine Protected Areas  |Finance
management foinclude data [Technical PICRC MPAs incorporating moniforing
collection, monitoring, and assistance | All relevant Immediate Jond data coliection and analysis
analysis of climate change Human agencies relating o coral bleaching
related frends resources
Davelopment of divé site Finance National Tourism Implementation of effective dive
Technical , Short-term .
rmanagement plans N Unit site management plan
assistance .
Discourage development befow Natfional Planning Reduced devalopment activities
10 meters above sea level None Commission Immedicts Isealeveldise critical araas
Upgrade existing causeways Fnance Causeways constructed at high
against sea level rise and Human MRD-CIP Immediate  |elevation and fortified agcinst
increasing storm activity resources States Istarm activity
Develop and implement fong-
tern water resowrce .
Imonagement strategy finance MRD-DoA Effective long-term water
. . Human Medium management strategy
incomporating climats change, resources MRD-BPW impiemented
sea level rise, and ground water i
sallinity
Strengthen protection of curent
groundwater resources through  |Finance
hicscive sevelooment - Tecmied Waoop | g [povocpmertaicaies
wastewater management, solid {Human EQPE strengthened and enforced
waste management, and buffer jresources
zones)
Develop and Implement Finances :
effective storm water Human MRD-BPW Medlum Storm water hamessing and
storage plan implemented
management resources
Review and recommend the Human Review of the potential of
viability and usahility of rssoUraes NEPC Medium desatination available to
L desalination technology decision makers
Food securlty’ .
Co Promofe sustginable use of local {Finonces Increcsed agricuiture and
Nagriculture, fisheries, and Human MRD-BoA Immedicte |aguaculture production, and
X aquacuifure production resources fisherfies management
- . ) Fnances
" fEstablish and promoted the use  |Technical New agriculture, fisherigs, and
" [of new technologies for loca assistance  IMRD-BoA Medium aqueculture fechnology
" tfood production Hurnan availahle to stakehclders
resources
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Economilc.§

. . Fina
|dentify and deveiop mechanisms m?es
. . . Technicat L .
for touism product diversification MNTU increased diversificaiion of
5 assistance Short-term )
to reduce sfress and industry Human PVA tourism product
reliance on marine environment
resources

Develop and establish incentive * |Finances
measures for sustainable Technical
aconomic diversification inother  |assistance  IMCT Lang-term
or-tourism refated economic Hurman

ectars resources

Increased economic ]
diversification ccrass all sectors

dentify ond incorporate climate

- [Finances nafienal health management
hcng.;e impgcfs on human health Human MoH immediate  |plans reflect cimate change
n national health management ‘
resources - frencls ‘
laans .
dentify and disseminate Technical Decision makers and

[femative energy and energy assistance stakeholders knowledgeable of
fficient technology options fo Human altemative energy and energy
‘decision makers resouUrCes efficient options

MRD-Energy Office {Immediate

Establish requirements for .
govemment procurement Increased national awareness of
process o purchase only energy |None MoA immediate lenergy efficiency and usage,
efficient products for public reduction of GHG emissions
sector Infrastructure
Promote energy efﬁciéncy Mational building code
through the establishment of Tec_hnlcol MRD-CIP Medium regulation developed, adopted,
o assistance EQPB s
building codes and implemented
Finance
. y Technical Increased national awareness of
::;?IOZ%Z?egzim:m rgc’:f;c! assistance © JMRD-CIP PPUC |immediate  Jenergy efficiency and usage,
oY 9e prog Human reduction of GHG emissions
resources
Establish incentive measures for  [Rnances MoA
private sector fo promete energy {fechnical Medium Iincracased product avaflability
. . PPUC
efficienf products assistance
Enhance the efficiency of existing Finun?es . Increased efficiency of exsting
energy technologies Technical FPUC Medium energy technologies
assistance
Identify and promote viable Fincnces _ .
t f energy efficient
- {energy efficient public Technical MRD-Energy Office {Long-ferm B ut?hshmen’r ° R o
S - ; oubli¢ fransportation
* . jiranspeortation assistance
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. . ., _{Fnances
e e e e focrial D oy Offs s |25 sl
wicll i assistance ¢ e
Finances
Technical . .
Establish OTEC facility assistance  [MRD-Energy Office jLong-term OTEC f?c"“y established and in
M operation
urman
resources
Source and infroduce other viable (Finances Awareness of alfemative sources of
citermnafive energy options such as  [Technical MRD-Energy Office |Long-term energy made available fo decision
hybrid technology assistance jmakers and stakeholders
Implement effective forast Finances . Forest management and mangrove
management and protection Technicct MoA-DoF Meclium management plans developed,
measuras asslstance odepted, and implemented
‘ Finances
Strengthen coral reef profection Technical Jincreased proteciion and
measures through marine assistonce  [PICRC Medium L P
moenifaring of coral reefs
protection areas network Human
resources
. Finances
Develop and implement Human MRD-BoF Short-termn Increased vegetation cover

vegefation cover programs

resQurces

i

b Bl
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