PART
INTRODUCTION

The Federated States of Micronedt&M) is comprised ofour
independengtatesfrom west to east of Yap, Chuuk, Pohn@eidKosrae
(Figure 11). Within thesestates ar&07 islands of which 61 are inhabited.
The islands vary in topography from ldying atoll islets (typically

forested islets on or near atoll rims or within lagoons) found in Yap,
Chuuk, and Pohnpei, to densely vegetated, eroded volcanic peaks of over
500feet elevationGiven the wide variation in elevation as well as location
throughout the Pacific, thereaswide variatiorin the types and level of
naturalhazard risk.
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Figure 1. Keystates in the FSM span the longitudes from 830 163° East or
alongitudinal distance of almost 1,700 miles. Latitudes of the FSM range from
5° North for Kosrae to almost 10for Yap.Figure courtesy of NOAA

With the wide range in longitude for the islands of the FSM, there is a wide
variation in the types of hazard exposure, especially with regasthtmls
located near active earthquake and volcanic cemtééhmugh the latitudinal
range is not as great, it is still enough to play a significant role in tropical
cyclone or typhoon risk. This is covered in Part 2 of taisdbook.



Whenanaturalhazardbccurs- whethelit beatropicalcyclone tsunami,
extratropicaktorm, kingtide, flood, sealevelrise,erosionor drought- the
resultscanbedevastatindor your land,your home,yourfamily, andyour
possessiondVith the impacts of climate change, communitfagjilies,
and homes in thESM have becomencreasinglyexposedo potentially
dangerous natural hazards.

This handboolkwascreatedo helpyou prepardor naturalhazard sothat
risksto the familyandpropertymaybereducedWhile it is neverpossibleo
eliminateall damagdrom anaturalhazardyouasahomeownecanactand
implementmanysmallandcosteffectivestepshatcouldsignificantly
loweryourrisk. MotherNaturecanbeintense.Your family deserves the
protection that only you can provide

Thishandbooks dividedinto four parts.Thisintroductionpresentshe
purposeandlayout ofthehandbook anthcludesadiscussiorof common
mythsthatmayhaveprevented/ou from actingin thepast.A summaryof the
contentof thishandbookls alsoprovidedin theform of tenactionitems.
These action items afeund in various parts of the book and will hglgde
youin your future preparations by emphasizing the key steps to take first

Part2 providesbasicinformationon natural hazards we need to plan for such as:
tropicalcyclonesjandslides, flooddsunamisgxtratropicaktorms King Tides,
sealevelrise,erosionanddrought Understanding these hazawid allow you

to makeeducatedlecisiors aboutthe stepgo taketo protectyour family and
property Significant risk in the=SMis from typhoons and the associated
impacts of storm surgéipoding, and wind. In addition, typhoons have been
responsible for many of the most damaging landslileth landslides and
typhoons have caused many casualties and much property damage in the
FSM. It is important that residents of the FSM understamd appreciate
thesehazards so that proper emergency/evacuation plans caediedand
steps can be taken to reduce potential property damage when possible.

In Part3, there is information ohowto protectyourselfandyourfamily.

Includedin thissectionaretips on gathering stockof essentiaemergency
suppliesgcreating arevacuatiorkit, planning forevacuatiorandessential
informationthatthe nationalandlocal emergencynanagement agenciasd
organizationsvantyouto knowevenbeforetheyissueawarning.The key

methods of communication between scientific agencies, the local government
and the public are presentsal that you caneceive important emergency
information before, during and after a hazaktbo in thispart thereare key



characteristicsfdbuildings that would make adeal emergency shelter as
well as when it may be suitable to shelter in your hommore appropriate to
go to a shelter.

The finalpart of this book covergrotecting thehome.Key concepts tonake
houses stronger are presented thay be applicable for new houses, or the
retrofit of existing house$siven the significant hazard risk in the FSivis
importantthat houses are made as strong as possitleat they can
withstand thdrequent smallerrainfall, flooding, and wind event3/ith

proper design and constructjoghmay even be possible to withstastdonger
typhoonwinds Part 4 will covemwhat makes a houstrongso that
homeowners can decid@propriatemprovements to makandunderstand
when it still may be required to go tgablic emergency shelter.

While printed copies othis handbook will benade available to homeowners
or the publicjt is alsoobtainablefor freeasadownloadablgdffile. Go to the
websites of youlocal disastercoordinatingofficers.

Updatesto the handbookan be maden an ameeded basiascurrent
informationbecomes available and feedback from the public is obtained.

1.1Common Myths and Reasondo Prepare

You maybeamongmosthomeownerin the FSMwho havenotfully prepared for
dealingwith naturalhazarddecausef complacencgausedy severamyths.The
most quotednythsarediscussedbelowin orderto removesomeof themajor
barriers to taking action and to encourage people to prepare.

1)i Anatural hazard cannothappento me .Scientists agree that it is not a
matterof IF the next typhooor landslidewill occur, but WHEN The FSM
has a long history of being impacted by devastatimgical cyclonesvith
associated storm surgioding, and windgSee Section 2.1l states in

the FSM have been impacted by typhodfshnpei, Chuuk and Ydpave

been impacted by major typhoof&ee Figure ). Property damage and
casualtiesfroy phoons have been recorded
Table 22). Commonly associated with typhoons are landslidasdslides
that caused casualties occurred in 1997 (Typhoon Isa and Tropical Storm

goi

Jimmy), 2002 (Tropical Storm Chataoda

Jelawat) The FSM has beerortunateregardingearhquakes antsunamis,
althoughthere is a good chance you will experience a major event in your

lifetime. Mild to moderate wave inundations every few months, some that are
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intensified by King Tidesare important reminders that the islandsveny
vulnerableto eventheslightestflooding.

2) i lahazard occurs,it will not bethat b a dwhen a typhoomwr landslide
occurs, the damage can be devastatmg015,Typhoon Maysak passed
over Chuuk and destroyed an estimated 830 homes and 37 busihbsses.
werefour casualties related to the wind and a mudslide. Four years later,
Typhoon Wutip damaged areas in Pohnpei, Chuuk and Yap with an estimated
800 homes affecte€ommonly associated withopical cyclonesire
landslidesl n 2002, Tropical Storm Chataobar
caused over 260 landslides killing 47 people and damaging or destroying 231
buildings. The impact of natural hazards can be statiag so it is important
all individuals and all organizations prepare so thattogkroperty and lives
can be minimized.

3) i urvived past typhoon and landslidesvents,so | am sufficiently
prepared.o One of the greatest mistakgsople can make is to believe they
are sufficiently prepared because they have not baenedby past events.
Like each person, each hazard event is distinctly diffe@miy slight
variations in the direction of an incoming typhoon can be the difference
between life threatening storm surge or nahall Slight increases in the
intensityof the wind,or the duratiorof flooding can determine if your life
or property will be threateneResidents are encouraged to understand the
hazards listed in Partéhdhow toreceivehazardnformationthat scientists
are monitoringrom the National Weathe3ervice Weatheforecast Office
in Guam (Figure 49), and the Weather Service Offices for estake
(Table 34). They shouldorepare with the help and advice of emergency
officials at yourstatedisastercoordinatingoffices (Table 35).
Communication methods in the FSM areddsin Table &.

4) A Ty p h o o theeatem GHugk and Yap so those orPohnpei and
Kosraedonotneediop r e p aMhite it is true that Chuuk and Yap have
greater typhoon risk (Figure D), Pohnpei and Kosrae have asperienced
typhoons in which there was extensive property damage and casiiaites
risk on the eastern portion of FSkEspecially for Kosramay have been
forgotten byresidentdecaus¢he damaging events are not as frequent.
However historical data from 1899 to 1914 (Tabl2) 2nd meteorological
data from 1945 to 2017 (Figurel} show even residents of Kosaa®d
Pohnpemust be preparedith their emergency supplies and evacuation plans
Since the typhoon risk in Kosrae is not as great as thefrist FSM, it is not



as critical that they build as strargjill, there is a benefit to building as strong
as possible because it is never possible to exactly quantify the hakard

55ATsunami s dawllsbexduse zhtyfamsarrounded by deep
water,sol ams a f Itgis trae that the steep offshore profile in the FSM
limits the growth of significantly damaging tsunami wavést offshore
modeling of more than 1,000 subduction zone locations in the Pacific
indicatesa tsunami of up tainefeet is possible (Section 2.6). Tsunamis of
justthreefeet can be very damagingnlike wind driven waves of the same
height, tsunamis have much greater force because of the large volume or
mass of watebehindeach waveModeling of a magnitude 8.0 earthquake
off the subduction zwe of Rpua, New Guinea generates a tsunami
impacting FSM in under 2 hours with a heighBed feet.Anyonecaught
near the shoreline or at low elevatiuringsuchan evenmaybewashedutto
seawith higherriskif it occursathightidethanatlow tide. Thus it is
important that all communities and individuals are tsunami readynot
ignore the risk

6)fi | n st @dfto watll ges (i.e.,typhoon clips) does not guarantee
there will be no damage duringa typhoon, sol will notb ot hEven. 0
thoughsomeonenaywearaseat belthereis no guarante¢hattheywill
notbeinjuredin anautomobile acciden¥ et mostpeoplerecognizehe
importanceof thesesafety devices reducingrisk anduse them.
Likewise,themeasuresdiscussedh thishandboolcouldsignificantly
reducerisk, although there are no guarantees there will be no daifiage
mostcosteffectivemeasure to redugesk from a typhoons to tie the
roof to the wallso that it does not blow off duringtense wind¢See
Figure 44 and Sectiond.3.1 and 4.3.2)n addition, take steps to fortify
the roof (Sections 4.3.3 to 4.3.9he next most important measure is to
protect the openings of a house, such as the winddation 4.5)These
measuresvill significantly reduce risk but not eliminate Additional
measures in Part 4 of the book will incrementally reduce risk

7) i lahatural hazard occurs,the governmentwill cometother e scue . 0
During and after a natural hazard, the government may be overwhelmed by the
number of calls for help. Their initial attention will most likely be to determine if
conditions are safe to respond to. If they can respond, attention will be devoted to
life-threatening situations and to those closest to help. With the FSM spread so
far apart and many of the States comprised of numerous hard to reach outer
islands, government help may take many hours, or even days. It is up to you to
plan and prepare you and ydamily, collect your emergency supplies, have an
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evacuation plan, strengthen your house when possible, and{sef§ielent to

ride out a potential hazard. Often the first responder to a disaster is your neighbol
Work with your neighbors to prepare before, during and after a hazard so that the
collecive capabilities of everyone will make the community more resilient.

8) A My h o u s e past typhoohs\seldo not need taetrofit for future
eventso As mentioned previously, each typhoon is distinctly different in
terms of threats to property and liv€sr example, if the typhoon moves
slowly, the duration of damaging winds and rain causing flooding will put
homes and families at greater risk of dam&gyeall distances in the
direction of an incoming storm can lead to high variabifitthe impact of
the stormAdded to these variables is climate change and the potential for
stronger and more frequent hazard everterefore, the fact that an area
has not been damaged in the pagt natural hazard should not prevent
people from preparing their families and homes. All homes in the FSM
should take steps to be strengthened because there are many benefits beside
reducing hazard risk, such as increased longevity of the structure.

9) fi E v & ahazard occurs,thereis nothing | cand o Many peopleprayand
arethereforehopefulthata hazardwill notbefallthem.Othersthink positively
and believehatit hassomeeffectontheoutcomeWhilee v e r ybeliefe 6 s
shouldbe respectedheyshouldnotbeusedassubstituteor preparation.
Fortunatelythere arananysmallstepsyou cantaketo significantlyreducethe
risk of damageo life andproperty.Thenumberof optionsavailableto
homeownerfiasneverbeengreaterWhile it is not possibleto eliminateall
risk or damagemanyreasonablstepsasdescribedn thishandbooko plan
andpreparecanmakea majordifferencebetweerlife anddeath and
determines whether a house survives or receives only minor or no damage.
Thus, thenformationin this handbookcoverstwo majorpartsfor preparation:
() protecting yourselandyour family i Part 3 and(ii) protectingyour
propertyi Part 4

10)ii St r e n grytheuseis tooexpensiveandnotworth thee f f or t . 0
Here are various cosfffective ways to strengthen your hotisat are covered
in Part 4 of théhandbook

w Addingroof to wall ties anevindow coveringofferssignificantprotection
aloneandruns ontheorderof afew thousandlollars.Strengthening
roof structurg(trussesand rafters) with bracing can be done at a
minimal cost(Section 4.3)



w While strengtheningnexistingroof canbeexpensiveconsiderdoingso
whenyou arereadyto replacat with anewroof astheadditionalcostis
farmorereasonable.

w Upgradinghehousdoundationcanbeexpensivéoutmaybewell worth
it, especially if your house is your major investment.

Thetime andmoneyspentpreparingyour houseto minimize damage
from anaturalhazardarejustatiny fractionof whatyoumighthaveto
spend ifmajordamageo your houseoccurasaresultof afailureto
takepreventative measureBy preparingandstrengtheningour
houseyou maybeableto wait out thehazardatherthanevacuaté¢o a
shelter Evacuatiorto asheltershouldbethelastresort unlesstyphoon
or tsunamiis approachingTherewill be minimal supplies, thaimplest
of sanitaryfacilities,abarefloor, andlittle spacgmax.10squardeetper
person 5feetby 2 feet). You will haveto bringyourownsupplies
includingbedding,medicationfood,andwater.By remainingathome
duringamild to moderatéazard, yowvill bein far morecomfortable
conditionsandcantakebettercare offamily membersincludingthe
elderly,thosewith specialneedsandpets.

Whether yowanshelterin placewill dependnnumerougactors
includingyouroriginalhouse desigrtheretrofitsyouinstall, the
strengthof thehazardevent,andif youarein one ofthevulnerable
areagproneto waveinundation(See Table 3B). Neverthelesdyy
strengtheningour housegyou protectyour neighborsaswell as
yourself.A househatfalls apartduringa typhoorwill createnind and
waterbornedebristhatcandamagedjacenproperties.

1.2 Ten Things You Can Do to Prepare

As coveredn laterpartsof thishandbookherearetenthingsyou candoto
preparehatwill provide greater protection for your family and property.

1) Understand the risk of the many natural hazards in your area Each
state in the FSM is slightly differenEven for each island in the different
states therewill be differences. Review Part 2 of thhandbook and plan
especially for tropical cyclones, floodingndslidesand tsunamis. A good
understanding agciencewill help you decide what are appropriate steps to
take in terms of gathering emergency supgl&ection 3.1)evacuation



planning Gection 3.3 or making improvements to your home (Partprk
with your Weather Service OfficeB WS O dable 34), yourdisaster
coordinatingoffice (DCOT Table 35) and community leaders (e.g., mayor or
chiefs) to help you understand risk and where to go during an emergency.

2) Gather your emergencysuppliesnow. Thegoodnewsis manyitemsyou
needarein yourhomealready(seePart31 Section 3.). Checkandrestock
eachmonthsothatthe suppliesarecomplete notoutdatedpr used.Expiration
dateswhich arehardto read becausef smallprint, canbe mademorevisible
onthe packagingwith apermanent markeAvoid rushingto astoreduringan
emergencyo gatheryour suppliesTherewill be long lines and empty shelves
- you will only add to the crowd and confusidrhe guidelines in the book for
seven days afmergency supplies are suggestions. If it is too burdensome to
gather everything in the lislue to cost or lack of spaagmther as much as
you can For households in which it is not a burden to gather supplies, collect
the amount suggested aaltittle more for your neighbor

3) Compileyour evacuationkit. If your evacuation plans include using a
shelter for a typhoon, you will need an evacuation kit that contains water,
food, clothing, medications, personal hygiene products, and other items for up
to threedays The kit should already be assembled and checked before
typhoon season (see PayiSgction 3.2 The supplies in your evacuation kit
can be kept in a back pack or duffl e
notice.

4) Create hazard specificevacuationplansfor typhoons,landslides,and
tsunamis.They are different. Fora typhoon(Section 21), your plan may
include sheltering in your house if itn®t subject tdlood or landslideisk
andis sufficiently strong $eethe Shelter in Place Table (TablS3.

Alf you cannot use your house, use a suitable alternative stratiirend or
rel at i vteabisstramggrorsagublic emergencghelter that is
officially open [listen to local radio and television (see PartA)]ideal
emergency shelter will have the characteridigtedin Section 3.3.2. These
will beschools butould be another building theschool is close to the
coastline

AFor a landslidé learn how to recognize landslide risk in your area. The
science of landslides and how to detect vulnerable areas at risk is covered in
Section 2.2.

AFor flooding and wave inundation, do not shelter in your house if it is subject
to these risks amdicated by past eventShe threat from these water threats



can be significant during a typhoon or tsundaxitratropical wave
inundations may submerge ground floors by a few feet and cause some
structural damage, but typhoons and tsunamis have the potential of
submerging everything below the second floor and destroying all but the
strongest buildings.

If you are near the coastline, for a typhoon/tsunami your plan is likely to be
sheltering in one of the officiglublic sheltersin creating your
emergency/evacuation plan, it is something that shoutdbsidered during

good weather conditiongrell ahead of a hazard warnirigecisions that are

made at the last minute under stressful conditions, such as during an incoming
storm, are likely to be poorly informed and potentially dangerous

5)Work with your local Weather Service OfficegWSOs) Disaster Coordinating
Offices(DCOs)and Municipal Leaders It is important you are properly

informed of hazard risk before, during and after a natural hazard. Work with
your localweatherserviceoffices (Table3-4) if you have questions on hazard
science and risk in your area. Work with ydigastercoordinatingoffice

(DCOT Table 35) andmunicipalleaders (e.g., mayor or chief§you have
guestions about the risk in your area or need help in creating an
emergency/evacuation plavany municipalities have already developed
Municipal Disaster Preparedness Plans (MDPBse Figurs 320, 321 and
3-22) These MDPPs will identifynunicipal leades, evacuation sites,
evacuation routes and lines of communicatibnSection 4 of the MDPP is

the Hazard, Vulnerability & Capacity Mapping (HVCM) sséctionwhich

will have a list of emergency/evacuation sheltélse the information in the
HVCM, as well as the information in Parts 2 and 3 of this llodielp create
your emergency evacuation pldyscuss, refresh, and practice drills of your
evacuation plan with your family, neighbors and community each year before
typhoon season in February or March (Figu®) 2

In the FSM, MDPPs were developed by municipal leaders with guidance from

the Department of Environment, Climate Change & Emergency Management
(DECEM), in partnership with the International Office for Migration (IOM)

and USAI D6s Of fi cesistafice. For ei gn Di sast e

6) Know how to receive emergency information fronthe Weather Service
Office (WSO) and theDisaster Coordinating Office(DCO). Scientists at
the National Oceanic and Atmospheric Administrai©®AA) are always
monitoring conditions imnd around thedeific Ocean. Satellitegsunami
buoys and seismometers check for severe weadathquakesand



tsunamis. When potential hazarévent occurs, emergency information will
flow from the Weather Forecast Office in Guam to W$UCxble 34) and
DCOs(Table 35). Information will thenbesent to the public. It is important
that you know how to receive emergency information, which can come by
text message, radio, or the internet. Review Talld@be sure you can
receive emergency informatiol is best that you have redundancy, or
multiple methods of communication, so that if one method failether an
still inform you Especially important for the outer islands is to know how
emergency information gets distributed through your community (Section
3.3.3and Figures 20, 3-21and 322). Work with community leaders
(DCOs, mayors, chiefs, school leaders) in your municipality as each one is a
little different. Many municipalities may already have the benefit of a
Municipal Disaster Preparedness Plan (MDHARgure 322), which will
outline the flow of emergency information in your communiityour
municipality does not have an MDPP, work with your D@l municipal
leadergo develop one.

7) Know your property and take appropriate action to reduce risk Look at
where you aréocated. If trees overhang your house, consider trimming or
cutting the branches overhead which may damage your bousefin a
storm(Figure 475). Are you located near the ocean or a stream which may
increase the risk of flooding or wave inundatiénother indication ohazard
risk for your propertyis if it has been impacted by flooding or wave
inundationin the pastA good indicator of hazard risk is the history of
threatening events for a given locati@ecause landslide risk is significant
in the high islands of the FSM, know how to identHis risk for your area
(Section 2.2)An understanding of your surroundings will help yourtake
appropriate emergen®@vacuation plans artd take action to strengthen your
house.

8) Know your house and takeappropriate action to strengthen it.
Whenwasyour housebuilt and what type of wall structure does it hé8ee
Figure4.2.2) Is your house in good conditiBDoesit haveconnectorso tie
theroofto thewall or thewall to thefoundatior? This is called a continuous
load path connectioffFigure 4.2.4)When will you needto reroof?Look at
your blueprints iftheyareavailable Homeownergantake steps to strengthen
their house by fdaifying their roof, usually the weakest part of the house
(Section 4.3)Somehousesnayalreadyhaveroof to wall ties andstrong
connectorgrom thewall to thefoundation.If your housewasnot built this
way, you canstill retrofit partsof thehouseatareasonableost.If there is
access, stally tying the roof to the wallso that the roof does not blow off
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during strong winds. Fortifthe roof at key intersectionsuch as at the trusses
and for connectionkom thetruss to purlirand purlin tometal corrugated

roof. If access to your roof is a problem, you &difi strengtheryourroof
whenit is timeto reroof, or if there is need for repair after a major staktn
households shoulkbnsideithemanyoptionsnow availableto protectyour
windowsanddoors.Thestepsahomeownecantake will varywith each

houseputfor mosthomeownerghereareafew stepghat can make a
significant difference (see Part 4).

Do notgamblewith yourhouseObtainadequaténsurancef it is available,
and make sure to read any fine ptmsee what is covere@onsidereffortsto
strengtheryourhouseasyour mostimportanthomeimprovemenproject.
Most projectsarenotthatexpensiveForthe morecostly onesasmallhome
improvementoanandpotentialdiscountdrom naturaldisaster insurance
premiumsmay maketheseretrofit projectswithin reach.lt is agreat
investmento strengtheryour houseandprovidemoreprotectionfor your
family (seePart4).

9) Seekthe assistanceof a qualified, licensedarchitect, structural
engineer, orcontractor and work with your partner hardware stores.
Even if you have some buildirexperience andando some of the work
yourself it is always best teeekthe adviceof aqualified architect, engineer,
or building contractobeforehandEach house is slightly different and
qualified professionabssistancés important You can obtaideads fortrusted
references fronfriends and family, emergency management agencies and
organizations, oindividual contractors osisland Also work with yourlocal
hardware storesnany who are partners in this Handbdaktheir helpand
tipsonimproving your home.

10) Work with y our neighbors andhelp the community. It is important to
know your neighbors anoklpeveryone in the communitifter a natural
hazard, the first people to provide emergency assistance is likely to be your
neighborWork with your community on evacuation planning, reéety
emergency informatiorgr how tostrengthen your homé#.you cancreate a
hazard specific evacuation plan, share it with your neiglibttrere is an
emergency warning, make swyeu and your family knowas well as your
neighborsif you have extra space for emergency supplies, gather more than
recommended to share with those in need. Always plan tdhwspin your
communitywho may not be physically or financiapleto help themselves
This could include the elderly afwal handicapped
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This part of thdhandbook covers the natural hazards of most concern &Stie This
includes: (i) tropical cyclones (tropical depressions, tropical storms, and typhoons), (ii)
tsunamis(iii) extratropical storms, (iv) King Tidegy) floods, (vi) sedevel rise, (vii)

erosion, (viii) drought and (ix) landslidds is important to distinguish the hazard event

and process. For example, a typhoon is an event that can cause erosion, wave inundatic
flooding, and high wind damage. Skeael rise is an event that can cause erosion, wave
inundation and flooding damagsotice that somef the major impacts we plan or

design for such as erosion, wave inundation and flooding can be caused by multiple
events (typhoon, tsunami, skwel rise).

2.1 Tropical Cyclones

Tropical cyclones are intense weather systems formed in tropical latitudes (0 to 22.5
degrees north of the equator) with a wagfined circulation pattern around a low

pressure system. In tiSM, we will be interested in four categories of tropical cyclones
that are classified based on the wind speed averaged over one minute at a height of 33
feet above sea level. The four categories of tropical cyclones are:

1. Tropical Depressioni Is an organized system of persistent clouds and
thunderstorms with closed lel®vel circulation and maximum sustained winds of
38 miles per hour or less Because the winds are relatively low, the threat of
storm surge and wind damage is low. However tropical depressions produce
significant rainfall causing flash floods and landslides in the FSM.

2. Tropical Storm 71 If the tropical depression grows in strength, it will become a
tropical storm once the maximum sustained winds reach bet®end 73 miles
per hour. The threat of storm surge and wind damage grows significantly as wind
speeds increase with the tropical storm. Poorly constructed residences in the FSN\
could be severely damaged by a tropical storm. The risk to homes can be
significantly reduced by folloimg the retrofit measures in Part 4 of this book.
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3. Typhooni A tropical storm becomes a typhoon when the maximum sustained
winds reach or exceet!t miles per hour.Typhoons can be devastating in the
FSM because of the triple threat of high wind, storm surge and flooding
associated with potentially significant rainfall. Even weghstructed houses in
the FSM can sustain damage from a typhoon. The retrofits in Bathi¥ book
are important to help reduce the risk of potential property damage. Whether a
house should be used to shelter in during a typldepends on its ability to
withstand the triple threat (high winds, flooding, and storm surge). This is
dependent on the strength of the house against wind, its location relative to flash
flooding and vulnerability to storm surge. As shown in Figufie 8phoon risk in
the FSM varies with eacdtate. Even where the risk is the lowest, it is serious
enoughthat the threat must be planned for by the entire community.

4. Super Typhooni A typhoon is considered a super typhoon once the maximum
sustained winds reach 150 miles per hour, as classified by the U.S. Joint Typhoor
Warning Center. This is compared tmajor hurricane with winds over 111 miles
per hour (sometimes referred to amaor typhoor) in terminology used by the
Nati onal Hurricane Center. Because o
the equator) and a longitude where most typhoons are just beginning to form
versus where they have had a chance to strengtist tropical cyclones never
attain super typhoon strength in the area around the FSM (See Figjure 2
Farther north and west, super typhoons are more common. For example, Super
Typhoon Haiyan/ (Philippines: AYodfand
2013 with maximum sustained winds of 195 miles per hour (see FigRjre This
was the strongest recorded typhoon to make landfall in history.
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Figure 21. The history of tropical cyclones in the FSM between 1945 and 2017. The threat
from typhoons grows significantly moving northwest from Kosrae to Phonpei to Chuuk and
Yap. Still, all islands must prepare for the triple threat of strong wind, ra@md waves

14



Figure 22. Typical tropical cyclone track
shown by 2013 Super Typhoon Haiyan.
Haiyan started as a tropical depression near
> Pohnpei with the major threat of rain and
"poaetegep ot - flooding. It strengthened to a tropical
+, it """ storm, and then to a category 1 typhoon
L near Chwk with the threat of rain, flooding
and wind. From there it strengthened to a
devastating major typhoon and then a
super typhoon as it impacted the
- Philippines. From NOAA Historical
e Hurricane Tracks

In 2015, Typhoon Maysak caused extensive damage in the FSM, with most of the damage in Ya
and Chuuk States (Figure33.

Figure 23. The eye of Typhoon
Maysak passes over Chuuk
Lagoon. The category 1 storm
destroyed an estimated 830
homes and 37 businesses. On
the main island of Weno, there
were an estimated 7,000 people
left homeless. There were four
deaths, three related o the
wind (fallen trees or windborne
debris) and one due to a
mudslide. Figure from NOAA
Historical Hurricane Tracks

Typhoon Wutip was another
recent tropical cyclone with
direct impacts to the FSM. Wutip
formed in the east near Kosrae in February 2019. It intensified quickly as it moved northwestwar
across the FSM, affecting islands of all 4 stékgégure 24). Six Chuuk State Island Warning

Points were placed into Tropical Storm or Typhoon Watches and/or Waregg®4ért 3 for
explanati on of andalsothe 2010 SAIDbandhFEMAOreport). Three Yap State
Island Warning Points were also placed under Watches and/or Warnings.
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Figure 24. Typhoon Wultip started
as a tropical depression south of
Kosrae and Pohnpei. Wutip
strengthened to a Category 1 and
2 as it impacted Chuuk with severe
winds, rain and waves. From

.o NOAA Historical Hurricane Tracks

During Typhoon Wutip there were damaged areas in Pohnpei, Chuuk and Yap associate
with storm surges, strong winds and saltwater inundation (2019 USAID/FEMA report).
Damage assessment reports indicate 800 homes were affected: 151 destroyed, 200
sustainingnajor damage, and 442 sustaining minor damage. Most of the damaged
homes were in Chuukos Northwest and Mor

Unlike other ocean basins, the FSM region can produce tropical cyclones at any time of
the year, save for an fioff seasono with
of March (Figure 5). Yet as Wutip showed in February 2019, residents shauld b
prepared yearound.

Figure 25. Frequency of tropical cyclones in the northwest Pacific by month (Pidwirr2842).
The main season for tropical cyclones in the Northwest Pacific basin runs from July to
November with a peak in late August/early September

With any typhoon, there will be
four key impacts that overlap
(Figure 26). The impacts of: (i)
erosion/scour, (ii) storm surge,
(iii) flooding and (iv) high wind
must be considered for
homeowners and residents to be
prepared. This could play a role i 0
how houses are built or retrofitted
and also assist in decisiomaking regarding evacuation/emergency planning, which are
key components of this book.
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Wind Figure 26. With a typhoon, there are the

140 MPH impacts oferosion/scour of the coastline. In
addition, there isstorm surge andflooding.

Battering Finally, the impacts ohighwindsmust be
planned for. Some of the impacts, such as
erosion, scour and wave inundation will
diminish for inland locations. Many of the
impacts will overlap near the coast, resulting in
greater threats to life and property

It is important to note the differences between erosion and scour, as well as storm surge
and flooding. These are the major impacts we need to plan for when considering how to
build or retrofit a house, or in creating emergency/evacuation plans.

ErosionT When more sediment leaves a shoreline area by physical processes than is
deposited by biological and physical processes, then erosion of the coastline occurs. Thi
is typically seen by retreat of the shoreline and a vertical cut in the vegetated dune.

Scouri Commonly occurs with erosion. When a large volume of water flows inland and
then back to sea around a structure (house, column, or pier), there is turbulence which
removes sediment around the structure. This can undermine the structure and lead to
failure.

Storm SurgeThis is the abnormal rise of water generated by a storm or-priessure
weather system, over and above predicted astronomical tides. The elevated water levels
will allow breaking waves that once were offshore, to break closer to shore or on what
was dryland.Damaging waves can also come from a tsunami, or a distant extratropical
storm, and impact structures.

Flooding i Flooding from tropical cyclones can come from freshwater and seawater.
Flooding is the accumulation of water over land, caused by storm surge (seawater) and/c
by heavy rainfall and poor drainage (freshwater). Risingesegds can also increase

flood risk along the coast by elevating the water table, which is the water level below the
ground.

Wind i Winds associated withteopical storm ortyphoon should also be considered
when building or retrofitting a house, or in creating emergency/evacuation plans.
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The relation between the types of tropical cyclones (tropical depression, tropical storm,

typhoon and super typhoon) and the types of daneigsignkscour,waveinundation,
flooding, andvind) are summarized in Tablel2

Table 217 Summary of Major Impacts/Damage from Tropical Cyclones

Tropical Wind Speed Likely Hazard Comments
Cyclone Impacts
Tropical 38 mph or less | Freshwater/Flash Water from a tropical
Depression Flooding from High | depression can enter a home
Rain, Potential from the top as rain, or from
Landslides the bottom as a flood.
Associated with
Flooding
Tropical 39 to 73 mph | Freshwater/Flash Impacts will vary depending on
Storm Flooding, Potential | strength of the tropical storm,
Landslides Erosion, | duration, and location. Storm
Storm Surge, Wind | size and speed of motion can
also effect impacts to the island
Typhoon 74 to 149 mph | Freshwater/Flash Risk varies with least risk in
Flooding, Potential | Kosrae State and most at Yap
Landslides, State. Yet all Islands need to
Severe Erosion, plan for Typhoons.
Flooding Storm
Surge, Wind
Super 150 mph or Freshwater/Flash Supertyphoons in the FSM are
Typhoon greater Flooding, Potential | not common, but not out of the
Landslides, guestion. Several typhoons in
Catastrophic the last decade reached super
Erosion, Storm typhoon status following
Surge, Wind departure from the FSM.
There is no history of asuper
typhoon in this location.

To better understand the effects and occurrence of tropical cyclone winds, storms surge,
and flooding for all the FSM, from Kosrae to Yap, the reader is referred bothe
ATyphoons in Micronesia, o0 by Professor
accounts of serious casualties and property damage from typhoons that were documents
during the Germaoolonial period from 1899 to 1914. Tabl€Zhows a sampling of

some, but not all ahe accounts, and demonstrates serious erosion, wind, storm surge,
and flood impacts for all of FSM. This led to loss of life and property damage, which are
addressed in this FSkandbook.
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Table 227 Historical Data on Typhoons damagin

the FSM from 1891 to 1914.

Event Location Hazard Process Property Casualties
Damage
1891 Typhoon | KOSRAE Wave, wind Damaged
buildings &
houses, blown
roofs
1895 Typhoon | Sorol, YAP Reported 100
1905 Typhoon | KOSRAE Waves, floods, | Houses destroyedq 57 from
wind T roofs lost flying wind
borne debris
1905 Typhoon | Pingelap, Mokil, | Erosion, waves, | Houses destroyeq 187 high
POHNPEI rain, wind, T roofs lost wind and
landslides flying debris
1905 Typhoon | Sorol, YAP Entire
population but
2
1905 Typhoon | Fununu, Storm surge, Women &
Nomwin, erosion, wind child drown
CHUUK
1905 Typhoon | Namouito Atoll, | Wave, wind All dwellings and
CHUUK boats washed off.
1907 Typhoon | Lukunor, Storm surge, 14
CHUUK erosion, waves,
flooding
1907 Typhoon | Satawan, Storm surge, Satawan 31 Satawan
CHUUK erosion, waves, | Buildings blow 131 Ta
flooding overi Ta-
houses washed o
1907 Typhoon | Elato, YAP Storm surge,
wave. Higher
than a human.
Event Location Hazard Process Property Casualties
Damage
1907 Typhoon | Ifaluk, YAP Erosion, storm | On islets Falalap | Estimated 25

surge, waves

and Feladjikall
houses destroyed

35

1907 Typhoon

Lamotrek, YAP

Erosion, storm
surge, waves
estimated at 8
meters
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1907 Typhoon | Puluwat, Erosion
CHUUK
1907 Typhoon | Ulithi Atoll, YAP | Waves, wind Houses blown
over damaged

1907 Typhoon | Woleai Atoll, Large waves, Houses destroyed 200 over 6
YAP flooding, islets washed islands in
erosion, wind away atoll,

survivors tied
to tree tops

The data from 1945 to 2017 in Figurel?2 show significantly less typhoon risk for Kosrae and
Phonpei versus Yap and Chuuk. However, the historical accounts by Spennemann in the late
MynnQad FyR SIENIe& mdbnnQa AYRAOashlbStatesaveli KS A
experienced typhoon related casualtieShis is an important reminder for the citizens of

FSM of the need to prepare for the various impacts from a typhoon (storm surge, flooding

and wind). This can help encourage citizens to prepare egeaicy plans as discussed in Part

3 and strengthen their homes as covered in Part 4.

2.2 Landslide Hazards in the FSM

This landslide section was written by Stephen Slaughter and Dr. Corina Cebavskiu

of the U.S. Geological Survey. A landslide is the downhill movement of soil, rock, plants,
and other debris. Landslides in th8M usually happen during, and soon after, tropical
storms and typhoons. However, weak, stoving tropical disturbances and tropical
depressions can also generate significant rainfall that can trigger landslides. Some
landslides can move fast, and somesioer.

Fast landslides- In the FSM, fast landslides have caused numerous fatalities and
damage, usually by burying or destroying buildings where the landslides stop. Most
landslides are triggered by intense rainfall and move very quidkiter than a person

can walk or runAs fast landslides move downslope, they can become a flowing landslide
(called debris flows) that move at high speeds and travel far from where theyistarted
even over relatively flat ground. During intense rainfall events, landslides can start
moving inseconds to hours. The rainwater combines with the solil, rocks, and plants and
can make a very fashoving mixture that can travel miles from where it starts.

Landslides can be powerful enough to knock down trees and houses.

The impact to humans, buildings, and roads depends on where landslides start and whe
they go. Where a landslide starts, the ground breaks up as it moves downslope, removin
support for buildings, roads, and other structures. Structures often collapsédfand

severe damage or complete destruction. Infrastructure, such as roads, bridges, water
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pipes, and power lines, often are broken. When a flowing landslide reaches the base of ¢
hill or mountain, they can continue to travel tens to hundreds of yards across relatively
flat ground. Anything in the downhill path of a fast landslide is at ridseaig buried or
destroyed and this puts human lives at risk (Figurg 2

Figure 27. View of the Necap
landslide triggered by rainfall from
CeLK22y [ KFdl Qly
Chuuk State. The landslides started
high on the slope and rapidly moved
downslope across the flat area to the
ocean. Tle Necap landslide destroyed
homes and killed 14 people. Image
from U.S. Geological Survey Opéiile
Report 20041348

Slow landslidesi Slow landslides
are usually a risk to buildings and :
infrastructure, such as water pipes or power Ilnes Slow landslides may have first moved
hundreds to thousands of years ago and then stoppey.can start moving again (called
reactivation) after heavy rain or if the landslide is modified by construction or

agricultural activity. Slow landslides tend to move over hours to days, so people can wall
away, but buildings and infrastructure can beesely damaged. The landslide will
eventually stop movindyut the landslide could also move for many yéaegher

continuously or only after long periods of rainfall. Slow landslides are common in hilly
and steep areas and old landslides often appear as attractive places to build homes. The
ground that makes upe ancient landslide may be weak and can lead to fast landslides or
slow ones (Figure-8).
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. Figure 28. View of Sapore landslides
=% on the island of Fefan, in Chuuk State.
The two fast landslides (brown soil at
the ends of the yellow line) were
triggered by rains from Typhoon
I KFEGFQFy 2y WdzZ & HX
landslides started froma much larger,
ancient slow landslide. The dashed
yellow line traces the top of the
ancient landslide. Ancient landslides
can have weak ground that makes
them prone tofaster or slower

¥ ‘ landslides. Ancient landslides can start
movmg agaln (or reactivate) after manyays or Weeks of intense rainfall or if an ancient
landslide is modified, for example, by cutting into the landslide to create a flat spot for a
building. What looks like flat ground below the ancient landslide is an old landslide deposit of
soil and rockhow regrown with plants, from when this landslide moved a long time ago.
Image from U.S. Geological Survey Ogeéife Report 2004.348

The inset to théeft

Significant Fatal Landslide Events summarizes some of the most
damaging landslides in the
1997 Heavy rain from Typhoon Isa and Tropical Storm Jimnm] FSM. Due to the threat to life
triggered over 30 landslides in Pohnpei killing 20 people and gnd property, it is important to
destroying many homes. be able to recognize landslide
2002 Rains from Tropical Sto threats a,nd act e_lccord'ng_ly'
storm caused over 260 landslides, killing 47 people, injuring| Preparation begins by being

least 100, and damaging or destroying 231 buildings includi] able to recognize landslide
homes, schools, community centers, and medical dispensari risk. This is in the section

2018:Rains from Tropical Depression Jelawat caused many below. Part 3 of this book

landslides on Pohnpei that killed at least 1 person and destr covers creating .
homes, roads, and bridges. emergency/evacuation plans

for a landslide

How do you determine your landslide risk?

Landslides often start on steep slopes, so if your home is built on a hill or at the bottom c
a hill, it could be at risk. Landslides that move down a steep slope may continue moving
across flat ground, such as in Figuré,2and destroy or damage houtasher away.

Though you cannot move your home, you can be aware of the signs of possible landslid
activity (see inset).
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Signs of possible landslide activity

1 Stream or water flowing down a slope
where water has never flowed.

1 Sound of cracking or snapping trees or
utility poles.

1 Rocks and debris are occasionally falling
and rolling down a slope.

1 Trees, utility poles, or other tall objects ar

leaning.

New cracks in the ground

Parts of the hill have moved and exposed

bare soil or rock.

1 Heavy or long periods of rain, such as
during a tropical storm or typhoon.

E

Another area of potential landslide risk is
near a stream where it comes out of the
hills or mountains. If a landslide reaches
a flowing stream, such as during a
rainfall event, the landslide may continue
to travel along the stream as debris flows.
A debris flow is a type of rapid landslide
that can be very destructive and can
travel long distances from where a
landslide starts. People who live near
streams near hills or mountains, should
be aware of potential debris flows (see
also the following infograpkion debris
flows and landslides:

https://www.usgs.gov/media/images/landsigidety

Not all islands in the FSM have landslide risk. Islands without hills and mountains may
have very little to no landslide risk. But even a small hill, especially if it has been
modified to build a house or road, can produce a small landslide. Thougmtlside
may not be fatal, it can be a nuisance and a threat to a home.

The U.S. Geological SurveySGS)is making landslide hazard maps for the FSM. The

maps identify rapid landslide hazard areas and where a landslide may start, where it ma
fall and deposit, and if the landslide falls into a stream channel, where the landslide may

continue to travel as a des flow, which can travel long distances from where a
landslide starts and threaten life and property. Figt@esRows an example of a
preliminary landslide hazard maphe final maps wilbe available from the USGS at

thefollowing location:

https://www.sciencebase.gov/catalog/item/6619520ad34e7eb9eb7dcacb
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Figure 29. Preliminary map from the USGS
showing the hazard areas for fast landslidéhe
'plus' symbols show locations of past landslides.
The red areas are where a landslide may start,
which is usually a steep slope. The orange areas
are where a landslide may stop and deposit soil
and rocks. The purple areas are where a landslide
reaches a stream channel, which allows the
landslide to travela longer distance, and then
stop far downslope. The purple areas represent a
particular destructive type of fasmoving
, landslide called a debris flow. These flowing
landslides can impact communities on flat ground
and far from where a landslide starts. During a

: storm, the safest place is inland away from storm
surges and from any purple or orange landslide areas. Note: the above image is a draft map
subject to change and should not be used for final decision making

Safe areas should be identified by individual homeowners before a ftarould be

best to work withdcal emergency managecsdevelop an emergency/evacuation plan
See Part 3 for emergency/evacuation planning as at least three factors need to be
considered: i) away from purple and orange landslide areas, ii) away from coastal high
watersand storm surgendiii) in a structure that can withstand high winds from a
typhoon.

Once the USGS maps are finalized, homeo
together should use them to help plan for emergency/evacuation. At the time of this
writing, only generalizations can be matéhere there are steep mountains, such as for
Chuuk, Kosrae, and Pohnpei, the risk increases for flash floods and dangerous landslide
or debris flows. Not all islands in these States are steep, but many are. Where the terrair
is less steep, such as in Y#pe risk of flash floods, landslides or debrisaf®is much

less.

2.3Flooding Hazards in the FSM

Flooding can be caused by tropical cyclones (Section 2.1) and tsunamis (Section 2.6).
However, islands across the FSM are at risk of leaigd smallscale flood events related
to other factors. This section will cover these other potential flood sources.
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2.3.1 King Tides

King Tides are simply the highest high tides of the year. They are also associated with th
lowest low tides of the year. FigurelD explains how the King Tides developed.

Figure 210. The highest tides of the
month occur during the new moon

top) and the full moon (bottom). , R on). v
( p) ( ) \/ ~mb;v\iienEa:::ndaun

Perigean-Spring Tide (New Moon)

Gravity from the moon and sun
combine to create thestrongtides. L= :
Higher tides occur 3 to 4 times per | | RaboGRE. s
year when the moon is full or new, ' :
and the moon is at its closest
L2aAdAzy (2 GKS
distance to the earth varies sindés
orbit is not circular but elliptical The ‘ By e
Earth also has an elliptical orbit oo aman [
around the sun. The moon has a

greater gravitational effect on the
tides than the sunput when the
effects of the moon and the sun .
combine when Earth is closest to the
sun (January), the tidal fluctuations are even greatémage courtesy of NOS and NOAA.

Perigean-Spring Tide (Full Moon)

King Tides are often associated with climate change as they provide a glimpse of future
sealevel rise impacts. However, King Tides have nothing to do with climate change.
They are an astronomical phenomenon, and the timing can be accurately predicted
becaise they are based on the orbits of the earth and moon.

When combined with other unrelated weather and water hazards, King Tides can raise tt

water level so high during high tide that the shoreline becomes more susceptible to
erosion, floodingand wave inundation (see Figurd D).
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Figure 211. During the Decembes-9,
2021King Tide, the FSM experienced
| major flooding with saltwater
inundation on both high and low lying
islands.Inundation and flooding were
| significantly worsened with this King
Tide event as it coincidedith elevated
| water level from La Ninaas well as

| largeoffshore wavesand swellfrom a

| distant storm against a backdrop of
long-term sea level rise.

The December-3, 2021 flooding could be attributed to factors related to climate change
(sea level rise) and factors unrelated to climate change (King Tides, ocean storms and L
Nina). The bottom line is that flood risk will increase over time and traidarts of

FSM must adapt to increasing flood events to prevent damage to crops and property.

2.3.2 Ocean Swell from Storms

Large ocean swell can come from extratropical storms, which aratititle storms
(outside tropical latitudes) or they can be generated by nearby storms and trade wind
surges that are unrelated to tropical cyclones (Section 2.1).aSawéllcan travel
thousands of miles from the filorth Pacific and th&outh Pacific. Figure-22 shows

the process of how waves, swell and surf are created.

Figure 212. Strong winds from a storm,
blowing for a sufficient time and distance
over the ocean creates waves. These waves
leave the area of generation and can travel
hundreds or thousands of miles as swell.
When they reach land, the waves shorten
and gow in height, impacting FSM as surf.
Image courtesy of Byron Inouye at the
University of Hawa¥

Ocean swell and waves are listed as a hazard for the FSM because the islands are
susceptible to flooding due to the low elevations. Any significant swell or wave activity
coupled with periodic King Tides, and future deeel rise will cause significant flood
damage (Figure-23).
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Figure 213. Example of ocean water entering a
house during the December-38, 2021
inundation event. Thievent wasdue tothe
combination ofKing Tids, largeocean swell
from a stormsystemnear the Marshall Islands
and a tropical cyclone west of Guarithe house
islocatedin Losap Island in the uppeMortlocks
section of Chuuk. Photo Courtesy of Crystal
Angela Sandkichy.

Residents should adjust or adapt to increased flooding risk over time. Options to conside
are covered in Part 4 of thendbook. Setevel rise will also serve to increase flooding
risk and frequency, and is covered in Section 2.dliamate change.

2.3.3 El Nino Southern Oscillation ENSO

The EINfio Sout hern Oscillatiemodr i EN&OCc( p ma
that can affect the weather patterns throughout the world. In the FSM, ENSO can
influence temperature, rainfall and even tropical cyclone frequency. ENSO has three
conditions, 1) ENifio (Figure 214), 2) La Niia (Figure 215) and 3) a neutral condition
which is in between the two extremes.
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Figure 214 ¢ This Figure shows the
difference in average ocean temperature
with warmer waters in red and cooler in
blue. During El Nio, low level surface
winds along the equator, which normally
blow from east to west, weaken and may
even blow from west to east. This results in
warming of the ocean temperatures in the
central and eastern Pacifiiseen as red, or
above normal temperatures, in the Figure)
The result can be an increase in tropical
cyclone activity since warm waters in the
central and eastern Pacific are favorable fo
the formation of tropical cyclones, which
can then travel west to threaterthe FSM El
Nifio may impactthe FSM with increased

Difference from average temperature (°F)

-9 0 9

temperatures, less rainfall, and more

drought. From NOAA Climate.g@MWhat is the El Nio-Southern Oscillation in a nutshell?
What is the EI NifgSouthern Oscillation (ENSQ) in a nutshell? | NOAA Climate.gov

Difference from average temperature (°F)

-9 0 9

Figure 215 ¢ At the extreme opposite is La
Nifia. In this condition, easterly winds
along the equator are even stronger. This
results in cooler sea surface temperatures
in the Central andEastern Pacificdepicted
in blue. Cooler waters result ifess tropical
cyclone activity. FSM may also experience
lower temperatures, more rainfall and less
drought. From NOAA Climate.gov.
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Every 27 years, the conditions in the Pacific are likely to oscillate between El Nifio,
Neutral and La Nifiawhich is termed&ENSO. With these changes, the patterns of rainfall,
drought, flooding and tropical cyclone activity will be impacted. At any given time, it is
possible to look up the current ENSO condition at the El Nino/Southern Oscillation
(ENSO) Diagnostic Discussiat the NOAA National Weather Service Climate
Prediction CenterGlimate Prediction Center: ENSO Diagnostic Discussion (noag.gov)

Rainfall can cause flooding even away from coastal or stream areas. All that is needed i
a localized topographic low where water can collect. A good way to determine your risk
of flooding is to observe or determine if an area has flooded in the pastariéais

prone to flooding, the risk would increase during the heavy rains of a tropical cyclone
(tropical depression, tropical storm or typhoon), or during periods of fiawhen
precipitation amounts tend to be higher.

2.4 Climate Change in the FSM

Climate change i s associated with the g
oceans through the buildup of greenhouse gases. Atmospheric concentration of carbon
dioxide, a key greenhouse gas, has increased by abpeteénhtsince the industrial
revolution and is higher than in any levels measured in ice cores that date back 800,000
years, and, based on other data, perhaps higher than any time in the past 4.6 million
years.

There are many hazards that are directly or indirectly related to climate change. The mo:s
important ones that are covered in this section includéeseérise, drought, wildfire,
extreme heat and erosion.

2.4.1 Sed_evel Rise

Rising sea levels due to the thermal expansion of water and the melting of glaciers and
ice sheets is associated with the warming Edittlere has been historical seael rise

and projections are that the rise will accelerate in the future due to the rapid build up of
greenhouse gases from the burning of fossil fuelsl&@hrise is measured by satellite
and tide gauges (Figurelb).
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https://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/ensodisc.shtml

CCAR Altimetry and Tide Gauge Explorer ( Flgure 216 Sea]evel r|Se da.ta from

T:rend: 0.44 cm/yr  0.52 cmiyr 1993 to 2020 for anpel
Annual Amplitude: 3.94 cm 3.28 cm .
Semi-Annual Amp.: 264cm 258 cm Measurements from satellite data
Alllmetry(69167N 158.2500° E)vs TldeGauge(Pohnpel) are in b|ue and from t|de gauges in

brown. Thedashedtrend lines are in
close agreementand both show

. ket | 2 b . i’ﬁk ; l 4 .. | sealevelis increasing with timeThe
T %S*.-\ LYY i%u 5‘,_ &l Ll . .
of 4 SWems § R ORI R ARTEY | trend isa rise of.52 cm/year or 2

€
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g 1g oo St $45 2 4 i b 3 X
2 -,-‘;‘;ﬁ?'ﬂ, : % 3 4@ i -‘é:.f : + | inches per decade. Data can be
5 th b L e . B H
ol GE g - obtained online at:The Sea Level
2 g : Explorer (colorado.eduyvhich is run

ot
“os7 Teos 7ems 7995 2000 2002 204 2006 2008 2010 2012

% by the University of Colorado
MMWMW”W‘{F Boulder, University of Hawaii Sea
wz s e wm mo e we me we mo a2 mw s we me| LEVEI Center and NASA Jet
Propulsion Lab.

While 2 inches of sekevel rise per decade may not seem like much, this is far from the
truth for the following reasons:

1) The rate of rise is expected to accelerate with a projected rise by 2050 of 1 foot ot
4 inches per decade.

2) The low elevations and gentle slopes of the coastline in the FSM will magnify the
extent of inland inundation.

3) Since wind generated wave heights are depth limited, an increase of 1 foot in
water levels can lead to f6éot higher water heights when wave heights are
added on top.

4) Combining King Tides, sekevel rise and ocean swell with incoming waves, the
low-lying coastlines of the FSM will be at greater flood and inundation risk in the
future. This could lead to more frequent and severe inundation events and
resultant propertyamage.

To the extent possible, efforts to reduce this damage will be addressed in Part 4.
2.4.2 Drought

Drought conditions are associated with prolonged periods of abnormally low rainfall.

This can lead to loss of water supply, damage to crops, food shortages, economic loss,

damage to terrestrial and aquatic wildlife and wildfires. Current drought rikle IRSM
can be obtained using the U.S. Drought Monitor (Figui& R
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Figure 217. With the U.S. Drought Monitor, residents dfie FSMcanfind their drought risk
(seeU.S. Affiliated Pacific Islands (USAPI) | U.S. Drought Monitor (unl.edijis information

is also available on the National Weather Service webpaDeo(ught Information Statement
(weather.gov). D1 to D4 are four levels of increasing drought conditions. From this snapshot
for May 7, 2024 that was released on May 9, there are exceptional drought conditions in Yap
and Ulithi (D4) Woleaihas moderate droughtD1), and Chuuk Lagoois abnormally dry (DO).
This assessment is updated on a weekly basise NWS on Guam issues aviekly Drought
Information Statement providing a detailed discussion, outlook and impacts to islands
experiencing D2 drought or worse.

Climate change is expected to increase the drought risk. As carbon dioxide builds up in
the atmosphere, the Earth warms and the average annual temperature for FSM increase
Data from Pohnpei from 1953 to 2009 show an increasing warming trend. See the report
Al nternational Cli mate Change Adaption
temperature, the amount of annual rainfall in Pohnpei has decreased (Fi)re 2
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Lower rainfall over a longerm period will result in an increase in the frequency and
severity of drought condition®Vhen there is a drought, there is a need for access to safe
water and food. During a drought, people in affected areas are more likely to drink
brackish water, which can cause stomach and other health problems. The problems with
brackish water will increasas sea levels rise. In addition, inundation over low lying land
areas can contaminate any water drinking with groundwater.

2.5 Coastal Erosion

In the FSM, there are high islands with a core composed of volcanic materials and a
fringing reef. There are also low islands or atolls, that once had a volcanic core, but
whose base has sunk below sea level and now consists of a ring of coral reefseFor e
the volcanic islands or the reef atolls, sediment from the reef is washed inland to form
beaches, and narrow ridges where development may have taken place.

Coral eefislands are naturally dynamic features, with their shorelinemoving

because othangesto the physical and biological environment. Reefislands are made

up of sediment that is generated by the breakdown of living material on the adjacent
reef.Coastal processes include physical and biological mechanisms that operate along a
coastline, bringing about various combinations of sediment transport, erosion, and
deposition. Physical and biological processes will determine whether a coastal sector is
eroding (Figure 219).
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Figure 219. Some physical coastal
processes include wind, waves,
currents, tides, temperature, and sea
level. They continually drive the
sediment produced via biological
processes and result in sediment
movement that builds and erodes
islands. Marine deposition on
geological timescales and terrestrial
deposition from episodic flooding are
the overriding largescale processes
= that determine where sediment
accumulates over time.

PHYSICAL PROCESSES
WIND, WAVES, TIDE, TEMPERATURE AND
SEALEVEL ALL CONTROL BIOLOGIGAL
PROCESSES AND MOVEMENT OF SEDIMENT

Fig. 4.4.1 Coastal Processes on Coral Atolls
(from Ford 2013, p2)

Tides allow higher waves to reach the island at high tide. Island morphology shows that
the highest elevation of an atoll island is on the ocean side berm (ridge), which is made
up of coarse coral sediment and larger shingles (Figd®.2.agoon shorelgs are

exposed to smaller waves, resulting in smaller berms made up of fine sediment.

-

Ocean Side Ridge -

Figure 220. The ridges of an atoll serve the important function of protecting inland areas from
wave inundation and flooding. Thus, they should be maintained and enhanced if possible.

Reef structure plays an important role in the shoreline of the FSM. This is because reef
width and elevation made up of rugged corals determine how much wave energy reaches
the shoreline. Under stable sea level conditions, a healthy coral reef will eotatinu
generate sediment that may be added to the island. Conversely, an unhealthy reef may n
be able to sustain a continuous supply of sediment. Notwithstanding the impacts of coral
bleaching and acidification, a healthy reef may also be able to growdgpassea level

rises, contributing to adaptation and resilience to the effects of climate change (Ford
2013, p2).

The biological processes on a reef can be significantly degraded on developed shoreline
and by nearshore herbivore fishing pressure in proximity to an urban center. This can
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result in physical processes that are likely more eroding rather than depositing sediment
from biological processes over time.

With any beach, there is the natural process of erosion (see Section 2.1) where more
sediment leaves a coastal segment then is deposited. This can occur during a storm,
tropical cyclone, or just a change in wave direction moving sand away from an area.
Erosion is also exacerbated by high tides, high waves addsaaise. Over time,
buildings or houses placed too close to the shore can be threatened or undditneined.
best way to deal with this problem is to plan for erosion and create a buffer to allow for
shortterm and longerm changes in the beach. Some best practices to deal with this
problem are found in Part 4 of thandbook.

2.6 Tsunami Hazards

This section was written with the help of Dr. Laura Kong of the International Tsunami
Information Center. Tsunamis are large surface waves caused by a major disturbance in
the ocean such as a submarine earthquake, underwater landslide, volcanic eruption or
meteor impact. By far, the most likely cause for tsunamis in the Pacific will be from an
earthquake associated with the major subduction zones around the Pacific (RA@ure 2
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Observations (sea level stations):

Yap (10 obs): 0.02 - 0.2 m (2011 Japan)
Chuuk (13 obs): 0.03 - 0.3 m (1960 Chile)
Pohnpei (3 obs): 0.02 m

Yap.FSM  Guam
N\ Chuuk, FS

' 5
Koror, ROP  Pohr

-
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Figure 221. Around the Pacific Rim are a series of trench systems markegrbgnlines

where the ocean floor sinks undeahe overlying crust. Sudden movement at these trench
systems caussubduction zonesarthquakes, and if large enough, thgeneration of a tsunami

by the displacement of large volumes of watdfrom 18492020, earthquakes around the

Pacific Rim that caused tsunamis in FSM are marked by yellow dots. Tsunamis were observed
for all States as indicated by the orange boxes. The most signifiexents were the 2011

Japan tsunami which caused an approxima&enchwave observed in Yap and the 1960 Chile
event, causing an approximate 1 foot wave in Chuuk. Data courtesy of Dr. Laura &ong
International Tsunami Information Center.

American Samoa
Pago Pago

-

Tsunamis are most destructive for coastal areas when the ocean waves encounter a
shallow offshore profile. As the waves approach shalloatex they slow down and

grow in height. For example, in Japan the wave grew over 33 feet. For Pacific Atolls, the
shoaling effect is much less because instead of a gently sloping continental shelf, there i
a steep drop off outside of the fringing reefreef crest of the atoll.
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Because of the offshore profile at FSM, the waves never have an opportunity to grow
significantly in height. Yet this should not lead to tsunami complacency as: i) even a
threefoot wave can cause significant damage, and ii) there are many scenarios that FSV
has not experienced historically that could conceivably cause a damaging wave. The
volcano in Tonga in January of 2022 is an example of a potential tsunami causing event
that FSM has not experienced in recent historic times (see Figiite 2

Figure 222. Satellite image of the volcano | &=
in Tonga in January of 2022. Photo e
courtesy of NASA. This underwater volcan(
triggered a tsunami warning in Alaska and .’\f :
California, but because of the steep g
seafloor off the FSM island chain, no
tsunami was anticipated, and nwarning
was called. A slight tsunami pulse of a few
inches may have been observed.

-

To date, the impact of tsunami hazards In

FSM has been minor, with maximum amplitude wave height of 1 foot. Still more work is
needed on evacuation planning as there is potential of greater impacts as indicated by

modeling of more than 1,000 subduction zone locations around the Pacific withHgossib

heights of up to 9 feet (FigureZ3).

Figure 223. Modeling of a
hypothetical Magnitude 8.0
Earthquake off the New Ireland
subduction zone off Papua, New
Pelygon Guinea. The wave reachéke
poivee || FSMin under 2 hours with a
height of 3-9 feet A larger
magnitude earthquake is also
possible, leading to potentially
larger coastal wave heights.
Figure from the Tsunami Coastal
Assessment Tool from the

International Tsunami Information Center.

A tsunami ofone footor more can be dangerqasd ovethree feetan be very

damaging. Even though tsunami impacts have not been great in FSM historically, the ris|
is still present as shown in Figure23 and needs to be planned for. FSM should plan for
potentially greater tsunami impacts in terms of coastal wavétseagd the possibility
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that an earthquake off the Yap Trench could leave little warning time. Residents should
thus plan for a distant and a local tsunami. Every State in FSM should be Tsunami Read
and this means knowing where to go for a potentially damaging tsuflsiwill be

covered in Part 3 of tHeandbook on emergency /evacuation planning.

2.7 Earthquake Hazards

Earthquake risk in thESM s related to the proximity to major earthquake faults. The
FSM is close to the Mariana Trench and Yap Trench, where the Pacific Plate is being
thrust under the Philippine Sea Plate (Figu42.

Figure 224. Earthquakes occur e o o W B N P
where the Pacific Plate subducts : (o1l X\ ' ‘
under the Philippine Plate at the
Yap Trench. The red dots indicate |
shallow earthquakes that are less |
than 69 km (<42.8 miles). The

AR aes B

FEOERATED STATES

green dots represent deeper lAu}g\i;_?____-'”’: e e | |
earthquakes and are located tde "4;3’57’“" o A ] )
north of the Yap Trench, along the |& | PA?'F' C PLALE =

Mariana Trench. Seismic risk is B o R euLatline wisl) Ve o7

greatest for the islands closestto | = =~ e : "‘ ‘ -

these Trench Systems such as Yap.

Earthquakes in the FSM have three potential hazards that residents should consider. Fir:
there is the shaking of the Earth itself, with the potential for property damage, or
loosening of building materials from above which can cause personal injury.aflso
earthquake could potentially trigger landslides, although the majority of landslides in the
FSM have been associated with high rainfall events (see Section 2.2). Finally, a local
earthquake could cause a local tsunami (Section 2.6). All of theseahhreats will

require residents to know how to react in order to protect their family and property.

2.8 Hazard Summary

TheFSM hasa diverse and unique suite of hazard characteristics. Understanding these
hazards will determine what must be considered in later sections battdbook. The
major findings are summarized below.

1. Tropical Cyclone Risk Probably the greatest threat is that of tropical cyclones.
At first glance, the risk to the eastetates of Kosrae and Pohnpei is less than for
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Chuuk and Yap. However, when historical events are considered, all islands have
suffered significant tropical cyclone casualties from: 1) storm surge and/or wave
inundation, 2) flooding and 3) wind. Thus, all three processes will have to be
accounted forn creating emergency/evacuation plans as well as home
strengthening.

. Concurrent Landslide RiskMany of the major landslides in ti#SM that

involved casualties are associated with tropical cyclone rainfall impacts. This
creates an emergency/evacuation planning challenge. For a tropical cyclone,
conventional wisdom is to go to high ground (away from high surf) and stay in a
wind and rain restant structure. This could contradict guidance for a landslide,
which is to avoid high steep areas. It is anticipated that careful planning with
residents and emergency managers veltdquired to find the safest locations to
address the dual threat of tropical cyclone and landslide risk.

Increasing Flooding Risk from Coastal Inundatiofhe risk of flooding is

associated with many factors such as tropical cyclone activity, near and far storm
events, King Tides and erosion. Sewel rise will increase that risk for two

reasons: i) higher water levels will tend to cause shoreline arasid make

coastal structures more vulnerable, and ii) allow higher waves to reach the
shoreline. These impacts will become more evident over time. Early warning
signs of vulnerable areas may be shown by irsg the locations most impacted
during King Tide events.

Increased Drought With climate change, the trend is for warmer temperatures
and less rainfall. This combined with the increased risk of inundation will put
more stress on water and food supplies.

. Tsunami and Earthquake Hazaiddistorically, severe tsunami and earthquake
events have not impacted the FSM. Still, it would be wise to plan for these events
due to the proximity to major fault systems such as the Mariana, Yap and New
Guinea Trenches. It should be noted that sontlkeeoimost recent extreme events
such as the 2004 Indian Ocean Tsunami or 2011 Japan Tsunami were caused by
the buildup of stress on fault boundaries locked up over many hundreds of years.
So, it is possible that for tsunami@arthquake risk, the lack of a major event in
The FSM does not mean t.here wonoét be
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PART 3
PROTECTING YOURSELF AND YOUR FAMILY

This part of the handbook covers protecting yourself and your family from natural
hazards. It is important that your house has emergency supplies, an evacuation kit, and
evacuation plan for a tsunami, typhoon, landslide, or flood. This is importaatdsethe
FSM, being at or close to sea level, is very susceptible to wave inundation and flooding
which can threaten life and property. If there is any one section of the book vital to
families, it is Section 3.3 on having an evacuation plan.

3.1 Emergency Supplies

Emergency supplies will be needed during a major event such as a typhoon, and even fo
smaller event, such as a power outage or flood. Plan to have sufficient supplies to last for
seven days. Gather your emergency supplies now and check them everyonnoalie

sure they are in good condition. Expiration dates can be marked on the packaging in largs
letters with a black permanent ink pen. Do not keep expired supplies. Here is a list of
emergency supplies, many of which you can get at your local hardwngirecery store

(see Table 4).

Table 3-1 Emergency Supplies Checklist

Item Picture Comment

Portable radio Important to receive emergency instructions
with extralong from government officials. See information
life batteries in the table below for applicable emergency
radio stations for eachiate. Carry spare batterig
To prevent corrosion, store batterinoriginal
packaging until ready to be used. Another
alternative to batteries is a radio with

a builtin wind-up generator.
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Portable
flashlight

with extralong
life batteries

Flashlights with light emitting diodes (LEDs) u
very little energy and thus will last much longe
on a set of batteries. To prevent corrosion,
store batteries in original packaging until
ready to be used.

Firstaid kit

Comes in many different sizes. Antibiotic
cream in the firstid kit is an important
accessory.

List and supply

Special medications may not be readily availa

of special during and after an emergency. Keep at least
medications two-week supply of prescription medication,
(prescription that are not expired.

and other)

Supply of A two-week supply is recommended for familig

nonperishable
food

and infants Also, include food for your pet and
a manual can opener.

Water &
storage
containers

Two-weeksupply of wateil other than what

is in your catchment system. A good estimate
is two gallons per person per day for drinking
cooking, and personal hygiene. Storage
containers are available at your local hardwar
store. You can also store water for hygiene us
(in bathtubs, coolers, rubbish containers,
buckets, and washing machines). Store
drinking water in a container with a lid and
tap to prevent contamination. Also maintain
and secure your water catchment system
during a typhoon (see Part 4).

Portable stove
or grill

Household electricity and gas lines may not
function during and after an emergency.
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Charcoal, Also have matches and a lighter. Wood can b

propane, fuel and stored under a tarp, ideally elevated.

stove fuel, Wood should be preciitnot during or after an

firewood event when the wood is wet.

Machete Can be used to cut firewood, clear brush, or
open coconuts for food and drink.

Chain Saw A mini or full size chain saw can be used to cl

fallen trees and branches in roadways and lim
that have fallen on a house. A gas chainsaw is
powerful and cuts more wood, but requires fue
storage. An electric chainsaw is convenient, b
the number otuts is limited by battery power

supply.

Sledge hamme

A sledgehammer can be useful when building
materials have collapsed and it is necessary t
create emergency access either into or out of
structure.

Fire
extinguisher

Flooding of electrical circuits can cause spark
and start a fire. During a drought, fire risk is
increased. A multipurpose ABC extinguisher is
good for home use. Class Wood, Paper;
Class Bi flammable liquids; and Class’iC
Electrical.

Disposable
plates, eating
and kitchen
utensils

Water for cleaning dishes may be in short
supply during and after an emergency.
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Sanitation
supplies

Toilet paper, buckets, and cleaning materials
are needed to prevent transmission of water
borne diseases. Bleach or water treatment
tablets can be used to purify water for drinking
postemergency.

Tarp

During high wind events there is often much
roof damage. The tarps are commonly used tc
cover the roofs that are damaged and provide
temporary shelter.

Rope

Rope is very useful for numerous purposes
such as tying down tarps, creating emergency
lifelines, etc. Consider other tools and supplie
to secure your home.

Life preservers

Adult or child. With rope you can create a
lifeline for small inundation events as a last
resort. Do not use for a tsunami due to water
borne debrisSee discussion later in this sectio

Garbage bags

>“Cinchsak

Very useful for cleanup after an event to
remove debris and water saturated porous
materials to prevent mold.
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Alternate powel &

supplies

During an emergency or power outage, you
may need to rely on alternative sources of
power (e.g., generators, inverters, power
stations, and battery chargers). Check your
local hardware store. A growing trend is the
use of solar powered battery inverters. This cg
negate the need for gasoline and reduce the r
of carbon monoxide poisoning.

Cell phone and
landline phone

Cell phone networks may be overloaded durin
a hazard. Cordless phones with a base statior|
will not work without electricity. If you rely on
a cordless phone, get an alternate power sour
Otherwise, have a corded phone that does no
use electricityUse phones only in an
emergency.

Whistle or siren

A whistle, alarm horn, or siren can be used to
call for help, or alert neighbors of an emergen
such as an impending tsunami or typhoon.

Spare cash

In a power outage, ATMs will not work, and
banks will be closed. Purchases by credit or
debit card may not be possible in an emergen
because of lack of communication for card
verification.

Camera

Document the condition of the house (inside
and outside) as well as household items befor|
and after an event. This will create a photo
inventory. Most smartphones have built in
cameras.

Important
Documents

Documents such as family emergency contacl
information, passports, birth certificates,
insurance information, property deeds or map
of the area can be kept in waterproof docume
holders.
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Emergency Supplies Checklist

For canned goods, mark expiration dates with a big magic marker and put items that nee
to be used first at the top of the supply pile. Begin to consume the supplies one year to s
months before expiration and replace them with fresh supplies. Use sutppligour

family enjoys using during good weather conditions, so that the items will eventually be
consumed before expiration.

Work with your local hardware stores for the supplies that best fit your needs. If it is not
possible to obtain all the supplies listed because of costs or space, work with your
neighbors (friends or relatives) to find out what is available in your as¢@din be used

as a shared resource. For example, not all homes may need, or have access to a chain
saw. However, it may be important to have one readily available that you can borrow
from a neighbor.

3.2 Evacuation Kit

Due to a typhoon, tsunami, landslide, or earthquake, it may be necessary to leave your
home quickly and go to a shelt&he government and relief organizations are likely to
provide emergency relief supplies but will target the most vulnerable groups and those

mostimpacted. t i s everyoneds responsibility t
Also, if you are on one dhe outer islands, outside assistance will take time to reach you.

For the above reasons, it is helpful to have your own evacuation kit. This will provide
reassurance that you have your own supplies during an emergency, because outside
assistance may not be available until well afterwards.

The evacuation kit is different from your household emergency supplies. This kit is what
you take with you when you evacuate your house to go to a designated shelter. Because
may be needed very quickly, the kit is usually in a portable plastic boxecbtrash
container, camping backpack or a duffle bag and packed well before an emergency. Plai
to have sufficient supplies to last for three days. Store the kit in a convenient place know
to all family members.
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Figure 31. Hygiene and wash kits such as from IOM and USA r
may be available after an emergency. Depending on the ol
situation, sometimes these kits are distributed before an
emergency. The kits commonly include water containers, soaj
liquid bleach, cleanig towels, gloves, toothbrush and
toothpaste and a nail cutter. Wash and dignity kits from UNICE
may also be available, depending on location. It may still be
useful to have your own evacuation kit with supplies. Commo
items in your evacuation kit are listed below. The advantage of having your own kit is that you
Oty Odzad2YAT S Al G2 @2dzNJ 26y Tl YAfteQa ySSRa
only after an emergency, but before or during as well

Common items in your evacuation kit can include:

A Two gallons of pot abl-éaysupply)eGhangegyour per s
supply every six months so it stays fresh.

A Npenshable food (threday supply), special dietary foods. Rotate every six months,
or as needed so it stays fresh.

AKitchen utensils and can opener

A Required medi-weaksupplys mofed medicatiafeniation with a
list of directions, important documents, mobility devices or other special considerations
for persons with disabilities. Ask your physician or pharmacist about storing
medications.

ABoard games and toys for children, books for adults

A Portable flashlight and radio, with s

A FRaidrkis (tan be smaller than the one used for household emergency supplies)

A Disposable plates and kitchen utensil

A Prescription eyewear

APersonal hygiene items for family such as toothbrush, toothpaste,
toilet paper, diapers, soap, shampoo, body oil (coconut), sanitary napkins, and comb

A Change of <clothes, under wear, and tow

A Pillows, Dblankets, and a mat

AKeep items in airtight plastic bags or a waterproof container.
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Analyze your family needs, emergency supplies, evacuation kit, and evacuation plan eac
year and make necessary adjustments. There is a fine line between bringing too many
supplies that overload the shelter space and not bringing enough. If you goltera she
keep in mind there could be very limited space, so bring only what is recommended on
this list or by government officials.

3.3 Evacuation Planning

An important part of this handbook deals with evacuation planning. This section is the
most important section for homeowners in this handbook.

TheFSM consists of 607 islands of which 61 are inhabtte@he islands vary in

topography from lowying atoll islets (typically forested islets on or near atoll rims or

within lagoons) found in Yap, Chuuk, and Pohnpei, to densely vegetated, eroded volcanic
peaks of over 500 feet elevation. Given this wide vianah geology and topography,

there are many competing factors to consider when creating evacuation plans. Low lying
atolls and islands are subject to wave inundation and flooding from typhoons, tsunamis,
and swells from distant storms (see Part 2). glands with significant elevation, these
coastal risks may only be present around the perimeter of the islands. However, the
increased topography and elevation creates a risk of landslides which have caused many
casualties in FSM. For the high islands (eGhuuk with an elevation of 1,453 feet, or
Pohnpei with an elevation of 2,566 feet), a balance must be found between moving away
from the coast to avoid water inundation and moving away from the mountains (towards
the coast) to reduce landslide riskstiBbazards could be caused by the same event such
as a typhoon.

In emergency management, we plan for the worst and hope for the best. Hopefully, a
damaging tsunami or typhoon will not occHiowever,from Part 2 of this book, we know

that they are possible in the region and we must plan for these extreme events, otherwise
many lives may be lost.
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Because of limited access to the FSM and the many inhabited islands which could not be
surveyed, specific guidance on the places to shelter could not be given for this version of
the handbook. However, general guidance on the types of buildings whiclersaidble

for a shelter are provided. This will allow the introductionahge general principles to

help determine the strength of buildings and therefore their suitability as sheltessat&€he
disastemplans have identified the schools as the defdtuation centers except for those
schools near the ocean, where alternative evacuation sites like churches were identified.

Inthissecti on, we cover fAWhat is an ideal e
not all islands in FSM could be examined or even all buildings in a stadéeldeally a

full structural assessment of all buildings used for shelter should take place. Because this
was not possibldjomeowners and residents are encouraged to work with local emergency
managers in each FS#thte to help them create their own evacuation plan with suitable
places to shelter. The information provided here can helpt ypgestarted. Resources for
this section include: (i) Homeowner ds H:
Republic of the Marshall Islandigtps://seagrant.soest.hawaii.eduw/wp
content/uploads/2021/02/FINARMI-HomeownersHandbok.pd&nd (ii)

the FEMA Sheltein-Place document:
https://www.fema.gov/sites/default/files/documents/fema_shiglpltace_guidance.pdf

which is a pictogram.

3.3.1 Key Features for an ldeal Emergency Shelter

Not all shelters in FSM will be ideal. Yet because of a potential emergency that could happe
tomorrow, characteristics of an ideal shelter are described. This will allow government
officials and residents to identify structures that might provide adepuadéetion during a
tsunami or typhoon. In addition, deficiencies can be identified. Then continual improvements
can be made to reach the ideal level of preparedness as quickly as possible.

It is suggested that all new buildings, whether they be for education, a government purpose
commercial use, follow the guidelines in this report. It is also possible to createvawin
situation by having all new buildings serve a dual use, one fputipese as intended and
second as an emergency shelter.
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Let 6 s Dbteeghamctevistiosf buildings we are looking for as shown in Figure&td

3-15. An important characteristic, for islands with low elevation such as an atoll, or for a high
island with a building near the water, a shelter should be tall enough to provide an accessibl
floor above the anticipated flood elevation (Figu®).3Buildings should have at least two
floors, with adequate shelter space on the second or higher floors. They should be built usin
a strong structural system suchr@iaforced concrete or structural steel. This will help

prevent inundation from a storm, typhoon, or tsunami. For high islands with buildings
located away from the coast, this characteristic is not as important.

Figure 32. If the building is near the
water, only use it as a shelter if it is two
floors or more. All things being equal,
the taller the building the better. In this
example, a building with three stories
overlooks a building with two. The

higher the bulding, the more likely it

will be made of reinforced concrete, the
stronger the foundation and supporting
columns. For flooding, storm surge, or
tsunami threats, go to the highest level
of the building or onto the roof if
necessary. Do not go into spacedere you may be trapped by rising flood water. For high
wind, go to a small interior room with no windows. If the building is located on high ground,
the lower floors are suitable. If the building is not on high ground, but low ground, for example
on anatoll, there is a dual threat of storm surge and wind. In this case, go to the highest level
of the building and an interior room

Tall Buildings

Given the above, do not evacuate to the first floor of a building or your house for a
typhoon or strong tsunami if you are on low ground. This applies even if your single floor
house has been retrofitted with the measures in Part 4 of this book. Listéoi&b
instructions from your local emergency management agency as they will analyze the
hazard data and provide directions on who should evacuate where and when.
Communication is key. Planning beforehand is equally important.
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There are many suitable buildings away from the coastline, that have natural high
elevation. Here the risk from coastal flooding, wave inundation and storm surge are
reduced. These buildings would serve as good shelter during a typhoon or tsunami even
the building is not tall.

Figure 33. For buildings located on natural
high ground, there is no need for a tall

ﬁ;‘;ﬁ&‘r“’é’“’“&ﬁmu —————_<y building as one of the criteria for an ideal
011\1/]-1; § ety ON G oo ;
u R RN, ~ shelter. Other criteria, such as a strong wall,

2 . roof system and doors would still be

; _ . S e B important due to the threat of high wind.

: | One example is Xavier High School, in Chuuk
with strong concrete walls and metal doors.
The school is over 500 feet from the
shoreline and at an elevation of over 40

feet. Use USGS topographic maps to determine elevations of sites that can be coadidear
emergency use. In addition, the school is on a plateau with no high ground above, thus
reducing the risk of landslides.

Another important criterion is for the building to have a strong structural system. A
Concrete Moment Frame, described in Figure B structurally strong for both vertical
loads (gravity) and lateral loads (wind, seismic, and flowing water).
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Concrete Moment Frame Figure 34. A Concrete Moment Frame
has: (A) columns of concrete that are
reinforced with rebar and attached
rigidly at beamcolumn joints (B) to
reinforced concrete beams such as at (C)
and (D). Forces from high wind or fast
moving water are resisted byhe

strength of the beams and columns. For
example, forces in the direction of the
green arrow are resisted by beam (D), in
! the direction of the blue arrow by beam
(C), and in the direction of the red arrow by column (A). In addition, the lower floor ismpe
This allows water from a tsunami or typhoon to pass under the building without applying
large forces to the side to the structure. Many times, this type of open structure is used for
parking cars underneath the building.

It is also possible to have buildings with a Concrete Moment Frame and reinforced and
fully grouted Concrete Mas onH)yltisypossilleto i C
have buildings as well as residential houses built with this design. This wiltb@amon

style of residential housing in FSM (see Pairt3ection 4.4.1 and 4.4.2).

Figure 35. Many buildings that could be shelters may have a Concrete Moment Frqnvéh
columns (A), beams (B), and colunimeam joints (C). They also have CMU blocks on the 1st
and 2nd floors as infill (D). While it is
preferable that the first floor be open air
as in Figure 3, this is still a strong
structure if well maintained because of
the concrete moment frame. The need for
an openair structure, such as in Figure 3
4, isnot as important if the structure is
located away from the coast and on Hig
ground

Concrete Moment Frame with CMU Block Infill
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Many buildings, including many houses in FSM are built with this design (see Part 4 of
this booki Figure 41). However, houses should not be used for shelter for a strong
tsunami or typhoon due to flood risk if they lack elevation (e.g., on an atolaothee
shoreline). If they are located on a high island away from coastal inundation threats, ther
these houses would be suitable for shelter if they have a strong roof, walls and opening
protection on doors and windows.

There are also buildings with reinforced solid grouted CMU block walls and no Concrete
Moment Frame (Figure-8). These buildings can be used as a shelter if well maintained
although they are not as strong as buildings with a concrete moment frame.

Figure 36. The building on CMU Block Building vs. Concrete Moment

the right has a Concrete Frame with CMU Block Infill
Moment Frame as shown by

the blue columns and -
beams and CMU block infill. s -
Compare that with the '
building on the left with
only CMU block walls. The
building on the right is
stronger because of the
Concree Moment Frame

In addition to a strong structural system to resist lateral loads, the shelter building
should have a structuralound roof system to prevent uplift or damage to the roof due
to high winds during a typhoon. The structural factors required for a souihareoo

good condition roofing that is well attached to the roof framing members (Figire 3
strong roof trusses (Figure8) or roof beams with rafters (Figuredy; and a strong
connection of the roof framing to the supporting columns, beams, or Wétls o

building (Figure 310).
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w Figure 37. This building has many of the

\ criteria looked for in a shelter. Note
N T corrugated metal roof with sufficient

. fasteners and large washers to hold the
metal roofing down during high wind
events. In this case, the fasteners are
screws with an umbrdh head washer to
securely attach the metal roof. The
fasteners should be welembedded into
the supporting roof trusses, rafters, or
purlins. Strong fasteners are important and depending on roof type, ring shank nails and/or
screws could be used. When csidering new metal roofing, look for a certified wind rating
FYR YIF1S &4dz2NB GKS NR2FAy3I A& AyadlrttSR (2 Y

Figure 38. The roof trusses should be
engineered and premanufactured. This will
be standard in newer government buildings,
especially schools. It will not be for older
buildings. This photo shows a typical roof
truss that allows long spans because the
angled web design provides strength. The
web members form a triangular shape and
are attached to the top chord and bottom
chord of the truss, allowing weight
distribution to the supporting walls
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Figure 39. This roof truss is connected to

| the CMU column with a bolted plate

“~ embedded in the column to prevent roof
uplift during strong winds. Connection of
roof trusses to the walls, beams, or columns
is also important for residential houses and
is cowered in Part4.

Figure 310. Another strong roof

design is to have a ridge beam (A) Another Strong

attached with steel connectors to large R‘I;?;A“;’ native
. - Ridge Beam

sloping rafters (B) (top left photo). The with Large

rafters go from the ridge of the roof to
the top of the exterior wall. The
sloping rafter (C) connects ta
horizontal beam (D) with a steel plate
(bottom right photo). The beam is
connected to the concrete column (E)
with another steel connector. Each
element of the roof frame must be
strongly attached to other roof
members

Sloping Rafters

During a typhoon there will be a considerable amount of flying debris carried by high
winds. It is important that this debris does not break any of the doors or windows at the
shelter, otherwise wind will enter and add to the uplift pressure on thetradf.dlso

bring rain and flying debris into the shelter where it could injure occupants. Any room
that is used for a shelter should have a strong door and window protection so that wind,
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rain, and debris do not enter. Thus, the window protection such as those shown in Figure
3-11 to 314, and thestrong exterior metal door shown in Figuré3

. Figure 311. This screen is made of strong
aluminum bars in both directions and is
attached to the CMU or concrete walls with
embedded anchor bolts. The louver behind
the screen can still be struck by small flying
gravel, so it should be made of shatterpod
glass, glass with protective laminate, or
aluminum slats for additional safety for those
inside. If a laminate is used, it must be
securely fastened to the frame. Protecting windows of a building is important to prevent
internal pressurization which catead to roof uplift. No wind, rain or flying debris should be
allowed inside the building because it can also harm the occupants

Figure 312. A security screen helps to prevent
breakage of the window by large debris. One thing
to consider is the size of the holes in the
protective screen. Compare Figuresl3 and 312.
The larger the screen holes, the greater the
potential for wind-borne debris to slip through

and break the windows. Behind the screen, the
window should be shatterproof and/or a
protective laminate added to the glass. Window
protection is needed for any room that is a shelter on the first, second and third floors. At
higher elevations, the threat of wineborne debris is less. Note the first floor would only be
suitable if the building is located away from the coast, due to the threat of water inundation

—
Q
——
\\\
—
—
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Figure 313 ¢ A strong form of window protection
is the aluminum louver slats at Lelu Elementary
School in Kosrae. Note the numerous metal bars
on the top, sides and middle of the window that
provide structural support and minimize the span
of the louvers.When the louvers are closed,
protection is provided from both small and large
wind-borne debris. When the windows are open,
ventilation is provided. The windows should be

- sized and placed so that under normal or most

~ conditions, cross ventilation is praded with

ample air flow so that the classrooms are cool for
the students. Comfort for the students, as well as
protection of the building envelope are equally
important design criteria

Figure 314 ¢ Another strong type of window

protection are the accordion shutters found at
Dalipebinaw Community School in Yap. Under normal
conditions, the shutters slide to the side so that the
window behind can provide a view and ventilation.
Again, tre design of all windows and typhoon
coverings should consider both protection and
ventilation to keep the classrooms comfortable for the = |
students. In this photo, workers clean the outside of ;
the building. Maintenance of all buildings and homes is
critical for the longterm use of a structure
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Figure 315. All exterior doors leading
to the shelter areas should be sturdy
metal or solid wood doors, with quality
hinges and door latches to secure the
shelter during high winds with
potential debris impacts

Other factors to consider when selecting a suitable shelter building relates to access to tl
shelter level (Figure-36), the condition or maintenance of the building (Figul& B
and access to restrooms and potable water (Figli8).3

Figure 316. A sturdy reinforceetoncrete F————um
building could have wood stairs to the
second floor. These are likely to be
damaged or washed away during heavy
wave inundation. Such contingencies
need to be planned for by having an
emergency ladder readily accsible on
the second floor. Note that the roof over
this upper landing is also likely to be
damaged or blown away during a
typhoon.
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Figure 317. A potential shelter must be
properly maintained. Here are examples
Missing Nut and of maintenance issues which could
Washer Attaching L
Column to weaken the structure. Top left missing
Foundation .

washer and nut attaching wafflerete
column to the foundation. Bottom right;
corrosion of hurricaneclips attaching roof
trusses to beam. As buildings get older,
maintenance becomes a bigger issue.
Corrosion is a big problem for buildings
near the coast. Stainless steel 316
fasteners if available should be used, or alternatively hot dipped galvanized &heaper, but
less protective alternative. See Part 4 of this book on dealing with corrosion. There are ways to
reduce the risk of corrosion for even hot dipped galvanized connectors

Examples of Poor Maintenance

Corrosion of
Hurricane Clips from
Beam to Truss

Figure 318. An ideal shelter will have toilet
facilities available on the same floor as the
shelter for men and women. This is
common in newer schools. Facilities should
be properly maintained and cleaned.
Hygiene and sanitary guidelines should be
in place, including the safe disposal of trash
and separation of drinking and wastewater.
Other comfort criteria include minimum
space standards such as 10 square feet pe
person. In an emergency, these space
criteria may be compromised in the interests

of accommodating more people in the shelters

Finally, no matter how strong a building, it will be of little use if it is not open during an
emergency. Thus, it is important that residents, local emergency managers &ateach

the WSO where shelters are located and the people managing them work together as one
This will require planning, education, preparation, and practice.

57



Plans need to include four key tasks or personnel: i) the evacuation center leader, ii) who
provides security of the center, iii) registration of the evacuees, and iv) who oversees

distribution of supplies (See International Office for Migration docuhéntMo d uil e 3
Evacuation Center Managemento). Plans st
conditions (Asunny skies planningo)

impending event. While plans need to be made before an event, commuongkey
during the event.

To summarize the key characteristics in an ideal shelter, refer to Fable 3

Table 3-2. Important Features for an Ideal Emergency Shelter

Criteria ‘ Comments

1.Tall Use the second floor or higher for low lying areas. The taller the building the better
building or in good condition. (Figure-2). For buildings on high ground, height is not as importe
high elevation| as strength of the building (Figure33.
2. Reinforced | Besti Beamcolumn moment frame with open lower floor for ldying areas (Figure-3
concrete 4); Goodi Moment frame with CMU infill on first and second floors (Figur&)3
Acceptablei CMU wallsi (solid grouted concrete and rebar fill the holes)
andunder 20 years old(Figure 36).
3. Tie down | Secure roofing material to the roof (usually plywood over the trusses or rafters) wit
roofing enough fasteners and large washers (Figufg 3
4. Roof The roof trusses should be preanufactured and engineered for uniformity and strengt
framing tied| (Figure 38). Roof trusses must be bolted to the supporting beams, columns or walls
down prevent liftoff during high wind events (Figure®. Alternatively, ridge beanand large
sloping rafters should be connected to walls, columns, or beams with steel metal cor]
(Figure 310).
5. Window Windows protected from debris impacts. The windows behind screens should be
protection | shatterproof or laminated (Figuresl® and 312). Or use sturdy protective coverings
such as aluminum louvers or accordion shutters (Figufeséhd 314). Design for
protectingagainst wineborne debris and circulation to keep room cool under normal
conditions.
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Criteria Comments

6. Sturdy The shelter doors should be made of metal or solid wood with quality latches and H
doors to prevent their opening in high wind (Figurel3).

7. Strong stairy Sturdy buildings could have exterior wood stairs to second floor. These can be was
away during inundation events. There should be a-bpoixit plan. (Figure-3.6)

8. Well Look for newer buildinqunder 20 years for CMU construction), no corrosion of
maintained | fasteners, and no missing connections (Figut&)3

9. Comfort In the shelter rooms there should be toilet facilities for men and women (Fidi#e 3
with proper hygiene and sanitary guidelines. ypical shelter space requires 10 squg
of space per person, but in an emergency this criterion may be compromised.

10. 24/7 During an emergendy the shelter spaces must be open. There must also be redund

Access in case the person who opens the building is not availab&reBhould be redundancie
in decisionmaking and communication since any break in delivering a key message
lead to the loss of life. Plans need to be made for key personnel to run the facility in t
leadership, registration, security, and d@istiion of supplies.

These features are important for two reasons. First, not all buildings could be examined |
FSM due to Covid restrictions and the sheer number of inhabited islands in the FSM.
Government building officials, and all residents should use this list to exaotestial

sites. With this list, government officials and those knowledgeable about building
practices can spot key features and make their own evaluations for other buildings on
other islands. Also, many of the features are obvious and therefore merihers
community can also help to spot strong buildings and see those that need additional wor
If there are any questions, they can be raised in advance with government officials and
building owners and/or operators that oversee the shelters.

As will be shown in Part 4, many of the key criteria in TabR&pply to homes as well.
This includes having a concrete structure, securing the roof, window and opening
protection and maintenance. If the house is away from the coast and not thregtened b
wave and storm surge inundation, it could conceivably be used for shitligistrong
enough for the wind
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3.3.2 Creating Emergency/Evacuation Plans

To help in the development of personal emergency/evacuation plans, here are some thing
to consider using the material from Parts 2 and 3 of this book.

1)

2)

3)

4)

5)

Work with yourdisastercoordinatingofficer (DCO) for eaclstate to help you plan
for all the scenarios. There are many variables. Many of the choices will be
personal also.

Stay in touch. Have the proper supplies (phone, radio, etc.) to receive emergency
alerts. Know how to receive emergency alerts (next section) and sign up.

Plan ahead of time. The best time to create your emergency/evacuation plan is nov
during sunny skies and good weather, when you may be least inclined to do so.
The worst time is during an emergency alert when you will not have time to collect
important nformation to make a sound decisi®esidents can do their part by
planning for a hazard with their emergency supplies and evacuation kits. They
should become familiar with the building features summarized in Tabld ey

can ask government officials avell as school principals what buildings will be

open during an emergency as well as what hacthere is if a key person

designated to open the shelter is off island.

Know yourneighbors. During an emergency or hazard your best friend and often
first responder is likely to be your neighbors. Plan to help each other by sharing
emergency alerts, preparation measures, supplies and resources. It is important to
stay connected inth@eanmuni ty as the Acoconut wir
communication method in FSM.

Know your risk for every potential hazard. For some areas, and for some hazards,
there may be specific resources in Part 2 of this book which will allow you to look
up your risk. From Part 2, consider the following:
i Flooding Risk
I Coastalflooding for low lying areas on an atoll or high island can be
associated with storm surge from a tropical cyclone (Fig&g 2
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King Tides (Section 2.3.1); Ocean Swell (Section 2.3.2) or Tsunami
(Section 2.6).
il. Inlandflooding near a stream or topographic low can occur during
rainfall events (Section 2.3.3).
q Landslide Risk
I Steep slopes on mountains or even hills are at risk. In the future,
there may be specific maps on certain islands to help you locate
problem areas (see Figur®?y If there is a map of your location, try
to avoid the areas in red, orange and purple.drabisence of maps,
know the visual signs of landslide risk (Section 2.2). These include:
a. Stream or water flowing down a slope where water has
never flowed
Cracking sound of trees or utility poles
Rocks and debris falling down a slope
Leaning trees, utility poles or other tall objects
New cracks in the ground
Parts of hill moved and exposed bare soil or rock
. Heavy raing typhoon, tropical cyclone
q High Wind Risk
I Associated with typhoons and tropical storms are also strong winds
which may prevent you from sheltering in a weak structure. This
should be considered as another factor in creating your
emergency/evacuation plans and your ability to shelter in place (see
tablebelow).

@ "o ao00T

While there are many hazards to consider, it is best to plan for the worst and hope
for the best. The worst is likely to be a typhoon when there is risk from inland
flooding, coastal storm surge, high winds and landslides potentially all occurring at
the @ame time. As shown in Part 2, all of these hazards can be life threatening. By
preparing for a typhoon, the resident could be prepared for almost any other
contingency. To prepare for a typhoon consider the following:

i For low lying areas (on an atoll or near the coast on a high island), one

should not shelter in a singttory home or building. This is due to the
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threat of inundation and flooding. Instead try to go to a public building with
the characteristics noted in Section 3.3.1. For rstdtiy homes or

buildings, it may be possible to shelter in low lying areas, provided the
home or building has the charad@cs found in Section 3.3.1. Still the
preference would be to move away from the coast and shelter inland.

For a home or building at higher elevation (e.g., on a high island away from
the coast), it is suitable to shelter in a sirgjty home or building

provided: (i) they have the characteristics in Section 3.3.1. and (ii) there is
no landslide risk. Thereilvbe a fine line between avoiding inundation near
the coast and landslide risk near steep areas. If there are questions, work
with your local emergency managers to plan ahead of time.

If there is landslide risk and you are in a building, shelter in a top floor
room on the downhill side of the building. If the building is onigtary,

move to the downhill side and get on top of any sturdy furnittiyeu

cannot escape vertically, ttg shelter in a closet. This might give extra
protection if your house gets buried. Stay away from windows facing the
mountains. If a landslide hits your house, debris can enter through
windows facing upslope. If you're trapped in a landslide, make rwise t

help search and rescue (shout, bang on something, or use the whistle from
your emergency supply kitAssume more landslides might occur so

remain vigilant.

Once you have planned to avoid flooding, storm surge and landslide risk,
you must still consider if your house is strong enough for typhoon winds
(>74 mph). Refer to Figure2in Part 4 of thifilandbook foiprotecting the
home. Note the four types of wall construction.

If possible, avoid sheltering in: (i) structures with metal corrugated walls,
(i) timber framed buildings of any height as typhoon winds could
overpower the building; (i) CMU block construction in poor condition, and
(iii) older and poorly maintained r&@prced concrete buildings.
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The Shelter in Placgable (Table 33) can help you decide if you should
stay at home or go to a public shelter. There are retrofits in Part 4 of this
book which will make it more likely you can shelter in place in your home.
However, if you have doubts about your house, the beg tzego to an
official public evacuation center as the first option, or a building with the
shelter characteristics in Section 3.3.1. In general, concrete and masonry
CMU houses are the strongest. For example, during thetrégehoon
Mawar that hit Guam in May of 2023, residents were instructed to only
shelter in concrete and masonry structures.

If you have questions, contact and work with ydisastercoordinating

office (Table 35) and your community leaders (See Section 3.3.3 and
Figures 320, 321 and 322) to help create your personal
emergency/evacuation plan. They can help you assess risk and the best
place to shelter for your situation and location. The DA@scammunity
leaders may have already addressed proper locations to sheiteriaipal
disastempreparednesslans (Figure 322).
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Table 3-3 - Ability to Shelter in Place during a Tropical Cycloné

Wall Construction Type — Tropical . Super
! R Typhoon Major Typhoon
From. Figure 4-2 in Part 4 Storm (74-110 mph) (111-150 mph) Typhoon
of this Handbook (39-73 mph) (>150 mph)
Concrete/Masonry Walls a) opening
& Concrete Roof protection
- r for the
- windows
and doors

Concrete/Masonry Walls,
Wood Framed Roof, &
Metal Corrugated Roofing

Wood walls (studs), Wood
Framed Roof & Metal
Corrugated Roofing

Wood Walls (T1-11) &
Wood Framed Roof &
Metal Corrugated Roof

a) opening protection for
the windows and doors;

b) tie down of roof to the
wall (Section 4.3.2 — Figures

a) opening protection

for the windows and
doors; b) add a new metal
corrugated roof following

4-18 to 4-21); c) tie all Section 4.3.6; c) tie down
key elements of the roof the roof to the wall;
together (Section 4.3) (Section 4.3.2 — Figures

4-18 t0 4-21).

a) opening protection for the
windows and doors; b) have
a strong continuous load
path connection with shear
walls (Section 4.2.4); c) tie

all key elements of the roof
together (Section 4.3)

a) opening protection for the
windows and doors; b) have
a strong continuous load
path connection with shear
walls (Section 4.2.4); c) tie

all key elements of the roof
together (Section 4.3)

a) opening protection for
the windows and doors; b)
have a strong continuous
load path with shear walls
(Section 4.2.4); c) add a
new metal corrugated roof
following Section 4.3.6.

Color Codé Greeni Can shelter in place provided the house has the features already built in
or added as a retrofit. See part 4 of this Handbook for relevant rettofitsye The structure

is stronger with the features already in or added as a retrofit, but there is still risk, especially as
the wind strength increases. If in doubt, go to a public emergency shelter with the features in
Table 22. Redi Do not shelter in place. Go to a public emergency shelter with the features in
Table 32.
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This tableassumes there is no flood, coastal inundation, or landslide risk. See Part 2 of this
handbook to help determine floathastal inundation, and landslide risk in your area.
Additional instructions:

a. Consult with a licensed engineer or architect to precisely determine the strength of
your structure. This table is a generalization for building types commonly found in
the FSM. The features listed in the table and covered in Part 4 play a role in the
actwal strength of the structure against wind forces. Each house is slightly
different.

b. Structures must be well maintained and in good condition with no corrosion of
fasteners, wood rot, or termite damage.

c. Refer to Part 4 of thisandbook for the retrofits and improvements referred to in
this table.

d. Deciding whether to shelter in place or not is a personal choice that should be
made in advance during good weather and not during duress of an incoming storm
Good decisions require full knowledge of the risk (Part 2) and the strength (Part 4)
of the hose in its current condition and with retrofits. Consult with the partners in
this book if you have any guestions.

e. Always work to strengthen your house, even if it may not be possible to shelter in
it during the strong winds of a typhoon. At least when you return from a shelter,
your residence and possessions will more likely beettercondition.

3.3.3 Receiving Emergency Alerts

The National Weather Service Weather Forecast Office in Tiyan, Guam (WFO Guam)
has forecasting responsibility for the U.S. Affiliated Pacific Islands in the western North
Pacific. Its Area of Responsibility (AOR) encompasses the Federated States of
Micronesia, the Republic of Palau, the Republic of the Marshall Islands, the Territory of
Guam, and the Commonwealth of the Northern Mariana Islands. WFO Guam transmits
routine forecasts twice a day for its AOR via the webvatw.weather.gov/qumit also

works closely with the Weather Service Offices (WSOs) in Pohnpei, Chuuk and Yap in
the FSM, providing guidance and decision support services. The WSOs take the forecas
from WFO Guam and disseminate that information locally across their resp8tites.

Each WSO provides local decision support service to their emergency management
partners. WSO Pohnpei has the added responsibilities of providing guidance and decisic
support services to Kosrae State, which has fstate WSO, and the national

government, which is located in Pohnpéie line of communication from WFO Guam

to the WSOs in eactiate to the public is shown graphically in Figur&3
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http://www.weather.gov/gum

Regional Weather Communications
Weather Forecast Office Guam > Weather Service Offices in FSM > Public

National Weather Forecast Office — Guam
Monitors Severe Weather, Typhoons, Interface with Pacific
Tsunami Warning Center for Tsunamis
Alerts for flood, typhoon, tsunami

USAID/Embassy

Weather Service Offices (WSOs) — YAP, CHUUK, & PHONPEI (PHONPEI OFFICE ALSO COVERS KOSRAE)

Disaster Coordinating Officers (DCOs) FOR YAP, CHUUK, POHNPEI, AND KOSRAE

YAP PUBLIC CHUUK PUBLIC POHNPEI PUBLIC KOSRAE PUBLIC

*PHONE, EMAIL, *PHONE, EMAIL, *PHONE, EMAIL, PHONE, EMAIL, WEBSITE,
WEBSITE, HF RADIO WEBSITE, HF RADIO, WEBSITE, HF RADIO, SOCIAL MEDIA — Possible lesser

SOCIAL MEDIA, SOCIAL MEDIA, SOCIAL MEDIA, use of HF Radio or Chatty Beetle

CHATTY BEETLE CHATTY BEETLE CHATTY BEETLE due to fewer or no outer islands.

*COMMUNICATION METHODS MAY VARY ISLAND BY ISLAND BASED ON CAPABILITIES

Figure 319. During typhoons, tsunamis or other significant weather or water events, the
Weather Forecast Office in Guam collects and analyzes data from across the Pacific and
O2YYdzyAOI GSa oAGK GKS €20t 2SFIKSNI { SNIDAOS
guidance. WSOs will provide decision support services to the Disaster Coordinating Officers
6a5/ ha¢v F2NJ SIFIOK {dFGSd ¢KS statd gov@mogds tvdll asO 2 v 3
the National Department of the Environment, Climate Change & Emergency Management
659/ 9a¢0 F2NJ 1Se RSOAaAz2ya YR GKSYy AYyT2NN
communication methods listed.

It is important for each citizen in FSM to know the best way to get hazard information

and work with their own WSOs and DCOs. Tablé Brovides the -enail address and
phone numbers for the WSOs for eatdte.

Contact them if you have questions about hazard information or the best way to get

emergency alerts, watches or warnings through the different communication methods
listed and described in Table63
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Table 34 - Weather Service Offices (WSOs) Contact Information in FSM

State Contact Email and phone

WSO - Pohnpei Wilfred Nanpei nws.pohnpei.operations@noaa.g
Wilfred.nanpei@noaa.gov
Kenely Andon +(691)320-2248
keenly.andon@noaa.gov | +(691)320-6947

WSO - Chuuk Johannes Berdon nws.chuuk.operations@noaa.go
Johannes.berdon@noaa.
Boyd Mackenzie +(691)330-2548
boyd.mackenzie@noaa.gq +(691)330- - 2583

WSO - Yap Joe Lukangaw Nnws.yap.operations@noaa.gov

joe.lukangaw@noaa.qov
Choorang Falan
Choorang.falan@noaa.go

+(691)350-2194

Table 35 liststhe contacts for thdisastercoordinatingofficers for FSM. Contact them

for questions or assistance in understanding hazard risk covered in Part 2 of this book,

preparing emergency evacuation plans, and responding to a hazard.

Table 3-51 Disaster Coordinating Offices (DCOs) Contact Information in FSM for
the Office and Director

State Contact Email Phone
DCO
Kosrae Kosrae State kosraedco@gmail.com 691-370-3009
DCO 691-970-1145
Nena Williams
Pohnpei | Pohnpei State | stevickj5@mail.com 691-320-3881,
DCO/Facilities 691-920-5024
Stevick Joseph | Josephainstain.pnifi@gmail.com
DCO/Fire 691-920-1453
Ainstain Joseph
Chuuk Chuuk State chuukcdeoc@gmail.com 691-330-5520Q
DCO 691-930-8182
Justin Fritz
Yap Yap State tamngugk@gmail.com 691-350-2166;
DCO 691-952-3346;
Krystal
Tamngug
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Thedisastercoordinatingofficers will decide if evacuation is in order, what shelters are
open and when. They will communicate this to the shelter landowners and managers, as
well as to the public. Due to the limited communications abilities available to reach all
islands of the BM, WSOs and emergency managers use a variety of communications
methods from email and phone to satellite phone, HF radba satellitdased text
messaging system called the Chatty Beetle.

Data services and social media are generally available in the main population centers
of the FSM. WFO Guam, as well as WSOs Yap, Chuuk and Pohnpei all operate
Facebook pages for their officEhese pages provide some supplemental weather,
climate and warning information, but are not always timely or available, and come
secondary to the routine weather information posted on the WFO Guam web page
(www.weather.gov/guiy and via email/bulletins from local WSOs and emergency
managers. WFO Guam will provide regional weather and warning information on its
Facebook pagevww.facebook.com/NWSGuambut residents of the FSM should

know how, where, and when to receive specific instruction from their emergency
managers regarding preparedness and precautionary actions to take for the protection
of life and property.

Since FSM has a diverse mix of habitable islands with various infrastructure, some
communication methods are suitable over others for the different locations.
Homeowners should work with the local emergency managers or DCOs to ensure
proper communicationuting an emergency. TableG3is alist of the different types of
communication available in FSM, and how a local resident can best access emergency
information.
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Table 3-6 1 Methods of Communication in FSM & Tips for Residents

Communica How it Works Where in FSM to | Tips for Residents
tion Type Utilize
Phone Phone coverage in the FSM is| Almost everywhere To ensure coverage,

through FSM
Telecommunications
Corporation

grc

including isolated
islands in the Mortlocks
Regioni Ta Island,
Satowan Island,
Lukunor Island, Oneop
Island, Kuttu Island,
Ettal Island

Moch Island

residents should
contact FSMTC at:
https://www.fsmtc.fm/
If you have a
registered cell phone
number with FSM
Telecom, you will
automatically get
emergency text
message alertsThere
is no need to register o
download an app.

Portable Radio

] ] e

Typical radio sold at the
hardware store. This can be pq
of your emergency kit. There
are designated government

radio stations at the frequencie
to the right.

Emergency Radio
Stations are:

Kosraei 89.7 FM
Pohnpeii 1449 AM
and 88.9 FM

Chuuk 7 1593 AM and

Once residents are
alerted of a potential
hazard event (e.g., by
community leaders,
mayors, schools,
chiefs), they should

_Communlcatlon 88.5 FM turn on the radio to the
IS one way. Yapi 1494 AM and | frequencies listed in
89.9 FM column 3 to receive

more information.
Radio capabilities for
some islands is
increasing

Internet Internet coverage in FSM is | Weather Forecast Residents should

i) Website; ii) provided by FSM Office Guam become familiar and

Social Media Telecommunications www.weather.gov/gum| check websites for thei

(Facebook); iii)
email

Corporation

grc

and also Facebook
US National Weather
Service Guam |
Facebook

Weather Service
Offices Chuuk WSO
Facebook

Yap WSO- Facebook
Pohnpei & Kosrae
WSO

Facebook

Office of President
Public Information
Office

Facebook

individual State: i)
WFOT Guam; ii)
National Department o
Environment, Climate
Change & Emergency
Management
(ADECEM) ;
websites for individual
Weather Service and
Public Information
Offices
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Department
Environment Climate
Change & Emergency
Management
https://fsm
data.sprep.org/group/1
Kosrae PIO

(5) KosraePublic
Information Office-

Posts | Facebook
Pohnpei PIO

(2) Pohnpei State
Public Information,
Office of the Governor
Facebook

Office of the Governor,
State of Chuuk

(2) Facebook

Yap Public Information
Page- (2) Facebook

High Frequency
(AHFO)

Communication

is two way. infrastructure. - (06, 12, 18, 24) hour | municipal leader such
This is also periodsi If incoming as the mayor, school
known as hazard event, more principal or chief); and
Single Side often. 3) how is message
Band radio or sprea through the
SSB radio or community
Short wave wireless, walkie talkie,
radio. neighborhood
communication chain,
etc.)

A specialized radio using high
frequencies in the-30
megahertz range. This is

Bl especially useful for long rangg

communication to link remote
regions to the outside world.
HF radio is not reliant on
conventional communications

HF radios should be
pre-positioned with the
municipal leader of
each island (Mayors,
school principal, chief).

During normal times,
Transmits every 6 hour

Residents should
check: 1) if HF Radio
is available for their
location to receive
emergency messages;
2) who are designated
persons to receive
messages (usually the

Chatty Beetle
from USAID
and NOAA

Portable satellite terminal that
permits textbased emergency
alerts (weather, tsunami or
other) in remote locations
where communications are
limited. Two-way
communication allows
incoming alerts & outgoing
status- observation reports.

Located in Chuuk 11
main outer islands
some may not be
operational. Also
located for some of the
outer islands for
Pohnpei and Yap.

Residents should
confirm: 1) presence of
Chatty Beetle, 2) if
operational, 3)
designated lead persor
to receive messages
(usually the municipal
leader such as the
mayor, school
principal, or chief), and
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4) the method of
emergency message
distributioni (coconut
wireless, walkie talkie,
community messaging
etc.). Not all locations
will have a Chatty
Beetle. Where they are
located, it is usually
just one per island.

Satellite Dish
for internet.

For Chuuk and other isolated
locations, a private company
may be able to set up a satell
dish for individual families.
Companies to check include:
FSMTECH-
https://www.facebook.com/fs
mtech.fm/
91 320 4970

fo@fsmtech.fm

smtech.fm; and

starlink
Starlink Micronesia: Satellite
Internet Sparks Digital

(americantv.com)

Starlink

The Advent of Starlink in
Micronesia: Bridging the
Digital Divide (ts2.com.pl)

Islands with Internet
Data Signal in the
Mortlocks Region
Namoluk Island,

Ta Island, Satowan
Island, Lukunor Island
Oneop Island, Kuttu
Island, Ettal Island
Moch Island, Losap
Island

Residents should see i
they can get internet
communication by
FSM
Telecommunications.
If not, a home satellite
dish may be possible.
As a last resort,
communication may be
by HF radio or Chatty
Beetle. Check with
your disaster
coordinatingoffices
(Table 35) before any
event. It is important to
plan ahead.

In the FSM, there are many municipalities for each State with different methods of how
emergency information is spread through the community. A good example is shown at
the Tafunsak Elementary School in Kosrae (Figur2e and 321).
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Figure 320. On the wall of
Tafunsak Elementary School in
Kosrae is @ommunicationplan
for the municipality. The upper
left shows a family preparing
together their emergency
supplies and evacuation kit for §
tsunami, sealevel rise, Txe
typhoon, wildfire, and
pandemic hazards. The upper
right shows the flow of
information from the disaster
coordinating officers to the
mayor and then key emergency i
response organizations such as the police and hospital. The lower left indicates at the time of
warning, people shold tune to 89.7 FM for Kosrae only. Eastate will have different

emergency radio stations (See Tablé® column 3). The lower right shows a planned
emergency evacuation route for the area.

. Figure 321. As a
generalization, for
municipalities in Kosrae,

s LoOW LVHAK =4 Pohnpei and Chuuk, key
D,L _QF‘ i : -’*‘:”. &= 8 emergency

:on " A » management decisions

will be made between
the governor, the

ﬁi&;ﬁ-ﬁt%?" - § Weather Service Office
- 'IAf;K F‘s}%E k ;Tiii (Table 34), the Disaster
; Xt § oordinating Office
Tﬁg_u =) (5 /c Table 35), and
“?m = 3 the National
A Department of the

Environment, Climate

| G e = , — il Change & Emergency
aI yl EISYS)/u 00(59/ 9a£ UCD ¢KS 5/ h & méybrofdhd y @S @
municipality who will notify the emergency organizations and the public through the
communication methods outlined in Table-8. Residents should be sure they can receive
emergency information from at least one of the methods outlined in Tablé.3Questiors can

be directed to the community leaders, in this case for Tafunddlnicipality, the mayor and

the DCO.
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Most municipalities across the four states in the FSM have Municipal Disaster
Preparedness Plans (MDPPs) which were developed by the municipal leaders with
guidance from the Department of Environment, Climate Change & Emergency
Management (DECEM), in paership with IOM and funding from USAID Office of
Foreign Disaster Assistance (Figur23). The MDPPs are designed to provide

community members guidance in creating strategies to mitigate potential hazards, reduc
vulnerabilities and capture basic informa on t o adequately meet
each community. For example, the MDPPs will have located evacuation centers,
identified community leaders, and explained how emergency information flows in the
municipality. Residents should familiarize thegtves with the MDPPs, if they have been
created, by checking with thiesastercoordinatingoffices or their community leaders
(typically the mayor).

Figure 322. This is an example of the Municipal Disaster Plan

(MDPP) for the Municipality of Sokehs in Pohnpei State. The plan @y
identifies the mayor, municipal leadersand has a listing of POHEI’SWE
emergency contacts. The flow of communication is identified for WHISCIPAL DISASTER
this municipality. In section 4the Hazard, Vulnerability and PREPAREDNESS PLAN
Capacity Assessment can help residents with their evacuation plg

and decisions on how to strengthen their house. In addition, For The Municipality of Sokehs

ipdated: May 01,2073

Emergency Evacuation Shelters are identified. If your municipality
has a MDPP, work with your DCO, miaipal leaders and neighbors| ...
so that all members of the community know how to prepare for,
respond tg and recover from a natural hazard. If your municipality ...
does not have a MDPP, become involved in the development of
one with your DCO and municipal leade

=/ USAID

For the State of Yap, there are 21 municipalities, and each is slightly different in how
information from the DCO flows to the public. In two of the municipalities, the key
community leader is the mayor and in others it iscthef or different series of regional
chiefs. Yap State is developing a communication plan for each municipality, with the
help of Catholic Relief Services, the International Office for Migration and the DCO.
Residents should be involved in creating thelaes and educating themsetvand fellow
community members on the flow of emergency information in their municipality, once
the plan is finalized.
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from WFO Guam

3.3.4 Tropical Storm/Typhoon Watches and Warnings

The Weather Forecast Office in Guam issues tropical storm/typhoon watches and
warnings for islands threatened by tropical storms, typhoons and strengthening tropical
depressions. In the FSM, these islands include: Yap, Ulithi, Ngulu, Fais, Fareulap,
Woleai Satawal, Puluwat, Ulul, Chuuk, Fananu, Losap, Lukunor, Nukuoro, Sapwuafik,
Pakin, Pohnpei, Mokil, Pingelap and Kosrae. Tropical storm and typhoon
watches/warnings are coordinated between the WFO Guam, the respective Weather
Service Offices (Table-3), the local emergency management (DCOs) (Takig &nd
DECEM. WSOs and local emergency management disseminate this information to the
affected islands via available communication methods (Table 3

WFO Guam issues tropical storm and typhoon watches and warnings for islands of the
FSM based on the onset of damaging winds. Damaging winds are sustained surface

winds of 39 mph or more. A

to 73 mph are

A

is issued when damaging winds of 39

poses a possible threat, with damaging winads
storm warning is issued when damaging winds of 39 to 73 mpheapectedwithin 24
hours or are already occurring. &phoon warning is issued when typhoon conditions
areexpected with damaging winds expected to begin withihhours or are occurring
(See Table J).

from a tropical storm or a developing tropical storm, within
is issued when a typhoon (74+ mph) or developing typhoon
within

. A tropical

Table 371 Watches and Warnings for a Tropical Storm and a Typhoon

Tropical Typhoon Tropical Typhoon Tropical Storm
Storm Watch Storm Warning Warning with a
Watch Warning Typhoon Watch
Meaning | 39-73 mph| 74+ mph | 3973 mph | 74+ mph | A Typhoon will pass
winds winds winds winds by within 24 hours;
possible possible | expected | expected | however, Typhoon
winds are possible
Timing Within 48 | Within 48 Within 24 | Within 24 but not expected_
hrs hrs* hrs hrs*

*Keep in mind: All typhoon watches and warnings are not based on arrival of 74+ mph
winds, but areinstead based on the arrival of damaging winds of 39 mpfthis will allow
more time to do work in preparation of a building before damaging winds arrive.
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3.3.5 Tsunami Watches, Warnings and Advisories from WSOs and
Emergency Management

During tsunami events, WSOs and their respective emergency managers are responsibl
for issuing appropriate watches, warnings, and advisories. WFO Guam acts as a liaison
tsunami information and helps interpret text and warning messages from the Pacific
Tsunami Warning Center (PTWC) in Pearl Harbor, Hawaii. Potential tsunami events can
have very short time lines from possibly under an hour for local earthquake and tsunami
sources close to the islands of western Micronesia (Marianas Tiremas)much as a

day for distant earthquake and tsunami sources (Alaska and South America).

3.6 Flood Advisories and Special Weather Statements from WSOs

For significant local weather events, such as flash floodingyéla¢gherserviceoffices in

Table 34 are tasked with providing warning and guidance to local emergency
managementVork with yourdisastercoordinatingoffices andofficers in Table &b to

help you prepare for local events. Information on local events can be obtained using the
communication methods in Table63 Especially useful are the radio, text message alerts
and the internet websites. Note that in Tab& Bw4, are the Facebook websites for the
individual weatherserviceoffices. Also in that row are the websities thepublic
informationoffices for the Office of the President, the fatates in the FSM, and the
Department of Environment, Climate Change & Emergency Management (DECCEM).
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PARHA
PROTECTINGHEHRE

This partof the bookcovers what homeowners or those living in houses can do to
make the existing structuneoreresistantgainsitrongwinds, flood, andwave

forces.This will require retrofitting one or more portions of the hoddeamount

of retrofit possible will vary for each housecause there may be existing

limitations (for example, the woadin poorconditionfrom termites,or there may

be limited access to the key parts of the hpusenajor thrust of Part 4 of the book

is retrofitting existing houses to make them stronger. There are several things that
can be done to make a house stronger, even though it may not be as strong as a ne
house built with modern building codes.

Some of the guidance in this part of the book may also be of use for the repair of
homes that have already been damaged by an event. For example, if the roof
blows off but the concrete walfemainstanding, a stronger roof can be installed

as a repair following guidance in this book.

While the focus of thipart of thebook is to providéuilding practices for
existing housesnanyof thepracticesarealsosuitablefor newhomes especially
in areas that do not have a building code Metny of thebestpracticeanay
makeahouse more resilient to hazards, more efficient and thus more
environmentally sustainable, while helping to adapt to climate chasgeith

all optionspresentedn thisbook,thereadershouldreferto a professionabr
licensedarchitectengineerpr builderbeforebeginninganywork.

Traditionalmethodsof constructiorareprovidedaswell asoptionsdeveloped
elsewhere but considered feasible inf3&1. Consideration is given to cost,
availability of materials, and ease of installation. A great resource for information
and optionss thehardware storesceoss FSM, as all of the major hardware stores
arepartners in this book.

BUILDING CONSIDERATIONS IN THE FSM

Bef or e pr oewessomafgctorshhteveéraansideedin developing
this section of the book. It should be realized that these considerations will vary
for each state in the FSM.
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4.1.1 Typhoon Risk Across the FSM

As shown in Part 2, Figure 2 there is a strong variation in typhoon risk from

Kosrae and Pohnpei to Chuuk and Yap. This is because the Coriolis effect is weake
at the lower latitudes of Kosrae and Pohnpei and thus it is harder for the strong
cyclonic in of a typhoon to develop. This is not the case for Chuuk andardp
therefore, thesgates get more frequent and stronger typhoons. The greater the
typhoon risk, the greater the need for Chuuk, and Yap to build as strong as possible
This could inclale building more concrete and masonry structures.

As an example, the predominance of concrete and masonry construction in Guam
developed over time due to the history of many major typhoon strikes. The
damage from many typhoons resulted in Guam developing their own building
code. If the housing on Chuukdivap continues to be damaged by typhoon

strikes, a similar trend is likely to develop there.

4.1.2 st

Strengthening a house comes with cosfisich can be a burden to residents.
Therefore, there is the goall keepingcosts down and proviag a range of

options For example, there may be mamgys to mitigate corrosion of metal
corrugated roofs from good to best, with the tradeoff being ostis handbook

for theFSM, we will attempt, when possible, to categorize building practices in
terms of good, better, and best. Good for example, would be a building practice
that is stronger than commonly found in FSM and somewhat affordable for the
residents. Better would be amtger practice that may cost more and is somewhat
equivalent to a modern building code standard for a high wind regiohisBes
measure that is stronger than required in modern building codes, or not in current
codes but significantly more robust than current practices. It will not always be
possible to classify measures in these categories, especially if there are limited
options.

There are also several strategies to help keep overall costs down:

91 Detailed guidance is provided on how to inssaline of the easier retrofits
for homeowners that have construction experieafter initial consultation
with a licensed architect or engine€his can reduce costs.

1 Inthe FSM, many areas such as on Yap have on the same property both a
modern house and a traditional one made with native materials. These
traditional houses can provide space for functions such as cooking and
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dining, eliminating the need for these areas in the modern house.
Downsizing the modern house can offset the expense of building it
stronger.

In a location such as Puerto Rico, which was devastated by major Hurricane
Maria in 2017, the goal of many residents is to build a house with concrete.
When cost is an issue, residents often build a small part of the house such as
a single room or a singlfloor with concrete first and then add to the

concrete structure later. Thus, a small percentage of the house may be made
of concrete or masonry, and the rest wood. Over time, the wood portions

are replaced witlboncreteportions. This would provide stng shelter space
for the earliest phases of the house, provided there is no storm surge,
flooding or landslide risk.

Although cost is a significant factor, it is not as important as the protection of
people from the dangers of natural hazards. Thus, residents should always
consider building as strong as they can and preparing with the information in
this book.

4.1.3 Building Codes

In site visits through FSM, there was interest in developing a building code
since there was an apparent lack of building standards. The practices in this
book are a small step in experimenting with implementation of a building code
for the Federated Statef Micronesia, since the practices would be similar, but
as presented in this book, they are voluntary guidance. In terms of a building
code, the International Code CouricilCC 600is a standard for the design and
construction of residential buildings high-wind regiongFigure 41).

Figure 41. The ICC 600, developed by the International Cog
Council, is a standard for the design and construction of
residential buildings in high wind regions. The ICC 600
supplements the International Building Code and the
International Residential Cogl also developed by the ICC.
Practices from the ICC 600, IBC and IRC can be found in P
of this book, not as a requirement but as voluntary guidances
They are presented as best practices that homeowners
should consider as an option to provide greatprotection
against typhoons. The practices will be especially importan
for states in which the typhoon risk increases. See Figufg. 2




4.1.4 House for Use as an Emergency Shelter

It is encouraged that all residents of FSM take steps to strengthen their home,
even if they do not plan to shelter there during a typhoon. By strengthening their
home, the risk of property damage is reduced, and it is more likely residents will
return toa usable structure after staying in a suitable public emergency shelter.
See Part 3 and Section 3.8.Key Features for An Ideal Emergency Shelter.

If a house is sufficiently strong and located away from landslide, flopdirdy
storm surge risk, residents can shelter in their own structure during an
emergency. The strength of a house is dependent on how it was initially built,
(e.g., concrete and masonry walls vs. wood framing), how the house was
maintained, and what meassii@e taken to strengthen it through retrofits
covered in this section of the book.

4.2 Principles of Building a Strong Home
4.2.1 Location

A house can be very well built, but subject to great risk simply due to its

location. Refer to Figure-8 and note that during a typhoon, there is the threat of
erosion of the coastline, storm surge and flooding. The closer to the shoreline, the
greater tle risk from erosion and storm surge. To reduce the risk of these

hazards, it is helpful to build away from the coast and on higher ground, if
possible.

To reduce the risk of flooding, ideal locations are away from streams or rivers or
topographic lows where water can collect. If an area has any history of flooding,
it is a potentially dangerous area during the extreme rainfall from a typhoon.

Finally, consider landslide risk for some of the steeper islands of the FSM.

Avoid steep slopes and follow the guidance in Section 2.2 to help determine
where there is landslide risk. Possible indications of risk can include falling rocks
and debris, leang trees or utility poles, scars in the slope exposing bare soil or
rock, and new cracks in the ground. Eventually, landslide maps from the USGS
will be available for some islands (Figuré®p Locate a new structure away from
areas of landslide risk, fossible.

If the location of buildings away from erosion, storm surge, flooding or landslide

risk is not possible, it will be necessary to consider these hazards when creating a
familyéds emergency/ evacuation pl an. |
emergencyhelter versus a home that is in these hazardous areas (See Part 3).
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4.2.2 Wall Construction

In the FSM there is a great diversity of housing types from concrete and masonry
to woodstick framingto traditional style housing constructedirdigenous

materials such as coconut husks, bamboo, palm leaves andnatieeials for the
house frame and roof (Figure2}.

B. Concrete/Masonry Walls, Wood Framed
Roof & Metal Corrugated Roofing

A. Concrete/Masonry Walls & Concrete Roof

......

C. Wood Walls (studs) & Wood Framed Roof & D. Wood Walls (T1-11) & Wood Framed Roof &
Metal Corrugated Roofing - Metal Corrugated Roofing

T 7= S % -
Figure 42. The four major housing types in the FSM are: (A) concrete or masonry walls
with a concrete roof, (B) concrete or masonry walls with wood framed roof and metal
corrugated roofing, (C) wood wall with studs with wood framed roof and metal
corrugated roofing, and (D) wood walls with F11 and a metal corrugated roofing.

Note the T111 is a type of plywood and can provide structural support to prevent
racking (See Figure-8). Some best practices will be provided for each category of
housing. Nevertleless, residents must realize the limitations in strength of their own
house and seek public shelter when a strong typhoon can threaten their home. Note
housing types B, C and D all have a metal corrugated roof which can be a weakness if
not constructed poperly.
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A key determination on how strong a house may be is if it is made of wood as
opposed to concrete or masorBgfore Typhoon Mawar hit Guam in May of

2023, residents were instructed to shelter in only concrete or masonry homes and
go to a public shelter if they were in wood homes. Despite being the strongest
typhoon to hit Guam in 20 years, overall structural danvegsgreatly reduced

due to thepredominance of concrete and masonry buildings and homes.

Houses with concrete or masonry walls are the strongest, especially those with a
reinforced concrete roof. Houses with concrete or masonry walls and a wood
roof are not as strong, mainly due to the roof material and how it is built and
attached. Roof consiction best practices will be covered in section 4.2.3

and 4.3.

Houses with wood frame construction are not as strong as those of concrete and
masonry. Nevertheless, they may be sufficiently strong when retrofittsthfes

with lesser typhoon risk such as for Kosrae. New wood houses built with modern
building codes and the practices covered in this book can be built to withstand
significant typhoon risk.

4.2.3 Strong Roof

During a typhoon, the most vulnerable part of the house to wind and rain forces
is the roof. The roof provides protection from the wind, rain, and heat of the sun.
Ideally, the roof should be strong so it stays intact against the wind, sealed so
there isno water intrusion, and heat reflective so the residents stay cool inside.

The most common type of roofing in tRE€Mis a metal corrugated roof found

on houses with concrete or masonry walls, wood framed houses with studs and
wood frames houses using structural sheathing (such as plywooelldrddard)
(Figure 421 B, C, and D). Roofing is often the weak point of a$® even for a
house with strong concrete or masonry walls (Figu8g. 4

81



Figure 43. Example of a house
with a strong concrete or
masonry wall but a weak wood
framed metal corrugated roof
that failed during Typhoon
Woutip. Key parts of the house
are concrete or masonry walls “
(A), reinforced concrete columns [
(B), and a reinforce@oncrete
structural bond beam (C). These
form a concrete moment frame
which gives the structure great
strength (resistance to uplift and FSS
lateral loads) (See Figures®3 == .
and 35 on features of an ideal emergency shelter). The concrete structural bond beam
serves to hold or stabilize the walls together and is an anchorage place for the roof
framing. This is a good start to resist typhoon wind forces. By fortifying the windows (D)
and especially the roof (E) property damage can be reduced, and the structamebe

used for shelter, provided there is no flood, storm surge, or landslide threat

Later parts of this book will cover the most common type of roof covering material
in the FSM: metal corrugated roofs, as well as care and construction of new concrett
roofs.

4.2.4 Continuous Load Path Connection and Shear Walls

A continuous load path is important because it helps redistribute outside pressures c
forces caused by earthquakes and high winds, transferring these forces from the
frame to the foundation, which is securely anchored into the gr&uwilding a

structure with a continuous load path is essential to withstand strong forces from
high winds, tornados, typhoons, and earthquélkiggire 44).
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Figure 44. A continuous

load path connection is a

8 method of construction

-3 = - that uses metal fasteners

' to connect the structural

frame of the house from

B the roof all the way down
to the foundation. For

Rafter-to-Top Plate Connectlons:
Transfer forces from the roof to
the top plate

- }op Plate-to-Stud Connections: wood framing such as in
e 3 he : .
Hyatvond this figure, the

continuous load path
connection ties: (i) the

1 roof rafter or truss to the

1 wall (doubletop plate)

‘ with hurricane clips (A),
(ii) the doubletop plate

Floor-to-Floor Connections:

Tt forsse o o to the studs (B), the walls
' | Stud-to-Sill Plate Connections: of any hlgher StOfy to the
R [Tgalr'\‘?;v":arsc‘:ﬁstrorn vall studs lower Story (C), and the
= studs to the bottom sil
D plate (D) with meal
= =g straps; and (iii) the
2 bottom sill plate to the
R foundation with anchor
?ri;lllnps‘ll::'l;rr:so:lr:‘r’:?:enr::ggllnl‘illi\z?s: Courtesy of bolts (E)Wlth a

the foundation

continuous load path
connection,external

forces on the roof and house are transferred to the foundation, which is securely
anchored to the ground. This will make it more likely that the roof can stay attached to
the house during strong typhoon winds, as opposed to flying off. Figure courtesy of
Smpson StrongTie.

Simpson Strong-Tie

In a retrofit, the goal is to add as much of the continuous load path connection as
possible, within reason, starting from the top and working down. This is because of
the limitations of access during a retrofit. For new construction, the load pathtis buil
from the bottom up when access is not a problem.
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For wood framed houses, there are many connections that will be required to
complete the load path that will be covered in this book. This can be done during
new construction but is more difficult to do for existing structures as a reguoliit.

an effort to complete the load path as much as possible for an existing house is
beneficial, especially for the key weakness at the roof to wall intersection

(Figure 4-4 (A)). This is often the most coseffective retrofit for existing

houses.

For concrete and masonry houses, the load path is through the reinforced concrete
walls, and the key is securing a strong roof to the wall with proper connections.
These will be covered in Section 4.4.

A continuous load path connection helps to protect the roof of a house against
vertical uplift wind pressure or vertical forces. Wind also exerts horizontal or
lateral forces on a house that can cause: (i) sliding on the base of the house, (ii)
overturnirg or (iii) racking. See Figure-3.

Figure 45. Wind can exert forces on a
house in the vertical and horizontal
direction. A continuous load path
connection helps resist vertical forces
such as uplift so that the roof stays on
the house. Horizontal forces from the
wind can also cause: (ipcking when
the top of the house is displaced more
than the base, (ii) overturning which
may cause a house to flip over, and
(iii) sliding off its base. The
continuous load path connection will
help to prevent uplift, sliding and overturning. Additionadrotection is needed to
prevent racking, which is usually addressed with shear walls.

TURNING

Shear walls are reinforced walls within a building that have been engineered to help
resist the shear (racking) forces caused by high winds or the lateral forces caused b
earthquakesShear wallsare typically constructed by attaching timber braairidp
plywoodand hold down connectors to a section of the timber framing along a wall
(Figure 46).
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Rim joist

A35

framing

angle

Note:

Some sheathing
not shown to
illustrate anchorage

Cripple wall

Sheathing

Titen HD® with
bearing plate

- Blocking -

Pre-retrofit

Qo Non-reinforced cripple wal

Post-retrofit

Reinforced cripple wall

Figure 46. Example of a wood framed wall (left) before retrofit. To strengthen through
retrofit (right), the bottom sill plate is tied down to the foundation with hold down
connectors such as anchor bolts (see also Figude(&)). This prevents sliding or
overturning (Figure 4). In addition, plywood, T411, or OSB sheathing is nailed from the
top plate to the mudsill or sill plate, as well as along all the studs for a section of the
framing along a wall. The rigidity and strength of sheathing preverasking.

See the following video for an explanation of how to construct shear walls
Introduction to Shear Walls: Understanding Overturning, Racking, and Base
Shear YouTube

4.2.5 Wind and Rain Resistant Envelope

During a typhoon, no wind or rain should penetrate the envelope of the house
( s ee F7).gawindowHdreaksjt allowsthewind to enterthehouseand
caussinternalpressure thahcreasesheuplift ontheroof. This will increase

the risk of roof damage and even uplift of the entire fDlodls it is importantto
protectwindowswith plywood or ashuttersystem In addition to preventing
internal pressurization, window coverings prevent wind, rain and flying debris
from injuring people or damaging property inside.
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Enclosed Building Partially Enclosed Building

Figure 47. The house on the left has no openingBhere is only external pressure
from the wind on the walls and roof. The house on the right has an opening, either
by design or because a window broke. Now thasexternalandinternal wind
pressureon the walls androof, makingit more likely for the roof to fly off. This is

why it is important to protect the windows with a covering such as plywood or
shutters during a typhoon (see Figuresb8 to 462). Plywood is one of the most
economical ways to protect windows

4.2.6 Maintenance

Finally, a key factor in the strength of a house is how well it is maintained. If
there are corrosion of fasteners, termite damage or wood rot, the house will
become weaker over time. Maintenance is key to keeping a house strong and
functional. The impoence of maintenance is also covered in Figui&.3
Corrosion and termite damage are covered later in Sections 4.3.7 and 4.6.

4.3 Metal Corrugated Roof

A typical house irthe FSMhas concrete walls that are fairly strong against wind
forces. As was discussed in PaitBigures 34, 35,3-6and s hown i n
3, the houses commonly have a monfearneconsistingof reinforcedconcrete
cornersand columns as well as a reinforeddicturalbbondbeam.Theweak link is
often theroof framing material and isttachment to the concrete walls. Thus
many of the options given this sectiordeal with strengthening the entire roof
structure.

The metal corrugated roof is the most common type ofrrganhaterialin
the FSM It is found on houses with concrete/masonry walls, woamded
walls with 2 by 40 studs and wood walls withvood structural panels
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(such adr1-11) (Figure 42 ) . begniith someterminologyfor key
components of this type of roof fexistinghouse$eginningin Figures4-8
to 4-10. Then we will cover strengthening the connection between these
components.

Figure4-8. Commonpartsof a
house with a metal corrugated
roof from the outside. (A)
Reinforced concrete structural
bondbeam.(B)Wood purlins
typically runparallelto the
length of houseandare
commonly made by 2x3 or 2x4
inch lumber. (C) @rugated
metal roofing (aluminum or
steel).(D) Trussegypically run
parallel to the width ofthe
houseand consistof 2x4 or 2x6
inchlumber. (EWindowsand
doorscommonlyframedby 2x4 inchlumber. Note that the dimensions of the lumber
may vary from house to house or by location. The key in this figure is to point out the
main parts of the roof structure.

Metal" , , , Figure 49. As shown in
eta Figure 48, the trusses

Corrugated typically run parallel to
Ro"f‘ the width of the house
x‘"ﬂ / and are commonly 2x6
Purlins =4 1t. inchlumber. Ontop are
Spacing Wood purlins, consisting of
Gusset 2x3 or 2x4 inch lumber,
typically running
parallel to the length of
the house.Attachedto
the purlinsisthe metal
corrugated roof.
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T

~
Wood Top Plate
Str @lr;B‘ond Beam

Figure 410. On top of the concrete structural bond beam is commonly a wood top
plate, consisting of2x4 or 2x6 inch lumber. On top of the wood plate are the trusses.
To prevent wind damage during a storm, there must be a strong connection from: (a)
the woodtop plateto the structuralbondbeam;(b) the trusses to the wood top plate;

(c) purlins to the trussesand (d) metal corrugatedroof to the purlins.

Most houses in thESM do not have a top plate, although there are some
houses that do have theWe will cover both scenarios for proper attachment
of the trusses to the concrete structural bond beam.

The goal in retrofitting an existing house is to compéstenuch as possibde

the continuous load path connection (Figu#) &rom the top downso that

every element of the house is tied from the roof to the foundation. This
includes all roofing components such as the metal corrugated roof to the
purlins, purlins to the trusses, trusses to the top plate (if present), and top plate
to the concretstructural bond beanEventraditional constructionising

native materials found in the FSM recognized the need to tie all roofing
elements together to transfer the load to the ground (Figlitg 4
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Figure 411. Traditional
construction of the roof using
indigenous materials
recognizes the importance of
~ attaching all roofing elements.
- Here coconut fiber rope
attaches vertical columns to
the horizontal beams. The
* beams are then attached to all
4 WS r00fing members (equivalent
to rafters and purlins). For modern houses, the same concept applies to attach all
roofing members together with the appropriate connectors

For a stirdy roof and secureome against the wind and rgia strong connection
or tie is necessary from

(a) wood top plate (if present) to thenforcedconcrete structural bond beam
(Figure 410);

(b) trusses to the wood top platereinforcedconcrete structural bond beam
ifthereisnoat op pl at®);, (Fi gure 4

(c) purlins to9);taimde trusses (Figure

4

(d) met al corrugated9roof to the pur

Note that in this example with concrete/masonry walls, there also needs to be
reinforcement from the bond beam to columns and the columns to the footing of
the structure to complete the load path. Reinforcement of concrete/masonry
walls is covered in Secn 4.4 and specifically in 4.4.3.

Depending on access, existingusesan be retrofitted to strengthen their
connections. TRiis covered in Figures® to 4-33. These connections can be
considered for existing homes in a retrofit application, depending on feasibility
(access, cost, etc.). They should definitely be considered depag anchew
construction, when access is not a problem.

The connectors mentioned in this book are from the Simpson Strengood
Construction Connectors Cataldgr 20242025 You can find this catalog at
strongtie.com. The catalog is frequently updated with new products. In the
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captions for the figures in this handbook, we provide page numbers for quick
reference. However, in future catalogs, the page numbers may differ. Therefore,
we recommend that readers download the latest version of the catalog in PDF
format from the websitend use the search tool to find the latest information on
the specific connectoend fastenertisted in the captions.

4.3.1Tying The Wood Top Plate to the Concrete
Structural Bond Beam

Figure4-12. Commonly there isa2X

— ]}
| ?”’3 (actually 1.5) 4hchwood top plate over
& 1 é\/\ P o the concrete structural bond beam. In
| Lron W 9 new installations and possibly in repair
e — . sx}/{ B Tkl B situations, a metal bearing plate should

tie the wood plate to the concrete
structural bond beam. Bearing plates
and load bearing plates that are on Page
48 of the 2024-2025SimpsonStrongTie
Wood ConstructionConnector<Catalog
(SWCC@anbeused (seeWood
Construction Connectors Catalog

BP The BP%SKT is used when %" diameter -(—g—Stron tle'com) The Dbolts are

BPS
(LBPS similar)

(LBP similar) sill bolt holes are overdrilled embedded in the concrete at the time

the wall is poured.
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Figure 413. For retrofit of existing structures
where a strong connection between the woc

top plate and concrete structural bond bear E&
is needed, anchorganbe used with the M
bearing plates. This retrofit requires sufficier &=

accessunderthe roof. Aright-angledimpact lﬂj;
driver may be needed.Forthe screwon the E-%;

left (Titen HD¢ page 368 of the SWCCC), pr

drill the hole to the size of the shaft, with a
hammer drill using a concrete bit. Then scre =
in with an impact drill. For the RFB fastener

the right (page 50 of SWCCC), drill with a 1/ Titen HD®
inch oversized hole. Then fill in with structura
epoxyandinsert the RFB with a turning motion to fully engage the threads in the epoxy,
and ensure epoxy comes out the top of the hole. The picture shows connection between
the bottom sill plate and foundation (Figure-4E) which is the same relationship as a top
plate and concrete bond beam.

Figure4-14. Another way to tie the wood plate to the concretebeamisto usethe FRFP
Metal Plate. This is on page 26 of the SWCCC. plisis 7 inchestall and9inches

wide. The upper holes are for five ¥4 inch in diameter and
2% length SDS screws that go into the top plate. The
bottom holes are for attachment with Titen Heavy Duty
Anchor Screws (See Figurd dc left screw) that go into

the concrete structural bond beani{gure 415). Since the
FRFP plate is galvanized, the screws should be galvanized
also, following the principle that dissimilar metals should
not be in contact with each otheffFigure 442). This Titen

HD Screw Anchor is on page 368 of the SWCCC anohalso
the Simpson Strondie website. In the search engine type
in Titen HD Screw Anchor.
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Figure 415- A sample installation of the FRFP plate is
shown with the SDS screws into the wood 2x4 and the
Titen Heavy Duty Anchor Screws into the concrete
below. Generally, the edge of the top plate and bond
beam will be even. If they are uneven, shisir{ps of :
wood between 3/16 and 1%z inches can be added to fill |
the space. Note this is an example of tying 2x4 lumber
the concrete below, which is the applicable relationship
for the sill plate of the house as well as the top plate of
the house. Fortte Titen HD screw anchor, it should be <
inch in diameter and 4 inches in length. The part number is THD40400HMG. ThIS isa hex head
screw that is mechanically galvanized. The FRFP and THD are also available in stainless steel.
See the following link for more information on specifications andtallation.

Titen HD® Mechanically Galvanized Hdawiy Screw Anchor | Simpson Stromgg

(strongtie.com)

4.3.2 Tying the Truss to the Wood Plate or
Concrete Beam

Figure4-16. Totie the trussto the wood

top plate, H3clipscan be usedThe H3
allows 400 Ibs. of uplift resistance per
truss. It is useful when there is only one
wood top plate on top of the concrete

wall (see Figures-40 and 412). In this
figure, there is a double top plate
consisting of two 2x4 pieces of lumber, an
arrangement commonly used in wood
frame construction. The H3 attaches to
the top 2x4, making it also ideal when
there is only a single top plate over a
concrete structural bondbeam. Four 8d
Common nails go into the truss and four into the one wood platedskable 4

1). The H3 clip is inexpensive, readily available, and suitable for retrofit
applications.For other methods to tie the truss to the wood plates or wall (see
Figures4-17to 4-23). Theadvantageof the H3clipisthat it provides an
engineered solution to resist wind uplift loads. This is found on page 289 of the
SWCCC.

H3 Installation
(nails into upper top plate)
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Table4-1. Note About ConnectorNails

HotDip Galvanized
(HDG) or Stainless
Steel (SS)

8d 25 0.131 SS

Common

8dby 1% 15 0.131 HDG& SS

10d 3.0 0.148 HDG& SS

Common

10dby 1% 15 0.148 HDG& SS

A noteabout connector nails. Penny nails (designatedth the letter d) typically
havea certain length and diameteand are listed in the table asa Commonnail. In
addition, Simpsorlists several other sizes of connector nails depending on the
connection These are commonly specified in their catalogue. Note also that some
nails come in stainless steel while others in hot dip galvanized. It is important that
the nail and connector are the same material. When using stainless steel nails in
connectors, stanless steel ring shank nails should be used to obtain the proper
loads.

Figure 417. When there are two wood top plates
overthe concretebeam, theH10Aclip can also be
used. This tie offers more than twice the upload
protection comparedto the H3 (Figure 416).
Followthe nailingpattern on page 287 to 289 of
the SWCCC catalog. Nine 10d by 146h nails

are in the truss and nine 10d by 1% inch nails ar
in the two top wood plates. Thdnomeowner has
the choiceto usethe easierto install, andless
expensive H3r the HL0A which offers more
protection. Eitherthe H3 or H10A can be used in @ H10A

new or retrofit applications, depending on if Installation
there is access
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Figure4-18. This is the situation most
common in FSM with no top plate
between the truss and reinforced
concrete structural bond beamFor
_ ~newinstallations,the MTSM/HTSM
Mor']%‘tusfﬁgﬁ]”e’ strap offers 830 pounds afiplift
protection pertrussandis suited
whenthere is no wood top plate,
and the connection is from the
truss directly to the reinforced
concreted structural bond beam.
This can be found on page 267 of
the SWCCGC&ven 10d nails go into
the wood truss and 4 masonry
screwsg quarter inch diameter and 1%nchlong-gointo the concrete bond beam (See
Figure 419). The concrete structural bond beam must be of sufficient strength and is
reinforced with the minimum #5 rebar and hooked with vertical bars connecting the
bond beam to the CMU wall belowSee Section 4.4.3. and Figurel8.

“““““ - Figure4-19. These are Titen Turbo screws made by Simpson Stidag
for drilling into concrete or masonry (CMU). The screws can be inserted
into pre-drilled holes in the concrete structural bond beam (Figurd &)
to attach to the truss. They can also be used to fasten protective screens
onto concrete or CMU wallls to prott windows against wineborne
debris during a typhoor{See Figure-60). The screws are made of carbon
steel, zinc plated with a baked on ceramic coating to prevent corrosion
(part number TNT25134H). The screws are found on page 367 of the
SWCCC. They aaitso found as 410 stainless steel with an additional zinc
plated protective coating (part number TTN25134HSS). For the stainless
steel version, go the Simpson Strofige website and type in the part
W number.

®
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Figure 420. The HM9 is a connector
made especially for the situation where
there is no top woodplate, andthe
attachmentisdirectly from the truss to
the reinforced concrete structural bond
beam.This is the situation most common
in FSM.This is good for retrofit and new
applications. It requires 4 of the SB%
inchwide and 1% inchlong screwsfor

the truss and 5 of the ¥inch wide by 1

¥, inch Titen screws for the concrete. @ Vo Attaching
See page 262 and 263 of the SWCCC. Truss to Masonry

#5 rebar
min.

Figure 421. For new construction, the
Moswre > preferred method of tying the truss to the
concrete structural bond beam is with the
LTA2 connector. This is set into the bond
T @ beam with the LTA2 connector above the
/ ; . { reinforcing rebar and then the concrete is
poured. This has a greater uplift load than
the HM9 (1,180 vs 760 pounds) and since
it is buried in the concrete, is more
i resistant to corrosion. This can be found
R b e on page 262 and 263 of the SWCCC.
Additional connectors that can be used
with even greater upliftprotection for new construction are the META connectors
found on page 262 and 263 of the catalog.

#5 rebar
min.

The connections of the truss to the concrete structural reinforced bond beam as
shown in Figures-48, 420, or 421 in retrofit or new construction are

preferable to the common practice in the FSM of bending rebar from the
concrete/masonry walls over ttresses to hold them in place. This is not a

sturdy connection and wind uplift can allow the trusses to blow apatrt.

Besides the specific connectors shown to attach roof trusses to the concrete
structural bond beam (Figuresl8 to 421), or roof trusses to a wood top

plate (Figures 4.6 and 417), there are also steel metal straps that can serve as
a general connectidio various wood structural members (Figus22. For
example, these straps can be used to help complete the continuous load path
connection in a wood framed house (Figu4)4These could be used to tie
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the top plate to a vertical stud (Figurd 4 B), one floor to a lower floor
(Figure 441 C), or the vertical stud to the sill plate or bottom plate (Figure 4
47 D).

Figured-22. Attachingvarious wood or
roof structuralmemberswith CS16
stainless steeinetal straps (page 283 to
285 of the SWCCCJA) Structuralktraps
in acoilandwith different lengthsand
thicknessareavailable. (B)'hestrapis
cut to the desiredlength with aviation
snips (i.e., metasnippet).(C)Metal strap
cut to desiredlength. (D)Six10dor
seven8d commonnailscanbe usedto
attacheachend. Thelengthis cut as
needed,or the table on page 284 of the
SWCCC can be followéar specific
designloads.Thisisa generatpurposeconnectorfor membersthat are flush (for
example, vertical studs to the top plate, tying the first floor to the second, or
stud to sill plate (Figure 4}1)). For those at right angles to each other, bends may
be needed, and thus other connectors are more useful (for example Figures 4
16, 4-17, 418, and 420). The advantage of the coiled straps is low castithe
flexibility to adjustthe length. The CS16SS is made of stainless steel, which has
improved corrosion resistance. Different gauge straps are in galvanized coatings and
would be cheaper but not as corrosion resistaAts for all connectors, only use
fasteners and connectors that are compatible. For example, stainless steel nails
with stainless steel connectors, or galvanized nails with galvanized connectors
(see Figure 412). Do not mix metals (for example stainless steel nails and
galvanized connectors). The dissimilar metals ¢ead to accelerated corrosion.
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4.3.3Fortifying the Trusses

The typical roof structure in the FSM can be strengthened for new construction and
in retrofit applications. This begins with making sure the wood members of the roof

trusses are well connected (Figurg3).

Figure 423. To tie the roof
trusses, sometimesails
areusedin tension (nails
parallel to wind forces),
which pull out easily in
Purling -4 high winds. Stronger is the
Spacing use of wood gussets,
instead of nails to tie the
truss members together in
shear (nails perpendicular
to wind forces). Note the
purlins are spacedour
feet apart. If the purlins
were2feetaparti KS NR2F ¢g2dZ R 0SS aidNRy3ISN®D ¢ KS
08 néav NYzy LISNLISYRAOdzZ I NJ G2 GKS (NYzaaSa
The meal corrugated roof is attached to the purlins

4.3.4 The Truss-Purlin Connection

It is importanthatthepurlinsarestronglyfastened to theoof trussegFigures
4-24, 425 and 426). This can be done for new buildings and in retrofit, if a
ceiling does not cover the roof structure.

Figure 424. This is an example of tying the &
members of the truss together with wood i
gussets for an International Organization
for Migration house in Chuuk. In addition,
the trusses are connected to the purlins
with an H5SS connector. Since this tie &
longer being made, the closest analog
would be an H3SS. This is found on page
288-289 of the SWCCC -




Figure4-25. TheA35clip canalsobe usedto fastenwood at
17/16%\17/1@ right angles, suclasfor the truss-purlin connection.The
A35plate pictured here and on pag®97-298 of the
SWCC@Bas bend slots whiclallow instant, accuratefield
bendsfor all two- and three-way ties. Thereversible
designpermitsthe A35to securea greatvariety of
connectionsNine 8d 1.5inchnailsare usedto makethe
connection.Theclipisreadily availablein the FSMt is
important that similar metalsbe used.Forexample,use
stainlesssteelnailsfor stainlesssteel A35clips.Use
galvanizedhailswith galvanizedA35clips.Donot mix the
metals for the clip and fastener.

Figure 426. The A35 framing angle can
strengthen theconnectionbetweenthe trussand
purlin. ThisFigureshows how the A35 angle ca
be configured. The A35 angle is bent so that o
tab and 3 of the 8d 1.5nch nails are on the side
and bottom of the purlin.Anothertab with a
similarfastenerconfigurationisin the truss

Locations

With regard tahe trusspurlin connection, the connector to use could be the
A35, H2. 5, or H3. The key factor to c.
20 by 40) and its or i e-B3taadt426orrverticagl)ei t he
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4.3.5Fastening The Roof to the Purlins

With strong roof trusses (Section 4.3.3), and proper connection of the purlins to the
roof (Section 4.3.4), it is equally important that the metal corrugated roof is strongly
secured to the purlins (Figure2%).

Figured-27.Typically corrugatedmetal roofingis uml;‘;'ﬁ;".‘,’ead s&‘;‘.’,{'gﬂd
attachedto the purlins with nails.Evenstrongeristo ';?;'Sﬁgf_l washer

useatwisted umbrellaheadnail and rubberwasher.
Alternatively, aroofing screwwith washercanbe
used.Thesefastenerscanbe usedfor: (i) new roofs, : b
(ii) the retrofit of existingroofs, if the currentroof is N’ B 'k
damagedor (iii) asadditional fastenerson anexisting

roof.

b RO ROV

Figure 428. These are appropriate fasteners
commonly found in FSM to attach metal
corrugated roofs to the purlins.

A ¢ Ring Shank Nail with rubber washer. These
are appropriate for soft wood where splitting is
not a problem. A ring shank nail can have two to
three times the withdrawal strength of a smooth
shank nail. This is the reason ring shank nails
should be usd over smooth shank nails in high
wind areas.

B ¢ Screw Shank Nail with umbrella head and
rubber washer. This is appropriate for hard wood where splitting can be a problem.
Cc¢ Roofing screw with rubber washer. Screws have even more pull out or withdrawal
resistance than ring shank nails.
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In considering connectors for the roof, two key factorPare Through Strength
(fastener head pulling through the roofing material) \&fithdrawal Strength
(fastener pulling out of the substrate such as the wood purlins). In Fi@®etide
roofing screw with rubber washer (C) would have the greatiéistirawal strength
because screws have greater holding power than nails, even ring shank nails or
screw shank nails. The screw shank nail with umbrella head (B) would have the
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greatespull through strengtbecause of the large umbrella heladthe future,
screws with larger umbrella heads or metal caps may be found in the FSM.

All of the examples shown above have a rubber washer. The screws should not be
overdriven (rubber washer squished between the panel) or underdriven (gap
between the rubber washer and panel). Either case can lead to water leakage,
premature corrosion, andupel damage.

Use fasteners compatible with your metal corrugated roof. In a marine
environment, aluminum and aluminezmc alloys are good (See Section 4.3.7).
Stainlesssteel fasteners are even stronger, which is good for typhoon risk areas,
but there is still risk blocalized corrosion if used to attach to a Galvalume or
Zincalume roof because of dissimilar metals (Section 4.3.7 and Figdi@s44i 1

and 442). In this case, use a stainlstsel fastener with a large umbrella head or
stainlesssteel washefMheseshould be coupled with an isolation rubber washer to
minimize the risk of localized corrosiolm general, select the fasteners and
installation methods recommended by the roofing manufacturer. This should be
provided by reputable manufacturers.

Additional measureso strengthenheroof includeproviding sufficientoverlapof
thecorrugatednetalsheetsn orderto strengtherthejoints (Figure 429).

Overlap roof sheets to Figure4-29. During installation of the metal corrugated
strengthen joints .

roof, it isrecommendedhat there be at least two
ridgesthat overlap (Fronsheltercluster.org).This
shouldbe donefor new constructionandfor the
repair or replacement of existing roofs. Some
guidance recommends the overlap of three ridges
(see Figurel-34). The fasteners for the metal

Overlap corrugated roof should be installed through the

ridge closest to the edge of the overlapping upper
’M\ metal sheet.
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Figure 430. Some roofs have flat
sectionsthat differ from undulatingroof
sheetsshown in Figures 27 and 429.

In this case, fasteners to the purlins
should be in the loweflat portion of the
panel. The exceptions may be to
O2yySOG I asSry 2NJ AT
instructions call for a different
placement. Always install roofing to

the instructions of the manufacturer.
This includes the placement of fasteners
and the type of fasteners. Photo
courtesy of Christian Oakes, |IQM
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Approximate increases in uplift
pressure in the perimeter and roof
COrners versus

the interior of the roof.

=

1.8x

P

-
-~ i
4"-
st o
lf) g
’l‘/
\ pr
&
b \ g
™ -
LY
”

Figure4-31.Forhighwind
eventssuchasatyphoon,
uplift pressureto blow the
roof off will be greatest atthe
corners,roof edgesand
ridges.At the corners, wind
forces maybe 2.8times
greater than in the middle of
the roof. Atthe edgesand
ridges,1.8timesgreater
(fromthel 2 YS2 6y SN A&
Handbookto Preparefor
Natural Hazardsc HawaiW.
Forthis reasonusemore nails
or preferablyscrewsin these

areas where wind forces are greater. The house in this figure has a gable style roof
with two sloping surfaces meeting at the middle ridge line
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