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PART 1 
INTRODUCTION 

The Federated States of Micronesia (FSM) is comprised of four 
independent states from west to east of Yap, Chuuk, Pohnpei, and Kosrae 
(Figure 1-1). Within these states are 607 islands of which 61 are inhabited. 
The islands vary in topography from low-lying 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 the wide variation in elevation as well as location 
throughout the Pacific, there is a wide variation in the types and level of 
natural hazard risk.  

 

Figure 1-1. Key states in the FSM span the longitudes from 138o to 163o East, or 
a longitudinal distance of almost 1,700 miles. Latitudes of the FSM range from 

5o North for Kosrae to almost 10o for 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 regard to islands 
located near active earthquake and volcanic centers. Although 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 this handbook.  
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When a natural hazard occurs - whether it be a tropical cyclone, tsunami, 
extratropical storm, king tide, flood, sea-level rise, erosion, or drought - the 
results can be devastating for your land, your home, your family, and your 
possessions. With the impacts of climate change, communities, families, 
and homes in the FSM have become increasingly exposed to potentially 
dangerous natural hazards. 

 

This handbook was created to help you prepare for natural hazards so that 
risks to the family and property may be reduced. While it is never possible to 
eliminate all damage from a natural hazard, you as a homeowner can act and 
implement many small and cost-effective steps that could significantly 
lower your risk. Mother Nature can be intense. Your family deserves the 
protection that only you can provide. 
 

This handbook is divided into four parts. This introduction presents the 
purpose and layout of the handbook and includes a discussion of common 
myths that may have prevented you from acting in the past. A summary of the 
contents of this handbook is also provided in the form of ten action items. 
These action items are found in various parts of the book and will help guide 
you in your future preparations by emphasizing the key steps to take first.  
 
Part 2 provides basic information on natural hazards we need to plan for such as: 
tropical cyclones, landslides, floods, tsunamis, extratropical storms, King Tides, 
sea-level rise, erosion, and drought. Understanding these hazards will  allow you 
to make educated decisions about the steps to take to protect your family and 
property. Significant risk in the FSM is from typhoons and the associated 
impacts of storm surge, flooding, and wind. In addition, typhoons have been 
responsible for many of the most damaging landslides. Both landslides and 
typhoons have caused many casualties and much property damage in the 
FSM. It is important that residents of the FSM understand and appreciate 
these hazards so that proper emergency/evacuation plans can be created, and 
steps can be taken to reduce potential property damage when possible.  
 

In Part 3, there is information on how to protect yourself and your family. 
Included in this section are tips on gathering a stock of essential emergency 
supplies, creating an evacuation kit, planning for evacuation and essential 
information that the national and local emergency management agencies and 
organizations want you to know even before they issue a warning. The key 
methods of communication between scientific agencies, the local government 
and the public are presented so that you can receive important emergency 
information before, during and after a hazard. Also in this part there are key 
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characteristics of buildings that would make an ideal emergency shelter as 
well as when it may be suitable to shelter in your home or more appropriate to 
go to a shelter. 

 

The final part of this book covers protecting the home. Key concepts to make 
houses stronger are presented that may be applicable for new houses, or the 
retrofit of existing houses. Given the significant hazard risk in the FSM, it is 
important that houses are made as strong as possible so that they can 
withstand the frequent, smaller rainfall, flooding, and wind events. With 
proper design and construction, it may even be possible to withstand stronger 
typhoon winds. Part 4 will cover what makes a house strong so that 
homeowners can decide appropriate improvements to make and understand 
when it still may be required to go to a public emergency shelter.  

 
While printed copies of this handbook will be made available to homeowners 
or the public, it is also obtainable for free as a downloadable pdf file. Go to the 
websites of your local disaster coordinating officers.  
 

Updates to the handbook can be made on an as needed basis as current 
information becomes available and feedback from the public is obtained.  

1.1 Common Myths and Reasons to Prepare 

You may be among most homeowners in the FSM who have not fully  prepared for 
dealing with natural hazards because of complacency caused by several myths. The 
most quoted myths are discussed below in order to remove some of the major 
barriers to taking action and to encourage people to prepare. 

 

1) ñA natural  hazard cannot happen to me.ò Scientists agree that it is not a 
matter of IF the next typhoon or landslide will occur, but WHEN. The FSM 
has a long history of being impacted by devastating tropical cyclones with 
associated storm surge, flooding, and winds (See Section 2.1). All states in 
the FSM have been impacted by typhoons. Pohnpei, Chuuk and Yap have 
been impacted by major typhoons (See Figure 2-1). Property damage and 
casualties from typhoons have been recorded going back to the 1890ôs (See 
Table 2-2). Commonly associated with typhoons are landslides. Landslides 
that caused casualties occurred in 1997 (Typhoon Isa and Tropical Storm 
Jimmy), 2002 (Tropical Storm Chataôan), and 2018 (Tropical Depression 
Jelawat). The FSM has been fortunate regarding earthquakes and tsunamis, 
although there 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 Tides, are important reminders that the islands are very 
vulnerable to even the slightest flooding. 
 

2) ñIf a hazard occurs, it  will  not be that bad.ò When a typhoon or landslide 
occurs, the damage can be devastating. In 2015, Typhoon Maysak passed 
over Chuuk and destroyed an estimated 830 homes and 37 businesses. There 
were four 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 affected. Commonly associated with tropical cyclones are 
landslides. In 2002, Tropical Storm Chataôan hit Chuuk. The heavy rainfall 
caused over 260 landslides killing 47 people and damaging or destroying 231 
buildings. The impact of natural hazards can be devastating so it is important 
all individuals and all organizations prepare so that risk to property and lives 
can be minimized.  
 

3)  ñI survived past typhoon and landslide events, so I am sufficiently 
prepared.ò One of the greatest mistakes people can make is to believe they 
are sufficiently prepared because they have not been harmed by past events. 
Like each person, each hazard event is distinctly different. Only slight 
variations in the direction of an incoming typhoon can be the difference 
between life threatening storm surge or none at all. Slight increases in the 
intensity of the wind, or the duration of flooding can determine if your life 
or property will be threatened. Residents are encouraged to understand the 
hazards listed in Part 2 and how to receive hazard information that scientists 
are monitoring from the National Weather Service Weather Forecast Office 
in Guam (Figure 3-19), and the Weather Service Offices for each state 
(Table 3-4). They should prepare with the help and advice of emergency 
officials at your state disaster coordinating offices (Table 3-5). 
Communication methods in the FSM are listed in Table 3-6.  
 

4) ñTyphoons only threaten Chuuk and Yap so those on Pohnpei and 

Kosrae do not need to prepare.ò While it is true that Chuuk and Yap have 
greater typhoon risk (Figure 2-1), Pohnpei and Kosrae have also experienced 
typhoons in which there was extensive property damage and casualties. This 
risk on the eastern portion of FSM, especially for Kosrae may have been 
forgotten by residents because the damaging events are not as frequent. 
However historical data from 1899 to 1914 (Table 2-2) and meteorological 
data from 1945 to 2017 (Figure 2-1) show even residents of Kosrae and 
Pohnpei must be prepared with their emergency supplies and evacuation plans. 
Since the typhoon risk in Kosrae is not as great as the rest of the FSM, it is not  
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as critical that they build as strong. Still, there is a benefit to building as strong 
as possible because it is never possible to exactly quantify the hazard risk. 
 

5)  ñTsunamis do not affect atolls because they are surrounded by deep 
water, so I  am safe.ò It is true that the steep offshore profile in the FSM 
limits the growth of significantly damaging tsunami waves. Yet offshore 
modeling of more than 1,000 subduction zone locations in the Pacific 
indicates a tsunami of up to nine feet is possible (Section 2.6). Tsunamis of 
just three feet can be very damaging. Unlike wind driven waves of the same 
height, tsunamis have much greater force because of the large volume or 
mass of water behind each wave. Modeling of a magnitude 8.0 earthquake 
off the subduction zone of Papua, New Guinea generates a tsunami 
impacting FSM in under 2 hours with a height of 3-9 feet. Anyone caught 
near the shoreline or at low elevation during such an event may be washed out to 
sea, with higher risk if  it occurs at high tide than at low tide. Thus, it is 
important that all communities and individuals are tsunami ready and not 
ignore the risk. 

 

6) ñInstalling roof to wall ties (i.e., typhoon clips) does not guarantee 

there will be no damage during a typhoon, so I  will  not bother.ò Even 
though someone may wear a seat belt there is no guarantee that they will  
not be injured in an automobile accident. Yet most people recognize the 
importance of these safety devices in reducing risk and use them. 
Likewise, the measures discussed in this handbook could significantly 
reduce risk, although there are no guarantees there will be no damage. The 
most cost-effective measure to reduce risk from a typhoon is to tie the 
roof to the wall so that it does not blow off during intense winds (See 
Figure 4-4 and Sections 4.3.1 and 4.3.2). In addition, take steps to fortify 
the roof (Sections 4.3.3 to 4.3.5). The next most important measure is to 
protect the openings of a house, such as the windows (Section 4.5). These 
measures will significantly reduce risk but not eliminate it. Additional 
measures in Part 4 of the book will incrementally reduce risk.  

 

7) ñIf a natural  hazard occurs, the government will  come to the rescue.ò 

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 your family, collect your emergency supplies, have an 
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evacuation plan, strengthen your house when possible, and be self-sufficient to 
ride out a potential hazard. Often the first responder to a disaster is your neighbor. 
Work with your neighbors to prepare before, during and after a hazard so that the 
collective capabilities of everyone will make the community more resilient. 
 

8) ñMy house survived past typhoons, so I do not need to retrofit  for  future 

events.ò As mentioned previously, each typhoon is distinctly different in 
terms of threats to property and lives. For example, if the typhoon moves 
slowly, the duration of damaging winds and rain causing flooding will put 
homes and families at greater risk of damage. Small distances in the 
direction of an incoming storm can lead to high variability in the impact of 
the storm. Added to these variables is climate change and the potential for 
stronger and more frequent hazard events. Therefore, the fact that an area 
has not been damaged in the past by a 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) ñEven if  a hazard occurs, there is nothing I  can do.ò Many people pray and 
are therefore hopeful that a hazard will  not befall them. Others think positively 
and believe that it has some effect on the outcome. While everyoneôs beliefs 
should be respected, they should not be used as substitute for preparation. 
Fortunately, there are many small steps you can take to significantly reduce the 
risk of damage to life and property. The number of options available to 
homeowners has never been greater. While it is not possible to eliminate all 
risk or damage, many reasonable steps as described in this handbook to plan 
and prepare can make a major difference between life and death and 
determines whether a house survives or receives only minor or no damage. 
Thus, the information in this handbook covers two major parts for preparation: 
(i) protecting yourself and your family ï Part 3, and (ii)  protecting your 
property ï Part 4. 

 

10) ñStrengthening my house is too expensive and not worth  the effort.ò 

Here are various cost-effective ways to strengthen your house that are covered 

in Part 4 of the handbook: 

 

ω Adding roof to wall ties and window coverings offers significant protection 
alone and runs on the order of a few thousand dollars. Strengthening a 
roof structure (trusses and rafters) with bracing can be done at a 
minimal cost (Section 4.3). 
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ω While strengthening an existing roof can be expensive, consider doing so 

when you are ready to replace it with a new roof as the additional cost is 

far more reasonable.  

ω Upgrading the house foundation can be expensive but may be well worth 
it, especially if your house is your major investment. 

 
The time and money spent preparing your house to minimize damage 
from a natural hazard are just a tiny fraction of what you might have to 
spend if major damage to your house occur as a result of a failure to 
take preventative measures. By preparing and strengthening your 
house, you may be able to wait out the hazard rather than evacuate to a 
shelter. Evacuation to a shelter should be the last resort unless a typhoon 
or tsunami is approaching. There will  be minimal supplies, the simplest 
of sanitary facilities, a bare floor, and little space (max. 10 square feet per 
person - 5 feet by 2 feet). You will  have to bring your own supplies 
including bedding, medication, food, and water. By remaining at home 
during a mild to moderate hazard, you will  be in far more comfortable 
conditions and can take better care of family members, including the 
elderly, those with special needs, and pets.  
 
Whether you can shelter in place will  depend on numerous factors 
including your original house design, the retrofits you install, the 
strength of the hazard event, and if  you are in one of the vulnerable 
areas prone to wave inundation (See Table 3-3). Nevertheless, by 
strengthening your house you protect your neighbors as well as 
yourself. A house that falls apart during a typhoon will  create wind and 
water-borne debris that can damage adjacent properties. 

 

1.2 Ten Things You Can Do to Prepare 

As covered in later parts of this handbook, here are ten things you can do to 
prepare that will 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 different. Even for each island in the different 

states, there will be differences. Review Part 2 of this handbook and plan 

especially for tropical cyclones, flooding, landslides, and tsunamis. A good 

understanding of science will help you decide what are appropriate steps to 

take in terms of gathering emergency supplies (Section 3.1), evacuation 
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planning (Section 3.3), or making improvements to your home (Part 4). Work 

with your Weather Service Offices (ñWSOò - Table 3-4), your disaster 

coordinating office (DCO ï Table 3-5) and community leaders (e.g., mayor or 

chiefs) to help you understand risk and where to go during an emergency.  

 

2) Gather your emergency supplies now. The good news is many items you 
need are in your home already (see Part 3 ï Section 3.1). Check and restock 
each month so that the supplies are complete, not outdated, or used. Expiration 
dates, which are hard to read because of small print, can be made more visible 
on the packaging with a permanent marker. Avoid rushing to a store during an 
emergency to gather your supplies. There will be long lines and empty shelves 
- you will only add to the crowd and confusion. The guidelines in the book for 
seven days of emergency supplies are suggestions. If it is too burdensome to 
gather everything in the list due to cost or lack of space, gather as much as 
you can. For households in which it is not a burden to gather supplies, collect 
the amount suggested and a little more for your neighbor.  

 

3) Compile your evacuation kit.  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 three days. The kit should already be assembled and checked before 
typhoon season (see Part 3, Section 3.2). The supplies in your evacuation kit 
can be kept in a back pack or duffle bag so they are ready to go at a momentôs 
notice.  

 

4) Create hazard specific evacuation plans for  typhoons, landslides, and 

tsunamis. They are different . For a typhoon (Section 2.1), your plan may 
include sheltering in your house if it is not subject to flood or landslide risk 
and is sufficiently strong (See the Shelter in Place Table (Table 3-3)).  

Å If you cannot use your house, use a suitable alternative structure (a friend or 
relativeôs house that is stronger) or a public emergency shelter that is 
officially open [listen to local radio and television (see Part 3)]. An ideal 
emergency shelter will have the characteristics listed in Section 3.3.2. These 
will be schools but could be another building if the school is close to the 
coastline.  

Å For a landslide ï 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.  

Å For flooding and wave inundation, do not shelter in your house if it is subject 
to these risks as indicated by past events. The threat from these water threats 
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can be significant during a typhoon or tsunami. Extratropical 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 official public shelters. In creating your 
emergency/evacuation plan, it is something that should be considered during 
good weather conditions, well ahead of a hazard warning. Decisions 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 Offices (WSOs), 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 local weather service offices (Table 3-4) if you have questions on hazard 
science and risk in your area. Work with your disaster coordinating office 
(DCO ï Table 3-5) and municipal leaders (e.g., mayor or chiefs) if you have 
questions about the risk in your area or need help in creating an 
emergency/evacuation plan. Many municipalities have already developed 
Municipal Disaster Preparedness Plans (MDPPs ï see Figures 3-20, 3-21 and 
3-22).These MDPPs will identify municipal leaders, evacuation sites, 
evacuation routes and lines of communication.  In Section 4 of the MDPP is 
the Hazard, Vulnerability & Capacity Mapping (HVCM) sub-section which 
will have a list of emergency/evacuation shelters. Use the information in the 
HVCM, as well as the information in Parts 2 and 3 of this book to help create 
your emergency evacuation plan. Discuss, refresh, and practice drills of your 
evacuation plan with your family, neighbors and community each year before 
typhoon season in February or March (Figure 2-5).   

 

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 USAIDôs Office of Foreign Disaster Assistance.   

 

6) Know how to receive emergency information from the Weather Service 
Office (WSO) and the Disaster Coordinating Office (DCO). Scientists at 
the National Oceanic and Atmospheric Administration (NOAA) are always 
monitoring conditions in and around the Pacific Ocean. Satellites, tsunami 
buoys, and seismometers check for severe weather, earthquakes, and 
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tsunamis. When a potential hazard event occurs, emergency information will 
flow from the Weather Forecast Office in Guam to WSOs (Table 3-4) and 
DCOs (Table 3-5). Information will then be sent 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 Table 3-6 to be sure you can 
receive emergency information. It is best that you have redundancy, or 
multiple methods of communication, so that if one method fails, another can 
still inform you. Especially important for the outer islands is to know how 
emergency information gets distributed through your community (Section 
3.3.3 and Figures 3-20, 3-21 and 3-22). 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 (MDPP ï Figure 3-22), which will 
outline the flow of emergency information in your community. If your 
municipality does not have an MDPP, work with your DCO and municipal 
leaders to develop one.   

 

7) Know your property and take appropriate action to reduce risk. Look at 
where you are located. If trees overhang your house, consider trimming or 
cutting the branches overhead which may damage your house or roof in a 
storm (Figure 4-75). Are you located near the ocean or a stream which may 
increase the risk of flooding or wave inundation. Another indication of hazard 
risk for your property is if it has been impacted by flooding or wave 
inundation in the past. A good indicator of hazard risk is the history of 
threatening events  for a given location. Because landslide risk is significant 
in the high islands of the FSM, know how to identify this risk for your area 
(Section 2.2). An understanding of your surroundings will help you to make 
appropriate emergency/evacuation plans and to take action to strengthen your 
house.  

 

8) Know your house and take appropriate action to strengthen it.  
When was your house built and what type of wall structure does it have (See 
Figure 4.2.2). Is your house in good condition? Does it have connectors to tie 
the roof to the wall or the wall to the foundation? This is called a continuous 
load path connection (Figure 4.2.4). When will you need to reroof? Look at 
your blueprints if they are available. Homeowners can take steps to strengthen 
their house by fortifying their roof, usually the weakest part of the house 
(Section 4.3). Some houses may already have roof to wall ties, and strong 
connectors from the wall to the foundation. If  your house was not built this 
way, you can still retrofit parts of the house at a reasonable cost. If there is 
access, start by tying the roof to the wall, so that the roof does not blow off 
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during strong winds. Fortify the roof at key intersections such as at the trusses 
and for connections from the truss to purlin and purlin to metal corrugated 
roof. If access to your roof is a problem, you can still strengthen your roof 
when it is time to reroof, or if there is need for repair after a major storm. All  
households should consider the many options now available to protect your 
windows and doors. The steps a homeowner can take will vary with each  
 
house, but for most homeowners, there are a few steps that can make a 
significant difference (see Part 4).   
 
Do not gamble with your house. Obtain adequate insurance if  it is available, 
and make sure to read any fine print to see what is covered. Consider efforts to 
strengthen your house as your most important home improvement project. 
Most projects are not that expensive. For the more costly ones, a small home 
improvement loan and potential discounts from natural disaster insurance 
premiums may make these retrofit projects within reach. It is a great 
investment to strengthen your house and provide more protection for your 
family (see Part 4). 

 

9)  Seek the assistance of a qualified, licensed architect, structural  

engineer, or contractor and work with your partner hardware stores. 

Even if you have some building experience and can do some of the work 
yourself, it is always best to seek the advice of a qualified architect, engineer, 
or building contractor beforehand. Each house is slightly different and 
qualified professional assistance is important. You can obtain leads for trusted 
references from friends and family, emergency management agencies and 
organizations, or individual contractors on-island. Also work with your local 
hardware stores, many who are partners in this Handbook for their help and 
tips on improving your home.  

 

10)  Work with y our neighbors and help the community. It is important to 
know your neighbors and help everyone in the community. After a natural 
hazard, the first people to provide emergency assistance is likely to be your 
neighbor. Work with your community on evacuation planning, receiving 
emergency information, or how to strengthen your home. If you can create a 
hazard specific evacuation plan, share it with your neighbor. If there is an 
emergency warning, make sure you and your family know, as well as your 
neighbors. If you have extra space for emergency supplies, gather more than 
recommended to share with those in need. Always plan to help those in your 
community who may not be physically or financially able to help themselves. 
This could include the elderly and/or handicapped. 
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PART 2 
INATURAL HAZARDS: 

An Overview for 

Homeowners 
 
This part of the handbook covers the natural hazards of most concern to the FSM. This 

includes: (i) tropical cyclones (tropical depressions, tropical storms, and typhoons), (ii) 

tsunamis, (iii) extratropical storms, (iv) King Tides, (v) floods, (vi) sea-level rise, (vii) 

erosion, (viii) drought and (ix) landslides. It is important to distinguish the hazard event 

and process. For example, a typhoon is an event that can cause erosion, wave inundation, 

flooding, and high wind damage. Sea-level rise is an event that can cause erosion, wave 

inundation and flooding damage. Notice that some of the major impacts we plan or 

design for such as erosion, wave inundation and flooding can be caused by multiple 

events (typhoon, tsunami, sea-level 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 well-defined circulation pattern around a low-

pressure system. In the FSM, 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 Depression ï Is an organized system of persistent clouds and 

thunderstorms with closed low-level 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  ï If the tropical depression grows in strength, it will become a 

tropical storm once the maximum sustained winds reach between 39 and 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 FSM 

could be severely damaged by a tropical storm. The risk to homes can be 

significantly reduced by following the retrofit measures in Part 4 of this book. 
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3. Typhoon ï A tropical storm becomes a typhoon when the maximum sustained 

winds reach or exceed 74 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 well-constructed houses in 

the FSM can sustain damage from a typhoon. The retrofits in Part 4 of this book 

are important to help reduce the risk of potential property damage. Whether a 

house should be used to shelter in during a typhoon depends 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 Figure 2-1, typhoon risk in 

the FSM varies with each state. Even where the risk is the lowest, it is serious 

enough that the threat must be planned for by the entire community.   
 

4. Super Typhoon ïA typhoon is considered a super typhoon once the maximum 

sustained winds reach 150 miles per hour, as classified by the U.S. Joint Typhoon 

Warning Center. This is compared to a major hurricane with winds over 111 miles 

per hour (sometimes referred to as a major typhoon) in terminology used by the 

National Hurricane Center. Because of FSMôs location at a low latitude (close to 

the equator) and a longitude where most typhoons are just beginning to form 

versus where they have had a chance to strengthen, most tropical cyclones never 

attain super typhoon strength in the area around the FSM (See Figure 2-1).  

Farther north and west, super typhoons are more common.  For example, Super 

Typhoon Haiyan/(Philippines: ñYolandaò) struck the Philippines in November of 

2013 with maximum sustained winds of 195 miles per hour (see Figure 2-2).  This 

was the strongest recorded typhoon to make landfall in history. 
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Figure 2-1. 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, rain, and waves.  
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Figure 2-2.  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 
flooding. It strengthened to a tropical 
storm, and then to a category 1 typhoon 
near Chuuk 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 
Hurricane Tracks. 
 

 
In 2015, Typhoon Maysak caused extensive damage in the FSM, with most of the damage in Yap 

and Chuuk States (Figure 2-3).   

 
Figure 2-3. 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 to the 
wind (fallen trees or wind-borne 
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 northwestward 

across the FSM, affecting islands of all 4 states (Figure 2-4). Six Chuuk State Island Warning 

Points were placed into Tropical Storm or Typhoon Watches and/or Warnings (see Part 3 for 

explanation of ñwarning pointsò and also the 2019 USAID and FEMA report). Three Yap State 

Island Warning Points were also placed under Watches and/or Warnings.   
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Figure 2-4. Typhoon Wutip 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 
NOAA Historical Hurricane Tracks. 

 
 
 
 
 
 

 

During Typhoon Wutip there were damaged areas in Pohnpei, Chuuk and Yap associated 

with storm surges, strong winds and saltwater inundation (2019 USAID/FEMA report). 

Damage assessment reports indicate 800 homes were affected: 151 destroyed, 200 

sustaining major damage, and 442 sustaining minor damage.  Most of the damaged 

homes were in Chuukôs Northwest and Mortlocks regions.  

 

Unlike other ocean basins, the FSM region can produce tropical cyclones at any time of 

the year, save for an ñoff seasonò with a distinct minimum in February and the first half 

of March (Figure 2-5). Yet as Wutip showed in February 2019, residents should be 

prepared year-round.  

 

Figure 2-5. Frequency of tropical cyclones in the northwest Pacific by month (Pidwirney, 2012). 
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 2-6). 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 in 

how houses are built or retrofitted 

and also assist in decision-making regarding evacuation/emergency planning, which are 

key components of this book.   
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Figure 2-6. With a typhoon, there are the 
impacts of erosion/scour of the coastline.  In 
addition, there is storm surge and flooding.  
Finally, the impacts of high winds must 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.  

 

Erosion ï When more sediment leaves a shoreline area by physical processes than is 

deposited by biological and physical processes, then erosion of the coastline occurs. This 

is typically seen by retreat of the shoreline and a vertical cut in the vegetated dune.  
 

Scour ï 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 Surge This is the abnormal rise of water generated by a storm or a low-pressure 

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 dry land. Damaging waves can also come from a tsunami, or a distant extratropical 

storm, and impact structures. 

 

Flooding ï Flooding from tropical cyclones can come from freshwater and seawater. 

Flooding is the accumulation of water over land, caused by storm surge (seawater) and/or 

by heavy rainfall and poor drainage (freshwater). Rising sea-levels can also increase 

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

ground.  

 

Wind  ï Winds associated with a tropical storm or typhoon 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 damage (erosion/scour, wave inundation, 

flooding, and wind) are summarized in Table 2-1. 
 

Table 2-1 ï Summary of Major Impacts/Damage from Tropical Cyclones 
Tropical 

Cyclone 

Wind Speed  Likely Hazard 

Impacts  

Comments  

Tropical 

Depression 

38 mph or less Freshwater/Flash 

Flooding from High 

Rain, Potential 

Landslides 

Associated with 

Flooding  

Water from a tropical 

depression can enter a home 

from the top as rain, or from 

the bottom as a flood.  

Tropical 

Storm 

39 to 73 mph Freshwater/Flash 

Flooding, Potential 

Landslides Erosion, 

Storm Surge, Wind  

Impacts will vary depending on 

strength of the tropical storm, 

duration, and location. Storm 

size and speed of motion can 

also effect impacts to the island. 

Typhoon 74 to 149 mph Freshwater/Flash-

Flooding, Potential 

Landslides,  

Severe Erosion, 

Flooding Storm 

Surge, Wind 

Risk varies with least risk in 

Kosrae State and most at Yap 

State. Yet all Islands need to 

plan for Typhoons. 

Super 

Typhoon 

150 mph or 

greater 

Freshwater/Flash 

Flooding, Potential 

Landslides, 

Catastrophic 

Erosion, Storm 

Surge, Wind 

Super typhoons in the FSM are 

not common, but not out of the 

question.  Several typhoons in 

the last decade reached super 

typhoon status following 

departure from the FSM.  

There is no history of a super 

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 to the book 

ñTyphoons in Micronesia,ò by Professor Dirk Spennemann. This book summarizes 

accounts of serious casualties and property damage from typhoons that were documented 

during the German colonial period from 1899 to 1914. Table 2-2 shows a sampling of 

some, but not all of the 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 FSM handbook.   
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Table 2-2 ï Historical Data on Typhoons damaging the FSM from 1891 to 1914.  

Event Location Hazard Process Property 

Damage 

Casualties 

1891 Typhoon  KOSRAE Wave, wind Damaged 

buildings & 

houses, blown 

roofs 

 

1895 Typhoon Sorol, YAP   Reported 100 

1905 Typhoon  KOSRAE Waves, floods,  

wind 

Houses destroyed 

ï roofs lost 

5 ï from 

flying wind 

borne debris 

1905 Typhoon  Pingelap, Mokil, 

POHNPEI 

Erosion, waves, 

rain, wind, 

landslides  

Houses destroyed 

ï roofs lost 

18 ï high 

wind and 

flying debris 

1905 Typhoon  Sorol, YAP    Entire 

population but 

2 

1905 Typhoon Fununu, 

Nomwin, 

CHUUK  

Storm surge, 

erosion, wind 

 Women & 

child drown 

1905 Typhoon  Namouito Atoll, 

CHUUK 

Wave, wind  All dwellings and 

boats washed off.  

 

1907 Typhoon  Lukunor, 

CHUUK 

Storm surge, 

erosion, waves, 

flooding 

 14 

1907 Typhoon  Satawan, 

CHUUK 

Storm surge, 

erosion, waves, 

flooding 

Satawan - 

Buildings blow 

over ï Ta -  

houses washed off 

31 Satawan 

131 Ta 

1907 Typhoon  Elato, YAP   Storm surge, 

wave.  Higher 

than a human. 

  

 

Event Location Hazard Process Property 

Damage 

Casualties 

1907 Typhoon Ifaluk, YAP Erosion, storm 

surge, waves 

On islets Falalap 

and Feladjik, all 

houses destroyed 

Estimated 25-

35 

1907 Typhoon  Lamotrek, YAP Erosion, storm 

surge, waves 

estimated at 8 

meters 

  



20 
 

1907 Typhoon Puluwat, 

CHUUK 

Erosion   

1907 Typhoon  Ulithi Atoll, YAP  Waves, wind Houses blown 

over damaged 

 

1907 Typhoon  Woleai Atoll, 

YAP 

Large waves, 

flooding, 

erosion, wind 

Houses destroyed, 

islets washed 

away 

200 over 6 

islands in 

atoll, 

survivors tied  

to tree tops 

      
   The data from 1945 to 2017 in Figure 2-1, show significantly less typhoon risk for Kosrae and 

Phonpei versus Yap and Chuuk. However, the historical accounts by Spennemann in the late 
муллΩǎ ŀƴŘ ŜŀǊƭȅ мфллΩǎ ƛƴŘƛŎŀǘŜ ŀƭƭ ǘƘŜ ƛǎƭŀƴŘǎ Ƴǳǎǘ ŎƻƴǎƛŘŜǊ ǘƘƛǎ Ǌƛǎƪ as all States have 
experienced typhoon related casualties. This 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 emergency 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 Cerovski-Darriau 

of the U.S. Geological Survey. A landslide is the downhill movement of soil, rock, plants, 

and other debris. Landslides in the FSM usually happen during, and soon after, tropical 

storms and typhoons. However, weak, slow-moving tropical disturbances and tropical 

depressions can also generate significant rainfall that can trigger landslides. Some 

landslides can move fast, and some are slow.  

 

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 quickly - faster than a person 

can walk or run. As fast landslides move downslope, they can become a flowing landslide 

(called debris flows) that move at high speeds and travel far from where they started ï 

even over relatively flat ground. During intense rainfall events, landslides can start 

moving in seconds to hours. The rainwater combines with the soil, rocks, and plants and 

can make a very fast-moving 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 where 

they go. Where a landslide starts, the ground breaks up as it moves downslope, removing 

support for buildings, roads, and other structures. Structures often collapse and suffer 

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 a 

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 risk of being buried or 

destroyed and this puts human lives at risk (Figure 2-7) 
 
Figure 2-7. View of the Necap 
landslide triggered by rainfall from 
¢ȅǇƘƻƻƴ /ƘŀǘŀΩŀƴ ƻƴ Wǳƭȅ нΣ нллнΣ ƛƴ 
Chuuk State. The landslides started 
high on the slope and rapidly moved 
downslope across the flat area to the 
ocean. The Necap landslide destroyed 
homes and killed 14 people. Image 
from U.S. Geological Survey Open-File 
Report 2004-1348. 

 
Slow landslides ï Slow landslides 

are usually a risk to buildings and 

infrastructure, such as water pipes or power lines. Slow landslides may have first moved 

hundreds to thousands of years ago and then stopped. They 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 walk 

away, but buildings and infrastructure can be severely damaged. The landslide will 

eventually stop moving, but the landslide could also move for many yearsðeither 

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 up the ancient landslide may be weak and can lead to fast landslides or 

slow ones (Figure 2-8).  

 



22 
 

Figure 2-8. 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 
/ƘŀǘŀΩŀƴ ƻƴ Wǳƭȅ нΣ нллнΦ ¢ƘŜǎŜ Ŧŀǎǘ 
landslides started from a 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 to faster or slower 
landslides. Ancient landslides can start 

moving again (or reactivate) after many days 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 rock, now regrown with plants, from when this landslide moved a long time ago. 
Image from U.S. Geological Survey Open-File Report 2004-1348. 

The inset to the left 

summarizes some of the most 

damaging landslides in the 

FSM. Due to the threat to life 

and property, it is important to 

be able to recognize landslide 

threats and act accordingly. 

Preparation begins by being 

able to recognize landslide 

risk. This is in the section 

below. Part 3 of this book 

covers creating 

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 of 

a hill, it could be at risk. Landslides that move down a steep slope may continue moving 

across flat ground, such as in Figure 2-7, and destroy or damage houses farther away. 

Though you cannot move your home, you can be aware of the signs of possible landslide 

activity (see inset).  

Significant Fatal Landslide Events 
 
1997: Heavy rain from Typhoon Isa and Tropical Storm Jimmy 

triggered over 30 landslides in Pohnpei killing 20 people and 

destroying many homes.  

 

2002: Rains from Tropical Storm Chataôan hit Chuuk. The 

storm caused over 260 landslides, killing 47 people, injuring at 

least 100, and damaging or destroying 231 buildings including 

homes, schools, community centers, and medical dispensaries.  

 

2018: Rains from Tropical Depression Jelawat caused many 

landslides on Pohnpei that killed at least 1 person and destroyed 

homes, roads, and bridges. 
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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 infographic on debris 

flows and landslides:  

https://www.usgs.gov/media/images/landslide-safety 

 

 

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. Though this landslide 

may not be fatal, it can be a nuisance and a threat to a home.   

 

The U.S. Geological Survey (USGS) is making landslide hazard maps for the FSM. The 

maps identify rapid landslide hazard areas and where a landslide may start, where it may 

fall and deposit, and if the landslide falls into a stream channel, where the landslide may 

continue to travel as a debris flow, which can travel long distances from where a 

landslide starts and threaten life and property. Figure 2-9 shows an example of a 

preliminary landslide hazard map. The final maps will be available from the USGS at 

the following location: 

 

https://www.sciencebase.gov/catalog/item/6619520ad34e7eb9eb7dcacb  
 

 

Signs of possible landslide activity 

¶ Stream or water flowing down a slope 

where water has never flowed. 

¶ Sound of cracking or snapping trees or 

utility poles. 

¶ Rocks and debris are occasionally falling 

and rolling down a slope. 

¶ Trees, utility poles, or other tall objects are 

leaning. 

¶ New cracks in the ground  

¶ Parts of the hill have moved and exposed 

bare soil or rock. 

¶ Heavy or long periods of rain, such as 

during a tropical storm or typhoon.  

 

https://www.usgs.gov/media/images/landslide-safety
https://www.sciencebase.gov/catalog/item/6619520ad34e7eb9eb7dcacb
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Figure 2-9. Preliminary map from the USGS 
showing the hazard areas for fast landslides. The 
'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 travel a longer distance, and then 
stop far downslope. The purple areas represent a 
particular destructive type of fast-moving 
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 storm. It would be 

best to work with local emergency managers to develop 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 

waters and storm surge, and iii) in a structure that can withstand high winds from a 

typhoon.   

Once the USGS maps are finalized, homeownerôs and emergency managers, working 

together should use them to help plan for emergency/evacuation. At the time of this 

writing, only generalizations can be made. Where there are steep mountains, such as for 

Chuuk, Kosrae, and Pohnpei, the risk increases for flash floods and dangerous landslides 

or debris flows. Not all islands in these States are steep, but many are. Where the terrain 

is less steep, such as in Yap, the risk of flash floods, landslides or debris flows is much 

less.  

 

2.3 Flooding 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 large- and small-scale 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 the 

lowest low tides of the year. Figure 2-10 explains how the King Tides developed.  
 
Figure 2-10. The highest tides of the 
month occur during the new moon 
(top) and the full moon (bottom).  
Gravity from the moon and sun 
combine to create the strong tides.  
Higher tides occur 3 to 4 times per 
year when the moon is full or new, 
and the moon is at its closest 
Ǉƻǎƛǘƛƻƴ ǘƻ ǘƘŜ ŜŀǊǘƘΦ ¢ƘŜ ƳƻƻƴΩǎ 
distance to the earth varies since its 
orbit is not circular but elliptical. The 
Earth also has an elliptical orbit 
around the sun. The moon has a 
greater gravitational effect on the 
tides than the sun, but when the 
effects of the moon and the sun 
combine when Earth is closest to the 
sun (January), the tidal fluctuations are even greater. Image courtesy of NOS and NOAA.     
 

King Tides are often associated with climate change as they provide a glimpse of future 

sea-level rise impacts. However, King Tides have nothing to do with climate change. 

They are an astronomical phenomenon, and the timing can be accurately predicted 

because they are based on the orbits of the earth and moon.   

 

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

water level so high during high tide that the shoreline becomes more susceptible to 

erosion, flooding, and wave inundation (see Figure 2-11). 

 
 
 
 
 
 
 

http://sanctuarysimon.org/news/wp-content/uploads/2013/01/Fig1-Perigean-spring-tides.png
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Figure 2-11. During the December 3-9, 
2021 King 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 coincided with elevated 
water level from La Nina, as well as 
large offshore waves and swell from a 
distant storm against a backdrop of 
long-term sea level rise.  

 

The December 3-9, 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 La 

Nina). The bottom line is that flood risk will increase over time and thus residents 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 are mid-latitude 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). Such a swell can travel 

thousands of miles from the far North Pacific and the South Pacific. Figure 2-12 shows 

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

Figure 2-12. 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 grow in height, impacting FSM as surf. 
Image courtesy of Byron Inouye at the 
University of HawaiΨi. 

 

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 sea-level rise will cause significant flood 

damage (Figure 2-13).  
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Figure 2-13. Example of ocean water entering a 
house during the December 3-9, 2021 
inundation event. This event was due to the 
combination of King Tides, large ocean swell 
from a storm system near the Marshall Islands, 
and a tropical cyclone west of Guam. The house 
is located in Losap Island in the upper Mortlocks 
section of Chuuk. Photo Courtesy of Crystal 
Angela Sana-Ekichy. 
 

Residents should adjust or adapt to increased flooding risk over time. Options to consider 

are covered in Part 4 of the handbook. Sea-level rise will also serve to increase flooding 

risk and frequency, and is covered in Section 2.4 on climate change. 

 

2.3.3 El Niño Southern Oscillation ENSO 
 

The El Niño Southern Oscillation or ENSO (pronounced ñen-soò) is a climate condition 

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) El Niño (Figure 2-14), 2) La Niña (Figure 2-15) and 3) a neutral condition 

which is in between the two extremes.   
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Figure 2-14 ς This Figure shows the 
difference in average ocean temperature 
with warmer waters in red and cooler in 
blue. During El Niño, 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 Pacific (seen 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 for 
the formation of tropical cyclones, which 
can then travel west to threaten the FSM. El 
Niño may impact the FSM with increased 
temperatures, less rainfall, and more 
drought. From NOAA Climate.gov ς What is the El Niño-Southern Oscillation in a nutshell? 
What is the El NiñoςSouthern Oscillation (ENSO) in a nutshell? | NOAA Climate.gov 
 
 
 

Figure 2-15 ς At the extreme opposite is La 
Niña. In this condition, easterly winds 
along the equator are even stronger. This 
results in cooler sea surface temperatures 
in the Central and Eastern Pacific, depicted 
in blue. Cooler waters result in less tropical 
cyclone activity. FSM may also experience 
lower temperatures, more rainfall and less 
drought. From NOAA Climate.gov.   
 

 
 
 
 

 
 

 

 

 

https://www.climate.gov/news-features/blogs/enso/what-el-ni%C3%B1o%E2%80%93southern-oscillation-enso-nutshell
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Every 2-7 years, the conditions in the Pacific are likely to oscillate between El Niño, 

Neutral and La Niña, which 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 Discussion at the NOAA National Weather Service Climate 

Prediction Center (Climate Prediction Center: ENSO Diagnostic Discussion (noaa.gov)).   

 

Rainfall can cause flooding even away from coastal or stream areas. All that is needed is 

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 past. If an area is 

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 La Niña when 

precipitation amounts tend to be higher.   
 

2.4 Climate Change in the FSM 
 

Climate change is associated with the gradual warming of the Earthôs atmosphere and 

oceans through the buildup of greenhouse gases. Atmospheric concentration of carbon 

dioxide, a key greenhouse gas, has increased by about 40 percent since 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 most 

important ones that are covered in this section include sea-level rise, drought, wildfire, 

extreme heat and erosion.  

 

     2.4.1 Sea-Level Rise 
 

Rising sea levels due to the thermal expansion of water and the melting of glaciers and 

ice sheets is associated with the warming Earth. There has been historical sea-level 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 fuels. Sea-level rise is measured by satellite 

and tide gauges (Figure 2-16).   

 

https://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/ensodisc.shtml
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Figure 2-16. Sea-level rise data from 
1993 to 2020 for Pohnpei.  
Measurements from satellite data 
are in blue and from tide gauges in 
brown. The dashed trend lines are in 
close agreement, and both show 
sea-level is increasing with time. The 
trend is a rise of .52 cm/year or 2 
inches per decade. Data can be 
obtained online at: The Sea Level 
Explorer (colorado.edu) which is run 
by the University of Colorado 
Boulder, University of Hawaii Sea 
Level Center and NASA Jet 
Propulsion Lab.   

 

While 2 inches of sea-level 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 or 

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 1.6-foot higher water heights when wave heights are 

added on top.  

4) Combining King Tides, sea-level 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 property damage.  

 

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 risk in the FSM  

can be obtained using the U.S. Drought Monitor (Figure 2-17).   

 

https://ccar.colorado.edu/altimetry/
https://ccar.colorado.edu/altimetry/
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Figure 2-17. With the U.S. Drought Monitor, residents of the FSM can find their drought risk 
(see U.S. Affiliated Pacific Islands (USAPI) | U.S. Drought Monitor (unl.edu)). This information 
is also available on the National Weather Service webpage (Drought 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), Woleai has moderate drought (D1), and Chuuk Lagoon is abnormally dry (D0). 
This assessment is updated on a weekly basis. The NWS on Guam issues a bi-weekly 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 increases.  

Data from Pohnpei from 1953 to 2009 show an increasing warming trend. See the report 

ñInternational Climate Change Adaption Initiative.ò Associated with the increases in 

temperature, the amount of annual rainfall in Pohnpei has decreased (Figure 2-18).  

 

https://droughtmonitor.unl.edu/CurrentMap/StateDroughtMonitor.aspx?USAPI
https://www.weather.gov/gum/droughtinformationstatement
https://www.weather.gov/gum/droughtinformationstatement
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Figure 2-18. This figure shows the 
amount of annual rainfall in 
Pohnpei from 1950 to 2009 with 
El Nino years in blue and La Niña 
years in grey. Although there is 
variation, the trend is a decrease 
in the amount of rainfall for 
Pohnpei over the 1950 to 2009 
period. From Australian Aid, and 
the Australian Government ς 
Bureau of Meteorology and Department of Climate Change and Energy Efficiency and CSIRO. 
 

Lower rainfall over a long-term period will result in an increase in the frequency and 

severity of drought conditions. When 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 increase as 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 reefs. For either 

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 reef islands are naturally dynamic features, with their shoreline moving 

because of changes to the physical and biological environment. Reef islands 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 2-19). 
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Figure 2-19. 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 large-scale processes 
that determine where sediment 
accumulates over time.  
 

 

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 (Figure 2-20). Lagoon shorelines are 

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

Figure 2-20. 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 continue to 

generate sediment that may be added to the island. Conversely, an unhealthy reef may not 

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 grow upwards as sea 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 shorelines 

and by nearshore herbivore fishing pressure in proximity to an urban center. This can 

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

Fig. 4.4.2 Berm-building on Coral Atolls 
(from Ford 2013, p4)
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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 and sea-level rise. Over time, 

buildings or houses placed too close to the shore can be threatened or undermined. The 

best way to deal with this problem is to plan for erosion and create a buffer to allow for 

short-term and long-term changes in the beach. Some best practices to deal with this 

problem are found in Part 4 of the handbook.  

 

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 (Figure 2-21). 
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Figure 2-21. Around the Pacific Rim are a series of trench systems marked by green lines 
where the ocean floor sinks under the overlying crust. Sudden movement at these trench 
systems cause subduction zone earthquakes, and if large enough, the generation of a tsunami 
by the displacement of large volumes of water. From 1849-2020, 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 significant events were the 2011 
Japan tsunami which caused an approximate 8-inch wave observed in Yap and the 1960 Chile 
event, causing an approximate 1 foot wave in Chuuk. Data courtesy of Dr. Laura Kong ς 
International Tsunami Information Center.  
 

Tsunamis are most destructive for coastal areas when the ocean waves encounter a 

shallow offshore profile. As the waves approach shallow w ater 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 is 

a steep drop off outside of the fringing reef, or reef 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 

three-foot wave can cause significant damage, and ii) there are many scenarios that FSM 

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 Figure 2-22).  
 
Figure 2-22. Satellite image of the volcano 
in Tonga in January of 2022. Photo 
courtesy of NASA. This underwater volcano 
triggered a tsunami warning in Alaska and 
California, but because of the steep 
seafloor off the FSM island chain, no 
tsunami was anticipated, and no warning 
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 with possible 

heights of up to 9 feet (Figure 2-23).   
 

Figure 2-23. Modeling of a 
hypothetical Magnitude 8.0 
Earthquake off the New Ireland 
subduction zone off Papua, New 
Guinea. The wave reaches the 
FSM in 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 of one foot or more can be dangerous, and over three feet can be very 

damaging. Even though tsunami impacts have not been great in FSM historically, the risk 

is still present as shown in Figure 2-23 and needs to be planned for. FSM should plan for 

potentially greater tsunami impacts in terms of coastal wave heights and 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 Ready, 

and this means knowing where to go for a potentially damaging tsunami. This will be 

covered in Part 3 of the handbook on emergency /evacuation planning.  
 

2.7 Earthquake Hazards 

 
Earthquake risk in the FSM is 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 (Figure 2-24).   

 
Figure 2-24. Earthquakes occur 
where the Pacific Plate subducts 
under the Philippine Plate at the 
Yap Trench. The red dots indicate 
shallow earthquakes that are less 
than 69 km (<42.8 miles). The 
green dots represent deeper 
earthquakes and are located to the 
north of the Yap Trench, along the 
Mariana Trench. Seismic risk is 
greatest for the islands closest to 
these Trench Systems such as Yap.  

 
Earthquakes in the FSM have three potential hazards that residents should consider. First, 

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. Also, an 

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 these three threats will 

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

  
2.8 Hazard Summary  

 

The FSM has a diverse and unique suite of hazard characteristics. Understanding these 

hazards will determine what must be considered in later sections of this handbook. 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 eastern states 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 for in creating emergency/evacuation plans as well as home 

strengthening.  

 

2. Concurrent Landslide Risk - Many of the major landslides in the FSM 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 resistant 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 will be required to find the safest locations to 

address the dual threat of tropical cyclone and landslide risk.  

 

3. Increasing Flooding Risk from Coastal Inundation ï The risk of flooding is 

associated with many factors such as tropical cyclone activity, near and far storm 

events, King Tides and erosion. Sea-level rise will increase that risk for two 

reasons: i) higher water levels will tend to cause shoreline erosion and 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 observing the locations most impacted 

during King Tide events.  

 

4. Increased Drought ï 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.  

 

5. Tsunami and Earthquake Hazards ï Historically, 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 some of the most 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 or earthquake risk, the lack of a major event in 

The FSM does not mean there wonôt be one in the future.  
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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 an 

evacuation plan for a tsunami, typhoon, landslide, or flood. This is important, because the 

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 for a 

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 every month to make 

sure they are in good condition. Expiration dates can be marked on the packaging in large 

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 hardware or grocery store 

(see Table 3-1).  

 

Table 3-1 Emergency Supplies Checklist 
 

 

Item Picture Comment 

Portable radio 

with extra-long 

life batteries 

 

 

 

Important to receive emergency instructions  

from government officials. See information  

in the table below for applicable emergency  

radio stations for each state. Carry spare batteries. 

To prevent corrosion, store batteries in original 

packaging until ready to be used. Another 

alternative to batteries is a radio with  

a built-in wind-up generator. 
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Portable 

flashlight 

with extra-long 

life batteries 

 

Flashlights with light emitting diodes (LEDs) use 

very little energy and thus will last much longer  

on a set of batteries. To prevent corrosion,  

store batteries in original packaging until  

ready to be used.  

First-aid kit 

 

Comes in many different sizes. Antibiotic  

cream in the first-aid kit is an important 

accessory. 

List and supply 

of special 

medications 

(prescription 

and other) 

 

Special medications may not be readily available 

during and after an emergency. Keep at least a 

two-week supply of prescription medication,  

that are not expired. 

Supply of 

nonperishable 

food 
 

A two-week supply is recommended for families 

and infants. Also, include food for your pet and  

a manual can opener.  

Water & 

storage 

containers 

 

Two-week supply of water ï 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 hardware 

store. You can also store water for hygiene use 

 (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, 

propane,  

stove fuel, 

firewood 

 

Also have matches and a lighter. Wood can be  

fuel and stored under a tarp, ideally elevated.  

Wood should be precut ï not during or after an 

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 clear 

fallen trees and branches in roadways and limbs 

that have fallen on a house. A gas chainsaw is 

powerful and cuts more wood, but requires fuel 

storage. An electric chainsaw is convenient, but 

the number of cuts is limited by battery power 

supply.  

Sledge hammer  

 

A sledgehammer can be useful when building 

materials have collapsed and it is necessary to 

create emergency access either into or out of a 

structure.  

 

Fire 

extinguisher 

 

Flooding of electrical circuits can cause sparks  

and start a fire. During a drought, fire risk is 

increased. A multipurpose ABC extinguisher is 

good for home use. Class A- Wood, Paper;  

Class B ï flammable liquids; and Class C ï 

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 

post-emergency. 

Tarp 

 

During high wind events there is often much  

roof damage. The tarps are commonly used to 

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 supplies  

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 debris. See discussion later in this section. 

Garbage bags 

 
 

Very useful for cleanup after an event to  

remove debris and water saturated porous 

materials to prevent mold.  
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Alternate power 

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 can 

negate the need for gasoline and reduce the risk 

of carbon monoxide poisoning.   

Cell phone and 

landline phone 

 

Cell phone networks may be overloaded during  

a hazard. Cordless phones with a base station  

will not work without electricity. If you rely on  

a cordless phone, get an alternate power source. 

Otherwise, have a corded phone that does not  

use electricity. Use 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 emergency 

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 emergency 

because of lack of communication for card 

verification. 

Camera  

 

Document the condition of the house (inside  

and outside) as well as household items before 

and after an event. This will create a photo 

inventory. Most smartphones have built in 

cameras. 

Important 

Documents  

 

Documents such as family emergency contact 

information, passports, birth certificates, 

insurance information, property deeds or maps  

of the area can be kept in waterproof document 

holders.  
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Emergency Supplies Checklist 

 

For canned goods, mark expiration dates with a big magic marker and put items that need 

to be used first at the top of the supply pile. Begin to consume the supplies one year to six 

months before expiration and replace them with fresh supplies. Use supplies that your 

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 area that can 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 shelter. The government and relief organizations are likely to 

provide emergency relief supplies but will target the most vulnerable groups and those 

most impacted. It is everyoneôs responsibility to prepare your family for an emergency. 

Also, if you are on one of the 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 it 

may be needed very quickly, the kit is usually in a portable plastic box, covered trash 

container, camping backpack or a duffle bag and packed well before an emergency. Plan 

to have sufficient supplies to last for three days. Store the kit in a convenient place known 

to all family members.  
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Figure 3-1. Hygiene and wash kits such as from IOM and USAID 

may be available after an emergency. Depending on the 

situation, sometimes these kits are distributed before an 

emergency. The kits commonly include water containers, soap, 

liquid bleach, cleaning towels, gloves, toothbrush and 

toothpaste and a nail cutter. Wash and dignity kits from UNICEF 

may also be available, depending on location. It may still be 

useful to have your own evacuation kit with supplies. Common 

items in your evacuation kit are listed below. The advantage of having your own kit is that you 

Ŏŀƴ ŎǳǎǘƻƳƛȊŜ ƛǘ ǘƻ ȅƻǳǊ ƻǿƴ ŦŀƳƛƭȅΩǎ ƴŜŜŘǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ǎǳǇǇƭƛŜǎ ǿƻǳƭŘ ōŜ ŀǾŀƛƭŀōƭŜ ƴƻǘ 

only after an emergency, but before or during as well.  

 

Common items in your evacuation kit can include: 

 

Å Two gallons of potable water per person per day (three-day supply). Change your 

supply every six months so it stays fresh.  

Å Non-perishable food (three-day supply), special dietary foods. Rotate every six months, 

or as needed so it stays fresh.   

Å Kitchen utensils and can opener  

Å Required medications (at least two-week supply or more), medical information 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.  

Å Board games and toys for children, books for adults 

Å Portable flashlight and radio, with spare batteries 

Å First-aid kit (can be smaller than the one used for household emergency supplies) 

Å Disposable plates and kitchen utensils 

Å Prescription eyewear 

Å Personal hygiene items for family such as toothbrush, toothpaste,  

toilet paper, diapers, soap, shampoo, body oil (coconut), sanitary napkins, and comb 

Å Change of clothes, underwear, and towels 

Å Pillows, blankets, and a mat 

Å Keep items in airtight plastic bags or a waterproof container. 
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Analyze your family needs, emergency supplies, evacuation kit, and evacuation plan each 

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 go to a shelter, 

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.  

 

The FSM consists of 607 islands of which 61 are inhabited.3-1 The islands vary in 

topography from low-lying 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 variation in 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). For islands 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 (e.g., Chuuk 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 risks. Both hazards 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 occur. However, 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 which may be suitable 

for a shelter are provided. This will allow the introduction of some general principles to 

help determine the strength of buildings and therefore their suitability as shelters. The state 

disaster plans have identified the schools as the default evacuation centers except for those 

schools near the ocean, where alternative evacuation sites like churches were identified.   

 

In this section, we cover ñWhat is an ideal emergency shelter?ò This is important because 

not all islands in FSM could be examined or even all buildings in a single state. Ideally a 

full structural assessment of all buildings used for shelter should take place. Because this 

was not possible, homeowners and residents are encouraged to work with local emergency 

managers in each FSM state to help them create their own evacuation plan with suitable 

places to shelter. The information provided here can help to get you started. Resources for 

this section include: (i) Homeownerôs Handbook to Prepare for Natural Hazard for the 

Republic of the Marshall Islands https://seagrant.soest.hawaii.edu/wp-

content/uploads/2021/02/FINAL-RMI-Homeowners-Handbok.pdf and (ii) 

the FEMA Shelter-in-Place document: 

https://www.fema.gov/sites/default/files/documents/fema_shelter-in-place_guidance.pdf  

which is a pictogram.  

 

3.3.1   Key Features for an Ideal Emergency Shelter 

 

Not all shelters in FSM will be ideal. Yet because of a potential emergency that could happen 

tomorrow, characteristics of an ideal shelter are described. This will allow government 

officials and residents to identify structures that might provide adequate protection 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 or 

commercial use, follow the guidelines in this report. It is also possible to create a win-win 

situation by having all new buildings serve a dual use, one for the purpose as intended and 

second as an emergency shelter.  

https://seagrant.soest.hawaii.edu/wp-content/uploads/2021/02/FINAL-RMI-Homeowners-Handbok.pdf
https://seagrant.soest.hawaii.edu/wp-content/uploads/2021/02/FINAL-RMI-Homeowners-Handbok.pdf
https://www.fema.gov/sites/default/files/documents/fema_shelter-in-place_guidance.pdf
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Letôs begin with the characteristics of buildings we are looking for as shown in Figures 3-2 to 

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 accessible 

floor above the anticipated flood elevation (Figure 3-2). Buildings should have at least two 

floors, with adequate shelter space on the second or higher floors. They should be built using 

a strong structural system such as reinforced 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 3-2. 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 building, 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 spaces where 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 an atoll, 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.   

 

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. Listen to official 

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 if 

the building is not tall.  

 

Figure 3-3. For buildings located on natural 

high ground, there is no need for a tall 

building as one of the criteria for an ideal 

shelter. Other criteria, such as a strong wall, 

roof system and doors would still be 

important due to the threat of high winds. 

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 considered for 

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 3-4, is structurally strong for both vertical 

loads (gravity) and lateral loads (wind, seismic, and flowing water).   
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Figure 3-4. A Concrete Moment Frame 

has: (A) columns of concrete that are 

reinforced with rebar and attached 

rigidly at beam-column joints (B) to 

reinforced concrete beams such as at (C) 

and (D). Forces from high wind or fast-

moving water are resisted by the 

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 is open. 

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 Masonry Unit (ñCMUò) Block infill (Figure 3-5). It is possible to 

have buildings as well as residential houses built with this design. This will be a common 

style of residential housing in FSM (see Part 4 ï Section 4.4.1 and 4.4.2).   

 

Figure 3-5. Many buildings that could be shelters may have a Concrete Moment Frame ς with 

columns (A), beams (B), and column- beam 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 3-4, this is still a strong 

structure if well maintained because of 

the concrete moment frame.  The need for 

an open-air structure, such as in Figure 3-

4, is not as important if the structure is 

located away from the coast and on high 

ground.  
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Many buildings, including many houses in FSM are built with this design (see Part 4 of 

this book ï Figure 4-1). 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 atoll or near the 

shoreline). If they are located on a high island away from coastal inundation threats, then 

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 3-6). 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 3-6. The building on 

the right has a Concrete 

Moment Frame as shown by 

the blue columns and 

beams and CMU block infill. 

Compare that with the 

building on the left with 

only CMU block walls. The 

building on the right is 

stronger because of the 

Concrete Moment Frame.  

 

 

 

 

 

In addition to a strong structural system to resist lateral loads, the shelter building 

should have a structurally-sound roof system to prevent uplift or damage to the roof due 

to high winds during a typhoon. The structural factors required for a sound roof are: 

good condition roofing that is well attached to the roof framing members (Figure 3-7); 

strong roof trusses (Figure 3-8) or roof beams with rafters (Figure 3-9); and a strong 

connection of the roof framing to the supporting columns, beams, or walls of the 

building (Figure 3-10). 
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Figure 3-7. This building has many of the 

criteria looked for in a shelter. Note 

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 umbrella head washer to 

securely attach the metal roof. The 

fasteners should be well-embedded 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 considering new metal roofing, look for a certified wind rating 

ŀƴŘ ƳŀƪŜ ǎǳǊŜ ǘƘŜ ǊƻƻŦƛƴƎ ƛǎ ƛƴǎǘŀƭƭŜŘ ǘƻ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ.  

 

Figure 3-8. The roof trusses should be 

engineered and pre-manufactured. 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.  

 

 

 

 

 



53 
 

Figure 3-9. 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 covered in Part 4.  

 

 

 

 

 

 

 

Figure 3-10. Another strong roof 

design is to have a ridge beam (A) 

attached with steel connectors to large 

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

rafters go from the ridge of the roof to 

the top of the exterior wall. The 

sloping rafter (C) connects to a 

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. 

 

 

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 the roof. It will also 

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 Figures 

3-11 to 3-14, and the strong exterior metal door shown in Figure 3-15. 

 

Figure 3-11. 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 shatterproof 

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 can lead to roof uplift. No wind, rain or flying debris should be 

allowed inside the building because it can also harm the occupants.  

 

Figure 3-12. 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 Figures 3-11 and 3-12.  

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 wind-borne 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.   
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Figure 3-13 ς 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 provided 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 3-14 ς 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, the 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 long-term use of a structure.  
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Figure 3-15. 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 the 

shelter level (Figure 3-16), the condition or maintenance of the building (Figure 3-17), 

and access to restrooms and potable water (Figure 3-18). 

 

Figure 3-16. A sturdy reinforced-concrete 

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 accessible 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 3-17. A potential shelter must be 

properly maintained. Here are examples 

of maintenance issues which could 

weaken the structure. Top left ς missing 

washer and nut attaching waffle-crete 

column to the foundation. Bottom right ς 

corrosion of hurricane clips 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 as a cheaper, 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.  

 

 

 

Figure 3-18. 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 per 

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 for each state, 

the WSO where shelters are located and the people managing them work together as one. 

This will require planning, education, preparation, and practice.  
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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 document ï ñModule 3 ï 

Evacuation Center Managementò). Plans should be made well in advance under good 

conditions (ñsunny skies planningò). It will be too late to address these issues during an 

impending event. While plans need to be made before an event, communication is key 

during the event.  

 

To summarize the key characteristics in an ideal shelter, refer to Table 3-2. 

 

 

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

Criteria Comments 

1. Tall 

building or 

high elevation 

Use the second floor or higher for low lying areas. The taller the building the better if it is 

in good condition. (Figure 3-2). For buildings on high ground, height is not as important 

as strength of the building (Figure 3-3). 

2. Reinforced 

 concrete 

Best ï Beam-column moment frame with open lower floor for low-lying areas (Figure 3-

4); Good ï Moment frame with CMU infill on first and second floors (Figure 3-5); 

Acceptable ï CMU walls ï (solid grouted ï concrete and rebar fill the holes) 

and under 20 years old (Figure 3-6). 

3. Tie down  

 roofing 

Secure roofing material to the roof (usually plywood over the trusses or rafters) with 

enough fasteners and large washers (Figure 3-7). 

4. Roof  

 framing tied     

 down 

The roof trusses should be pre-manufactured and engineered for uniformity and strength 

(Figure 3-8). Roof trusses must be bolted to the supporting beams, columns or walls to 

prevent lift-off during high wind events (Figure 3-9). Alternatively, ridge beam, and large 

sloping rafters should be connected to walls, columns, or beams with steel metal connectors 

(Figure 3-10). 

5. Window 

 protection 

Windows protected from debris impacts. The windows behind screens should be 

shatterproof or laminated (Figures 3-11 and 3-12). Or use sturdy protective coverings 

such as aluminum louvers or accordion shutters (Figures 3-13 and 3-14). Design for 

protecting against wind-borne debris and circulation to keep room cool under normal 

conditions. 
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Criteria Comments  

6. Sturdy  

 doors 

The shelter doors should be made of metal or solid wood with quality latches and hinges 

to prevent their opening in high wind (Figure 3-15). 

Comments 

7. Strong stairs Sturdy buildings could have exterior wood stairs to second floor. These can be washed 

away during inundation events. There should be a back-up exit plan. (Figure 3-16) 

8. Well  

 maintained 

Look for newer building (under 20 years for CMU construction), no corrosion of 

fasteners, and no missing connections (Figure 3-17). 

9. Comfort In the shelter rooms there should be toilet facilities for men and women (Figure 3-18), 

with proper hygiene and sanitary guidelines.  ypical shelter space requires 10 square feet 

of space per person, but in an emergency this criterion may be compromised. 

10. 24/7  

  Access 

During an emergency ï the shelter spaces must be open. There must also be redundancies 

in case the person who opens the building is not available. There should be redundancies 

in decision-making and communication since any break in delivering a key message can 

lead to the loss of life. Plans need to be made for key personnel to run the facility in terms of 

leadership, registration, security, and distribution of supplies.  

 

These features are important for two reasons. First, not all buildings could be examined in 

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 examine potential 

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 members of the 

community can also help to spot strong buildings and see those that need additional work. 

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 Table 3-2 apply 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 threatened by 

wave and storm surge inundation, it could conceivably be used for shelter if it is strong 

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 things 

to consider using the material from Parts 2 and 3 of this book. 

 

1) Work with your disaster coordinating officer (DCO) for each state to help you plan 

for all the scenarios. There are many variables. Many of the choices will be 

personal also. 

 

2) 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.  

 

3) Plan ahead of time. The best time to create your emergency/evacuation plan is now, 

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 information to make a sound decision. Residents 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 Table 3-2. They 

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

open during an emergency as well as what back-up there is if a key person 

designated to open the shelter is off island. 

 

4) Know your neighbors. 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 in the community as the ñcoconut wirelessò is an important 

communication method in FSM. 

 

5) 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: 

¶ Flooding Risk 

i. Coastal flooding for low lying areas on an atoll or high island can be 

associated with storm surge from a tropical cyclone (Figure 2-5); 
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King Tides (Section 2.3.1); Ocean Swell (Section 2.3.2) or Tsunami 

(Section 2.6).  

ii.  Inland flooding near a stream or topographic low can occur during 

rainfall events (Section 2.3.3).  

¶ 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 Figure 2-9). If there is a map of your location, try 

to avoid the areas in red, orange and purple. In the absence 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 

b. Cracking sound of trees or utility poles 

c. Rocks and debris falling down a slope 

d. Leaning trees, utility poles or other tall objects 

e. New cracks in the ground 

f. Parts of hill moved and exposed bare soil or rock 

g. Heavy rains ï typhoon, tropical cyclone 

¶ 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 

table below).  

 

6) 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 same 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: 

 

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

should not shelter in a single-story 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 multi-story homes or 

buildings, it may be possible to shelter in low lying areas, provided the 

home or building has the characteristics 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 single-story home or building 

provided: (i) they have the characteristics in Section 3.3.1. and (ii) there is 

no landslide risk. There will be 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 only 1-story, 

move to the downhill side and get on top of any sturdy furniture. If you 

cannot escape vertically, try to 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 noise to 

help search and rescue (shout, bang on something, or use the whistle from 

your emergency supply kit). Assume 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 Figure 4-2 in Part 4 of this handbook for protecting the 

home. Note the four types of wall construction.    

 

¶ If possible, avoid sheltering in: (i) structures with metal corrugated walls, 

(ii) timber framed buildings of any height as typhoon winds could 

overpower the building; (ii) CMU block construction in poor condition, and 

(iii) older and poorly maintained reinforced concrete buildings. 
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¶ The Shelter in Place Table (Table 3-3) 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 best bet is to go 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 the recent Typhoon 

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 your disaster coordinating 

office (Table 3-5) and your community leaders (See Section 3.3.3 and 

Figures 3-20, 3-21 and 3-22) 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 DCOs and community 

leaders may have already addressed proper locations to shelter in municipal 

disaster preparedness plans (Figure 3-22).  
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Table 3-3 - Ability to Shelter in Place during a Tropical Cyclone1 

 

Color Code ï Green ï 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 retrofits. Orange ï 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 3-2. Red ï Do not shelter in place. Go to a public emergency shelter with the features in 

Table 3-2.   
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This table assumes there is no flood, coastal inundation, or landslide risk. See Part 2 of this 

handbook to help determine flood, coastal 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 

actual 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 this handbook 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 house in its current condition and with retrofits. Consult with the partners in 

this book if you have any questions.  

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 be in better condition.  

   

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 web at: www.weather.gov/gum. It 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 forecasts 

from WFO Guam and disseminate that information locally across their respective States. 

Each WSO provides local decision support service to their emergency management 

partners. WSO Pohnpei has the added responsibilities of providing guidance and decision 

support services to Kosrae State, which has no in-state WSO, and the national 

government, which is located in Pohnpei. The line of communication from WFO Guam 

to the WSOs in each state to the public is shown graphically in Figure 3-19. 

 

http://www.weather.gov/gum
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Figure 3-19. 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 
ŎƻƳƳǳƴƛŎŀǘŜǎ ǿƛǘƘ ǘƘŜ ƭƻŎŀƭ ²ŜŀǘƘŜǊ {ŜǊǾƛŎŜ hŦŦƛŎŜǎ όά²{hǎέύ ŦƻǊ ŎƻƻǊŘƛƴŀǘƛƻƴ ŀƴd 
guidance. WSOs will provide decision support services to the Disaster Coordinating Officers 
όά5/hǎέύ ŦƻǊ ŜŀŎƘ {ǘŀǘŜΦ ¢ƘŜ 5/hǎ ǿƛƭƭ Ŏƻƴǎǳƭǘ ǿƛǘƘ ǘƘŜƛǊ ǊŜǎǇŜŎǘƛǾŜ state governor as well as 
the National Department of the Environment, Climate Change & Emergency Management 
όά59/9aέύ ŦƻǊ ƪŜȅ ŘŜŎƛǎƛƻƴǎ ŀƴŘ ǘƘŜƴ ƛƴŦƻǊƳ ǘƘŜ ǇǳōƭƛŎ ǘƘǊƻǳƎƘ ƻƴŜ ƻŦ ǘƘŜ Ƴŀƴȅ 
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. Table 3-4 provides the e-mail address and 

phone numbers for the WSOs for each state.   

 

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 Table 3-6. 
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Table 3-4 - Weather Service Offices (WSOs) Contact Information in FSM 

State Contact  Email and phone 

WSO - Pohnpei  

 

Wilfred Nanpei 

Wilfred.nanpei@noaa.gov 

Kenely Andon 

keenly.andon@noaa.gov 

nws.pohnpei.operations@noaa.gov 

 

+(691)-320-2248  

+(691)-320-6947 

WSO - Chuuk   Johannes Berdon 

Johannes.berdon@noaa.gov 

Boyd Mackenzie  

boyd.mackenzie@noaa.gov  

nws.chuuk.operations@noaa.gov  

 

+(691)-330-2548 
+(691)-330- - 2583 

WSO - Yap  Joe Lukangaw 

joe.lukangaw@noaa.gov 

Choorang Falan 

Choorang.falan@noaa.gov 

nws.yap.operations@noaa.gov  

 

+(691)-350-2194 

 

Table 3-5 lists the contacts for the disaster coordinating officers 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 3-5 ïDisaster Coordinating Offices (DCOs) Contact Information in FSM for 

the Office and Director 

State 

DCO 

Contact  

 

Email Phone 

Kosrae   Kosrae State 

DCO 

Nena Williams  

kosraedco@gmail.com 

 

691-370-3009; 

691-970-1145 

 

Pohnpei  Pohnpei State 

DCO/Facilities 

Stevick Joseph 

DCO/Fire 

Ainstain Joseph  

 stevickj5@gmail.com 

 

Josephainstain.pnifire@gmail.com 

691-320-3881; 

691-920-5024  

 

691-920-1453 

Chuuk  Chuuk State 

DCO 

Justin Fritz  

chuukcdeoc@gmail.com 691-330-5520; 

691-930-8182  

Yap   Yap State  

DCO  

Krystal 

Tamngug 

tamngugk@gmail.com 

 

691-350-2166;  

691-952-3346; 

 

 

mailto:Wilfred.nanpei@noaa.gov
mailto:keenly.andon@noaa.gov
mailto:nws.pohnpei.operations@noaa.gov
mailto:Johannes.berdon@noaa.gov
mailto:boyd.mackenzie@noaa.gov
mailto:nws.chuuk.operations@noaa.gov
mailto:joe.lukangaw@noaa.gov
mailto:Choorang.falan@noaa.gov
mailto:nws.yap.operations@noaa.gov
mailto:kosraedco@gmail.com
mailto:tamngugk@gmail.com
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The disaster coordinating officers 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 FSM, WSOs and emergency managers use a variety of communications 

methods from email and phone to satellite phone, HF radio, and a satellite-based 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 office. These 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/gum), and via email/bulletins from local WSOs and emergency 

managers. WFO Guam will provide regional weather and warning information on its 

Facebook page (www.facebook.com/NWSGuam), but 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 communication during an emergency. Table 3-6 is a list of the different types of 

communication available in FSM, and how a local resident can best access emergency 

information.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.weather.gov/gum
http://www.facebook.com/NWSGuam
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Table 3-6 ï Methods of Communication in FSM & Tips for Residents 

Communica

tion Type 

How it Works Where in FSM to 

Utilize 

Tips for Residents 

Phone  

 

Phone coverage in the FSM is 

through FSM 

Telecommunications 

Corporation  

 

Almost everywhere 

including isolated 

islands in the Mortlocks 

Region ï Ta Island, 

Satowan Island, 

Lukunor Island, Oneop 

Island, Kuttu Island, 

Ettal Island 

Moch Island 

To ensure coverage, 

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 alerts. There 

is no need to register or 

download an app. 

Portable Radio 

 
Communication 

is one way. 

Typical radio sold at the 

hardware store. This can be part 

of your emergency kit. There 

are designated government 

radio stations at the frequencies 

to the right. 

Emergency Radio 

Stations are: 

Kosrae ï 89.7 FM 

Pohnpei ï 1449 AM 

and 88.9 FM 

Chuuk ï 1593 AM and 

88.5 FM  

Yap ï 1494 AM and 

89.9 FM  

Once residents are 

alerted of a potential 

hazard event (e.g., by 

community leaders, 

mayors, schools, 

chiefs), they should 

turn on the radio to the 

frequencies listed in 

column 3 to receive 

more information. 

Radio capabilities for 

some islands is 

increasing.  

Internet  

i) Website; ii) 

Social Media 

(Facebook); iii) 

email 

 

Internet coverage in FSM is 

provided by FSM 

Telecommunications 

Corporation  

 

Weather Forecast 

Office Guam 

www.weather.gov/gum 

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 

Residents should 

become familiar and 

check websites for their 

individual State: i) 

WFO ï Guam; ii) 

National Department of 

Environment, Climate 

Change & Emergency 

Management 

(ñDECEM); and iii) 

websites for individual 

Weather Service and 

Public Information 

Offices 

https://www.fsmtc.fm/
http://www.weather.gov/gum
https://www.facebook.com/NWSGuam
https://www.facebook.com/NWSGuam
https://www.facebook.com/NWSGuam
https://www.facebook.com/profile.php?id=100063551322699
https://www.facebook.com/YapWeather
https://www.facebook.com/NationalWeatherServicesPohnpeiFsmOffice
https://www.facebook.com/piofsm
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Department 

Environment Climate 

Change & Emergency 

Management 

https://fsm-

data.sprep.org/group/1 

Kosrae PIO  

(5) Kosrae-Public 

Information Office - 

Posts | Facebook 

Pohnpei PIO 

(2) Pohnpei State 

Public Information, 

Office of the Governor | 

Facebook 

Office of the Governor, 

State of Chuuk ï  

(2) Facebook 

Yap Public Information 

Page - (2) Facebook 

High Frequency 

(ñHFò) Radio. 

Communication 

is two way.  

This is also 

known as 

Single Side 

Band radio or 

SSB radio or 

Short wave 

radio.   

A specialized radio using high 

frequencies in the 3-30 

megahertz range.  This is 

especially useful for long range 

communication to link remote 

regions to the outside world. 

HF radio is not reliant on 

conventional communications 

infrastructure.  

HF radios should be 

pre-positioned with the 

municipal leader of 

each island (Mayors, 

school principal, chief).   

 

During normal times,  

Transmits every 6 hours 

- (06, 12, 18, 24) hour 

periods ï If incoming 

hazard event, more 

often.   

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 

municipal leader such 

as the mayor, school 

principal or chief); and 

3) how is message 

spread through the 

community (ñcoconut 

wireless, walkie talkie, 

neighborhood 

communication chain, 

etc.)  

Chatty Beetle 

from USAID 

and NOAA  

 

Portable satellite terminal that 

permits text-based 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 ï 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 person 

to receive messages 

(usually the municipal 

leader such as the 

mayor, school 

principal, or chief), and 

https://fsm-data.sprep.org/group/1
https://fsm-data.sprep.org/group/1
https://www.facebook.com/2124602194442428/posts/kosrae-state-dco-mr-nena-william-presents-a-plaque-on-behalf-of-spc-to-governor-/2324950717740907/
https://www.facebook.com/2124602194442428/posts/kosrae-state-dco-mr-nena-william-presents-a-plaque-on-behalf-of-spc-to-governor-/2324950717740907/
https://www.facebook.com/2124602194442428/posts/kosrae-state-dco-mr-nena-william-presents-a-plaque-on-behalf-of-spc-to-governor-/2324950717740907/
https://www.facebook.com/Pohnpei-State-Public-Information-Office-of-the-Governor-104576619138311/
https://www.facebook.com/Pohnpei-State-Public-Information-Office-of-the-Governor-104576619138311/
https://www.facebook.com/Pohnpei-State-Public-Information-Office-of-the-Governor-104576619138311/
https://www.facebook.com/Pohnpei-State-Public-Information-Office-of-the-Governor-104576619138311/
https://www.facebook.com/ChuukStateGovernment
https://www.facebook.com/YapStateGovNews
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4) the method of 

emergency message 

distribution ï (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 satellite 

dish for individual families. 

Companies to check include: 

FSMTECH - 

https://www.facebook.com/fs

mtech.fm/ 

+6   91 320 4970 

in    fo@fsmtech.fm 

f     smtech.fm; and   

  

S    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 if 

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 

coordinating offices 

(Table 3-5) 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 (Figures 3-20 and 3-21).    

 

https://www.facebook.com/fsmtech.fm/
https://www.facebook.com/fsmtech.fm/
mailto:in%20%20%20%20fo@fsmtech.fm
https://www.americantv.com/starlink-micronesia-satellite-internet-sparks-digital.php
https://www.americantv.com/starlink-micronesia-satellite-internet-sparks-digital.php
https://www.americantv.com/starlink-micronesia-satellite-internet-sparks-digital.php
https://www.starlink.com/
https://ts2.com.pl/en/the-advent-of-starlink-in-micronesia-bridging-the-digital-divide/
https://ts2.com.pl/en/the-advent-of-starlink-in-micronesia-bridging-the-digital-divide/
https://ts2.com.pl/en/the-advent-of-starlink-in-micronesia-bridging-the-digital-divide/
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Figure 3-20. On the wall of 
Tafunsak Elementary School in 
Kosrae is a communication plan 
for the municipality. The upper 
left shows a family preparing 
together their emergency 
supplies and evacuation kit for 
tsunami, sea-level rise, 
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 
response organizations such as the police and hospital. The lower left indicates at the time of 
warning, people should tune to 89.7 FM for Kosrae only. Each state will have different 
emergency radio stations (See Table 3-6 ς column 3). The lower right shows a planned 
emergency evacuation route for the area.  

 
Figure 3-21. As a 
generalization, for 
municipalities in Kosrae, 
Pohnpei and Chuuk, key 
emergency 
management decisions 
will be made between 
the governor, the 
Weather Service Office 
(Table 3-4), the Disaster 
Coordinating Office 
όά5/hέ ς Table 3-5), and 
the National 
Department of the 
Environment, Climate 
Change & Emergency 

aŀƴŀƎŜƳŜƴǘ όά59/9aέύΦ ¢ƘŜ 5/h ǿƛƭƭ ŎƻƴǾŜȅ ǘƘŜ Ŧƛƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ǘƘŜ mayor of the 
municipality who will notify the emergency organizations and the public through the 
communication methods outlined in Table 3-6. Residents should be sure they can receive 
emergency information from at least one of the methods outlined in Table 3-6. Questions can 
be directed to the community leaders, in this case for Tafunsak Municipality, 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 partnership with IOM and funding from USAID Office of 

Foreign Disaster Assistance (Figure 3-22). The MDPPs are designed to provide 

community members guidance in creating strategies to mitigate potential hazards, reduce 

vulnerabilities, and capture basic information to adequately meet an individualôs needs in 

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 themselves with the MDPPs, if they have been 

created, by checking with the disaster coordinating offices or their community leaders 

(typically the mayor).    

 
Figure 3-22. This is an example of the Municipal Disaster Plan 
(MDPP) for the Municipality of Sokehs in Pohnpei State. The plan 
identifies the mayor, municipal leaders, and has a listing of 
emergency contacts. The flow of communication is identified for 
this municipality. In section 4, the Hazard, Vulnerability and 
Capacity Assessment can help residents with their evacuation plan 
and decisions on how to strengthen their house. In addition, 
Emergency Evacuation Shelters are identified. If your municipality 
has a MDPP, work with your DCO, municipal leaders and neighbors 
so that all members of the community know how to prepare for, 
respond to, 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 leaders.    
 
 
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 is the chief 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 these plans and educating themselves and fellow 

community members on the flow of emergency information in their municipality, once 

the plan is finalized.   
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3.3.4 Tropical Storm/Typhoon Watches and Warnings  

from WFO Guam 
 
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 3-4), the local emergency management (DCOs) (Table 3-5) and 

DECEM. WSOs and local emergency management disseminate this information to the 

affected islands via available communication methods (Table 3-6).  

 

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 tropical storm watch is issued when damaging winds of 39 

to 73 mph are possible from a tropical storm or a developing tropical storm, within 48 

hours. A typhoon watch is issued when a typhoon (74+ mph) or developing typhoon 

poses a possible threat, with damaging winds possible within 48 hours. A tropical 

storm warning is issued when damaging winds of 39 to 73 mph are expected within 24 

hours or are already occurring. A typhoon warning is issued when typhoon conditions 

are expected, with damaging winds expected to begin within 24 hours, or are occurring 

(See Table 3-7).  

 
Table 3-7 ï Watches and Warnings for a Tropical Storm and a Typhoon 

 
Tropical 

Storm  

Watch 

Typhoon  

Watch 

Tropical 

Storm  

Warning  

Typhoon 

Warning  

Tropical Storm 

Warning with a 

Typhoon Watch 

Meaning 39-73 mph 

winds 

possible 

74+ mph 

winds 

possible 

39-73 mph 

winds 

expected 

74+ mph 

winds 

expected 

A Typhoon will pass 

by within 24 hours; 

however, Typhoon 

winds are possible 

but not expected.  Timing  Within 48 

hrs 

Within 48 

hrs*  

Within 24 

hrs 

Within 24 

hrs*  

*Keep in mind: All typhoon watches and warnings are not based on arrival of 74+ mph 

winds, but are instead based on the arrival of damaging winds of 39 mph. This 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 responsible 

for issuing appropriate watches, warnings, and advisories. WFO Guam acts as a liaison of 

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 Trench)ïto as 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 flooding, the weather service offices in 

Table 3-4 are tasked with providing warning and guidance to local emergency 

management. Work with your disaster coordinating offices and officers in Table 3-5 to 

help you prepare for local events. Information on local events can be obtained using the 

communication methods in Table 3-6. Especially useful are the radio, text message alerts 

and the internet websites. Note that in Table 3-6, row 4, are the Facebook websites for the 

individual weather service offices. Also in that row are the websites for the public 

information offices for the Office of the President, the four states in the FSM, and the 

Department of Environment, Climate Change & Emergency Management (DECCEM). 
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   PART 4 
    PROTECTING THE HOME 

This part of the book covers what homeowners or those living in houses can do to 

make the existing structure more resistant against strong winds, flood, and wave 

forces. This will require retrofitting one or more portions of the house. The amount 

of retrofit possible will vary for each house because there may be existing 

limitations (for example, the wood is in poor condition from termites, or there may 

be limited access to the key parts of the house). A major 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 new 

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 walls remain standing, a stronger roof can be installed 

as a repair following guidance in this book.   

 

While the focus of this part of the book is to provide building practices for 

existing houses, many of the practices are also suitable for new homes, especially 

in areas that do not have a building code yet. Many of the best practices may 

make a house more resilient to hazards, more efficient and thus more 

environmentally sustainable, while helping to adapt to climate change. As with 

all options presented in this book, the reader should refer to a professional or 

licensed architect, engineer, or builder before beginning any work.             

 
Traditional methods of construction are provided as well as options developed 
elsewhere but considered feasible in the FSM. Consideration is given to cost, 
availability of materials, and ease of installation. A great resource for information 
and options is the hardware stores across FSM, as all of the major hardware stores 
are partners in this book. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

4.1 BUILDING CONSIDERATIONS IN THE FSM  

Before proceeding, letôs review some factors that were considered in 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 2-1, there is a strong variation in typhoon risk from 
Kosrae and Pohnpei to Chuuk and Yap. This is because the Coriolis effect is weaker 
at the lower latitudes of Kosrae and Pohnpei and thus it is harder for the strong 
cyclonic spin of a typhoon to develop. This is not the case for Chuuk and Yap, and 
therefore, these states 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 include 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 Chuuk and Yap continues to be damaged by typhoon 
strikes, a similar trend is likely to develop there.  

 

4.1.2  Cost 
 
Strengthening a house comes with costs, which can be a burden to residents. 
Therefore, there is the goal of keeping costs down and providing a range of 
options. For example, there may be many ways to mitigate corrosion of metal 
corrugated roofs from good to best, with the tradeoff being cost. In this handbook 
for the FSM, 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 a stronger practice that may cost more and is somewhat 
equivalent to a modern building code standard for a high wind region. Best is a 
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:  
 

¶ Detailed guidance is provided on how to install some of the easier retrofits 
for homeowners that have construction experience, after initial consultation 
with a licensed architect or engineer. This can reduce costs.  
 

¶ In the 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 single floor 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 with concrete portions. This would provide strong 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 States of 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 Council ï ICC 600 is a standard for the design and 

construction of residential buildings in high-wind regions (Figure 4-1).  
 
Figure 4-1. The ICC 600, developed by the International Code 
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 Code also developed by the ICC.  
Practices from the ICC 600, IBC and IRC can be found in Part 4 
of this book, not as a requirement but as voluntary guidance. 
They are presented as best practices that homeowners 
should consider as an option to provide greater protection 
against typhoons. The practices will be especially important 
for states in which the typhoon risk increases. See Figure 2-1. 
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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 to a usable structure after staying in a suitable public emergency shelter.  
See Part 3 and Section 3.3.1 ï Key Features for An Ideal Emergency Shelter.    

If a house is sufficiently strong and located away from landslide, flooding, and 
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 measures are 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 2-6 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 the 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, leaning 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 (Figure 2-9). Locate a new structure away from 
areas of landslide risk, if possible.   

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 
familyôs emergency/evacuation plan. It would be safer to use a suitable public 
emergency shelter 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 wood stick framing to traditional style housing constructed of indigenous 
materials such as coconut husks, bamboo, palm leaves and other materials for the 
house frame and roof (Figure 4-2).   

 

 
Figure 4-2. 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 T1-11 and a metal corrugated roofing. 
Note the T1-11 is a type of plywood and can provide structural support to prevent 
racking (See Figure 4-5). Some best practices will be provided for each category of 
housing. Nevertheless, 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 properly.  
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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 masonry. Before 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 damage was greatly reduced 
due to the predominance 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 construction 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 retrofitted for states 
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 is no water intrusion, and heat reflective so the residents stay cool inside.  

The most common type of roofing in the FSM is 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 plywood or T1-11 board) 
(Figure 4-2 ï B, C, and D). Roofing is often the weak point of a house, even for a 
house with strong concrete or masonry walls (Figure 4-3). 
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Figure 4-3. Example of a house 
with a strong concrete or 
masonry wall but a weak wood-
framed metal corrugated roof 
that failed during Typhoon 
Wutip. Key parts of the house 
are concrete or masonry walls 
(A), reinforced concrete columns 
(B), and a reinforced concrete 
structural bond beam (C). These 
form a concrete moment frame 
which gives the structure great 
strength (resistance to uplift and 
lateral loads) (See Figures 3-4 
and 3-5 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 structure can be 
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 concrete 

roofs.   
 

4.2.4 Continuous Load Path Connection and Shear Walls 
 

A continuous load path is important because it helps redistribute outside pressures or 

forces caused by earthquakes and high winds, transferring these forces from the 

frame to the foundation, which is securely anchored into the ground. Building a 

structure with a continuous load path is essential to withstand strong forces from 

high winds, tornados, typhoons, and earthquakes (Figure 4-4).  
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Figure 4-4. A continuous 
load path connection is a 
method of construction 
that uses metal fasteners 
to connect the structural 
frame of the house from 
the roof all the way down 
to the foundation. For 
wood framing such as in 
this figure, the 
continuous load path 
connection ties: (i) the 
roof rafter or truss to the 
wall (double-top plate) 
with hurricane clips (A), 
(ii) the double-top plate 
to the studs (B), the walls 
of any higher story to the 
lower story (C), and the 
studs to the bottom sill 
plate (D) with metal 
straps; and (iii) the 
bottom sill plate to the 
foundation with anchor 
bolts (E). With a 
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 
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 path is built 

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 retrofit. Still 

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 cost-effective 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) 

overturning or (iii) racking.  See Figure 4-5. 
 
Figure 4-5. 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: (i) racking 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.  Additional protection is needed to 
prevent racking, which is usually addressed with shear walls.  
 

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 by 

earthquakes. Shear walls are typically constructed by attaching timber bracing with 

plywood and hold down connectors to a section of the timber framing along a wall 

(Figure 4-6).   
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Figure 4-6. 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 Figure 4-4 (E)). This prevents sliding or 
overturning (Figure 4-5). In addition, plywood, T1-11, 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 prevents racking.  

 

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 
(see Figure 47). If  a window breaks, it allows the wind to enter the house and 
causes internal pressure that increases the uplift on the roof. This will increase 
the risk of roof damage and even uplift of the entire roof. Thus, it is important to 
protect windows with plywood or a shutter system. In addition to preventing 
internal pressurization, window coverings prevent wind, rain and flying debris 
from injuring people or damaging property inside.  

https://www.youtube.com/watch?v=exryGdVm5ek
https://www.youtube.com/watch?v=exryGdVm5ek
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Figure 4-7. The house on the left has no openings. There 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 there is external and internal wind 
pressure on the walls and roof, making it  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 Figures 4-53 to 4-62). 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 importance of maintenance is also covered in Figure 3-17.  
Corrosion and termite damage are covered later in Sections 4.3.7 and 4.6. 

 

4.3  Metal Corrugated Roof 

A typical house in the FSM has concrete walls that are fairly strong against wind 
forces. As was discussed in Part 3 ï Figures 3-4, 3-5, 3-6 and shown in Figure 4
3, the houses commonly have a moment frame consisting of reinforced concrete 
corners and columns as well as a reinforced structural bond beam. The weak link is 
often the roof framing material and its attachment to the concrete walls. Thus, 
many of the options given in this section deal with strengthening the entire roof 
structure. 

 

The metal corrugated roof is the most common type of roofing material in 

the FSM. It is found on houses with concrete/masonry walls, wood framed 

walls with 2ò by 4ò studs, and wood walls with wood structural panels 
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(such as T1-11) (Figure 4-2). Letôs begin with some terminology for key 

components of this type of roof for existing houses beginning in Figures 4-8 

to 4-10. Then we will cover strengthening the connection between these 

components.  

 

 

Figure 4-8. Common parts of a 
house with a metal corrugated 
roof from the outside. (A) 
Reinforced concrete structural 
bond beam. (B) Wood purlins 
typically run parallel to the 
length of house and are 
commonly made by 2x3 or 2x4 
inch lumber. (C) Corrugated 
metal roofing (aluminum or 
steel). (D) Trusses typically run 
parallel to the width of the 
house and consist of 2x4 or 2x6 
inch lumber. (E) Windows and 
doors commonly framed by 2x4 inch lumber.  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.   

 

 

 

Figure 4-9. As shown in 
Figure 4-8, the trusses 
typically run parallel to 
the width of the house 
and are commonly 2x6 
inch lumber. On top are 
purlins, consisting of 
2x3 or 2x4 inch lumber, 
typically running 
parallel to the length of 
the house. Attached to 
the purlins is the metal 
corrugated roof. 
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Figure 4-10. On top of the concrete structural bond beam is commonly a wood top 
plate, consisting of 2x4 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 wood top plate to the structural bond beam; (b) the trusses to the wood top plate; 
(c) purlins to the trusses; and (d) metal corrugated roof to the purlins. 

 

 

Most houses in the FSM do not have a top plate, although there are some 

houses that do have them. We 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 complete as much as possible of 

the continuous load path connection (Figure 4-4), from the top down, so 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 concrete structural bond beam. Even traditional construction using 

native materials found in the FSM recognized the need to tie all roofing 

elements together to transfer the load to the ground (Figure 4-11). 
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Figure 4-11. 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 
roofing 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 sturdy roof and secure home against the wind and rain, a strong connection 
or tie is necessary from:  
 

(a) wood top plate (if present) to the reinforced concrete structural bond beam 
(Figure 4-10);  

 
(b) trusses to the wood top plate or reinforced concrete structural bond beam 

if there is not a top plate (Figure 410);  
 
(c) purlins to the trusses (Figure 49); and  
 
(d) metal corrugated roof to the purlins (Figure 49).  
 

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 Section 4.4 and specifically in 4.4.3. 

 

Depending on access, existing houses can be retrofitted to strengthen their 
connections. This is covered in Figures 4-12 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 during repair and new 
construction, when access is not a problem. 

 

The connectors mentioned in this book are from the Simpson Strong-Tie Wood 

Construction Connectors Catalog for 2024-2025. 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 website and use the search tool to find the latest information on 

the specific connectors and fasteners listed in the captions. 

 

4.3.1 Tying The Wood Top Plate to the Concrete  

Structural  Bond Beam 

Figure 4-12. Commonly, there is a 2X 
(actually 1.5) 4inch wood top plate over 
the concrete structural bond beam. In 
new installations and possibly in repair 
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 2024-2025 Simpson Strong-Tie 
Wood Construction Connectors Catalog 
(SWCCC) can be used (see: Wood 
Construction Connectors Catalog 
(strongtie.com). The bolts are 
embedded in the concrete at the time 
the wall is poured. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.strongtie.com/resources/literature/wood-construction-connectors-catalog
https://www.strongtie.com/resources/literature/wood-construction-connectors-catalog
https://www.strongtie.com/resources/literature/wood-construction-connectors-catalog
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Figure 4-13. For retrofit of existing structures, 
where a strong connection between the wood 
top plate and concrete structural bond beam 
is needed, anchors  can be used with the 
bearing plates. This retrofit requires sufficient 
access under the roof. A right-angled impact 
driver may be needed. For the screw on the 
left (Titen HD ς page 368 of the SWCCC), pre-
drill the hole to the size of the shaft, with a 
hammer drill using a concrete bit. Then screw 
in with an impact drill. For the RFB fastener to 
the right (page 50 of SWCCC), drill with a 1/8-
inch oversized hole. Then fill in with structural 
epoxy and insert 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 4-4E) which is the same relationship as a top 
plate and concrete bond beam.  

 
 

Figure 4-14. Another way to tie the wood plate to the concrete beam is to use the FRFP 
Metal Plate. This is on page 26 of the SWCCC.  This plate is 7 inches tall and 9 inches 

wide. The upper holes are for five  ¼ inch in diameter and 
2½  length SDS screws that go into the top plate.  The 
bottom holes are for attachment with Titen Heavy Duty 
Anchor Screws (See Figure 4-13 ς left screw) that go into 
the concrete structural bond beam (Figure 4-15).  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 other (Figure 4-42). This Titen 
HD Screw Anchor is on page 368 of the SWCCC and also on 
the Simpson Strong-Tie website.  In the search engine type 
in Titen HD Screw Anchor.   
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Figure 4-15 - 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, shim (strips of 
wood between 3/16 and 1½ inches can be added to fill 
the space. Note this is an example of tying 2x4 lumber to 
the concrete below, which is the applicable relationship 
for the sill plate of the house as well as the top plate of 
the house.  For the Titen HD screw anchor, it should be ½ 
inch in diameter and 4 inches in length. The part number is THD40400HMG. This is a 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 and installation. 
Titen HD® Mechanically Galvanized Heavy-Duty Screw Anchor | Simpson Strong-Tie 
(strongtie.com). 

 
 

 

4.3.2 Tying the Truss to t he Wood Plate or  

Concrete Beam 

Figure 4-16. To tie the truss to the wood 
top plate, H3 clips can be used. The H3 
allows 400 lbs. of uplift resistance per 
truss. It is useful when there is only one 
wood top plate on top of the concrete 
wall (see Figures 4-10 and 4-12). 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 bond beam.  Four 8d 

Common nails go into the truss and four into the one wood plate (see Table 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 
Figures 4-17 to 4-23). The advantage of the H3 clip is that it provides an 
engineered solution to resist wind uplift loads.  This is found on page 289 of the 
SWCCC. 

 

https://www.strongtie.com/mechanicalanchors_mechanicalanchoringproducts/thd-mg_anchor/p/titen-hd-mechanically-galvanized
https://www.strongtie.com/mechanicalanchors_mechanicalanchoringproducts/thd-mg_anchor/p/titen-hd-mechanically-galvanized
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Table 4-1. Note About Connector Nails 
 

Nail Lengt
h in 
Inches 

Diamet
er in 
Inches 

Hot Dip Galvanized 
(HDG) or Stainless 
Steel (SS) 

8d 
Common 

2.5 0.131 SS 

8d by 1 ½ 1.5 0.131 HDG & SS 

10d 
Common 

3.0 0.148 HDG & SS 

10d by 1 ½ 1.5 0.148 HDG & SS 

A note about connector nails. Penny nails (designated with the letter d) typically 
have a certain length and diameter and are listed in the table as a Common nail. In 
addition, Simpson lists 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, stainless steel ring shank nails should be used to obtain the proper 
loads.  

 
 

 

Figure 4-17. When there are two wood top plates 
over the concrete beam, the H10A clip can also be 
used. This tie offers more than twice the upload 
protection compared to the H3 (Figure 4-16). 
Follow the nailing pattern on page 287 to 289 of 
the SWCCC catalog. Nine 10d by 1½ inch nails 
are in the truss and nine 10d by 1½ inch nails are 
in the two top wood plates. The homeowner has 
the choice to use the easier to install, and less 
expensive H3 or the H10A, which offers more 
protection. Either the H3 or H10A can be used in 
new or retrofit applications, depending on if 
there is access. 
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Figure 4-18. This is the situation most 
common in FSM with no top plate 
between the truss and reinforced 
concrete structural bond beam.  For 
new installations, the MTSM/ HTSM 
strap offers 830 pounds of uplift  
protection per truss and is suited 
when there 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 SWCCC. Seven 10d nails go into 
the wood truss and 4 masonry 

screws ς quarter inch diameter and 1¾ inch long - go into the concrete bond beam (See 
Figure 4-19). 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 below. See Section 4.4.3. and Figure 4-48. 

 

   Figure 4-19. These are Titen Turbo screws made by Simpson Strong-Tie 
for drilling into concrete or masonry (CMU). The screws can be inserted 
into pre-drilled holes in the concrete structural bond beam (Figure 4-18) 
to attach to the truss. They can also be used to fasten protective screens 
onto concrete or CMU walls to protect windows against wind-borne 
debris during a typhoon (See Figure 4-60). 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 are also found as 410 stainless steel with an additional zinc 
plated protective coating (part number TTN25134HSS). For the stainless-
steel version, go the Simpson Strong-Tie website and type in the part 
number.   
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Figure 4-20. The HM9 is a connector 
made especially for the situation where 
there is no top wood plate, and the 
attachment is directly 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 SDS ¼ 
inch wide and 1 ½ inch long screws for 
the truss and 5 of the ¼ inch wide by 1 
¾ inch Titen screws for the concrete. 
See page 262 and 263 of the SWCCC. 

 
 

Figure 4-21. For new construction, the 
preferred method of tying the truss to the 
concrete structural bond beam is with the 
LTA2 connector.  This is set into the bond 
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 
resistant to corrosion. This can be found 
on page 262 and 263 of the SWCCC. 
Additional connectors that can be used 

with even greater uplift protection for new construction are the META connectors 
found on page 262 and 263 of the catalog. 

 

The connections of the truss to the concrete structural reinforced bond beam as 

shown in Figures 4-18, 4-20, or 4-21 in retrofit or new construction are 

preferable to the common practice in the FSM of bending rebar from the 

concrete/masonry walls over the trusses to hold them in place. This is not a 

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

 

Besides the specific connectors shown to attach roof trusses to the concrete 

structural bond beam (Figures 4-18 to 4-21), or roof trusses to a wood top 

plate (Figures 4-16 and 4-17), there are also steel metal straps that can serve as 

a general connection to various wood structural members (Figure 4-22).  For 

example, these straps can be used to help complete the continuous load path 

connection in a wood framed house (Figure 4-4). These could be used to tie  
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the top plate to a vertical stud (Figure 4-4 ï B), one floor to a lower floor 

(Figure 4-4 ï C), or the vertical stud to the sill plate or bottom plate (Figure 4-

4 ï D). 
 

Figure 4-22. Attaching various wood or 
roof structural members with CS16 
stainless steel metal straps (page 283 to 
285 of the SWCCC).  (A) Structural straps 
in a coil and with different lengths and 
thickness are available.  (B) The strap is 
cut to the desired length with aviation 
snips (i.e., metal snippet). (C) Metal strap 
cut to desired length. (D) Six 10d or 
seven 8d common nails can be used to 
attach each end. The length is cut as 
needed, or the table on page 284 of the 
SWCCC can be followed for specific 

design loads. This is a general-purpose connector for members that are flush (for 
example, vertical studs to the top plate, tying the first floor to the second, or 
stud to sill plate (Figure 4-4)). 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, 4-18, and 4-20). The advantage of the coiled straps is low cost and the 
flexibility to adjust the 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 resistant. As 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 4-42).  Do not mix metals (for example stainless steel nails and 
galvanized connectors). The dissimilar metals can lead to accelerated corrosion.  
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4.3.3 Fortifying 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 (Figure 4-23). 

Figure 4-23. To tie the roof 
trusses, sometimes nails 
are used in tension (nails 
parallel to wind forces), 
which pull out easily in 
high winds. Stronger is the 
use of wood gussets, 
instead of nails to tie the 
truss members together in 
shear (nails perpendicular 
to wind forces). Note the 
purlins are spaced four 
feet apart. If the purlins 

were 2 feet apart ǘƘŜ ǊƻƻŦ ǿƻǳƭŘ ōŜ ǎǘǊƻƴƎŜǊΦ  ¢ƘŜ ǇǳǊƭƛƴǎ όǳǎǳŀƭƭȅ нέ ōȅ оέǎ ƻǊ нέ 
ōȅ пέǎύ Ǌǳƴ ǇŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ ǘƘŜ ǘǊǳǎǎŜǎ ŀƴŘ ǇŀǊŀƭƭŜƭ ǘƻ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ƘƻǳǎŜΦ 
The metal corrugated roof is attached to the purlins.  

 

4.3.4 The Truss-Purlin  Connection 

It is important that the purlins are strongly fastened to the roof trusses (Figures 
4-24, 4-25 and 4-26). This can be done for new buildings and in retrofit, if a 
ceiling does not cover the roof structure.   

 

Figure 4-24. This is an example of tying the 
members of the truss together with wood 
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 is no 
longer being made, the closest analog 
would be an H3SS.  This is found on page 
288-289 of the SWCCC.   
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Figure 4-25. The A35 clip can also be used to fasten wood at 
right angles, such as for the truss-purlin connection. The 
A35 plate pictured here and on page 297-298 of the 
SWCCC has bend slots which allow instant, accurate field 
bends for all two- and  three-way ties. The reversible 
design permits the A35 to secure a great variety of 
connections. Nine 8d 1.5-inch nails are used to make the 
connection. The clip is readily available in the FSM. It is 
important that similar metals be used. For example, use 
stainless steel nails for stainless steel A35 clips. Use 
galvanized nails with galvanized A35 clips. Do not mix the 
metals for the clip and fastener. 

 
 
 
 

 
 

Figure 4-26. The A35 framing angle can 
strengthen the connection between the truss and 
purlin. This Figure shows how the A35 angle can 
be configured. The A35 angle is bent so that one 
tab and 3 of the 8d 1.5-inch nails are on the side 
and bottom of the purlin. Another tab with a 
similar fastener configuration is in the truss. 

 
 
 
 
 
 

 

With regard to the truss-purlin connection, the connector to use could be the 
A35, H2.5, or H3. The key factor to consider is the size of the purlin (2ò by 3ò or 
2ò by 4ò) and its orientation, (either flat as in Figure 4-23 and 4-26 or vertical).  
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4.3.5 Fastening 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 (Figures 4-27). 

 

Figure 4-27. Typically, corrugated metal roofing is 
attached to the purlins with nails. Even stronger is to 
use a twisted umbrella head nail and rubber washer.  
Alternatively, a roofing screw with washer can be 
used. These fasteners can be used for: (i) new roofs, 
(ii) the retrofit  of existing roofs, if the current roof is 
damaged, or (iii) as additional fasteners on an existing 
roof.  

 
 

 

 

Figure 4-28.  These are appropriate fasteners 
commonly found in FSM to attach metal 
corrugated roofs to the purlins.   
A ς 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 used over smooth shank nails in high 
wind areas.   
B ς Screw Shank Nail with umbrella head and 

rubber washer. This is appropriate for hard wood where splitting can be a problem.   

C ς Roofing screw with rubber washer.  Screws have even more pull out or withdrawal 
resistance than ring shank nails.   

 

 

In considering connectors for the roof, two key factors are Pull Through Strength 

(fastener head pulling through the roofing material) and Withdrawal Strength 

(fastener pulling out of the substrate such as the wood purlins). In Figure 4-28, the 

roofing screw with rubber washer (C) would have the greatest withdrawal 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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greatest pull through strength because of the large umbrella head. In the 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, and panel damage.  

 

Use fasteners compatible with your metal corrugated roof. In a marine 

environment, aluminum and aluminum-zinc alloys are good (See Section 4.3.7).  

Stainless-steel fasteners are even stronger, which is good for typhoon risk areas, 

but there is still risk of localized corrosion if used to attach to a Galvalume or 

Zincalume roof because of dissimilar metals (Section 4.3.7 and Figures 4-40, 4-41 

and 4-42). In this case, use a stainless-steel fastener with a large umbrella head or 

stainless-steel washer. These should be coupled with an isolation rubber washer to 

minimize the risk of localized corrosion. In general, select the fasteners and 

installation methods recommended by the roofing manufacturer. This should be 

provided by reputable manufacturers.  

 

Additional measures to strengthen the roof include providing sufficient overlap of 

the corrugated metal sheets in order to strengthen the joints (Figure 4-29). 

 
 

Figure 4-29. During installation of the metal corrugated 
roof, it is recommended that there be at least two 
ridges that overlap (From sheltercluster.org). This 
should be done for new construction and for the 
repair or replacement of existing roofs. Some 
guidance recommends the overlap of three ridges 
(see Figure 4-34). The fasteners for the metal 
corrugated roof should be installed through the 
ridge closest to the edge of the overlapping upper 
metal sheet.  
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Figure 4-30. Some roofs have flat 
sections that differ from undulating roof 
sheets shown in Figures 4-27 and 4-29. 
In this case, fasteners to the purlins 
should be in the lower flat portion of the 
panel. The exceptions may be to 
ŎƻƴƴŜŎǘ ŀ ǎŜŀƳ ƻǊ ƛŦ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ 
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, IOM.   
 

 
 

 

Figure 4-31. For high wind 
events such as a typhoon, 
uplift  pressure to blow the 
roof off will  be greatest at the 
corners, roof edges and 
ridges. At the corners, wind 
forces may be 2.8 times 
greater than in the middle of 
the roof. At the edges and 
ridges, 1.8 times greater 
(from the IƻƳŜƻǿƴŜǊΩǎ 
Handbook to Prepare for 
Natural Hazards ς HawaiΨi). 
For this reason, use more nails 
or preferably screws in 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.  
 

 


