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Introduction

Central America’s coastlines are rich with life and livelihoods—dense mangrove
forests, coral reefs, bustling ports, fishing cooperatives, and growing tourism hubs. Yet
these same shores sit at the intersection of powerful forces: hurricanes and tropical
storms that intensify over warm seas, earthquakes along complex tectonic boundaries,
and floods that sweep through river deltas and urban drainage systems. Resilience
here is not an abstract goal; it is a daily practice that determines whether families can
stay in their homes, whether small businesses reopen, and whether municipal services
continue when hazards strike.

This book is a hands-on toolkit for municipal authorities, NGOs, and community leaders
committed to practical, affordable preparedness. We focus on what works in resource-
constrained settings: participatory risk mapping, drills that build muscle memory, low-
cost retrofits for homes and clinics, green-gray infrastructure that harnesses
mangroves and reefs alongside engineered measures, and simple systems to keep
water, power, and communications running. Rather than treat hurricanes,
earthquakes, and floods as separate domains, we integrate them—because
communities experience compound and cascading impacts, not isolated events.

Our approach is grounded in three principles. First, community-led action is the
cornerstone of durable resilience; plans endure when residents help design them,
practice them, and hold institutions accountable. Second, speed matters: rapid,
coordinated response depends on clear roles, redundant communication, and
prepositioned supplies. Third, equity is non-negotiable. Children, older adults, people
with disabilities, indigenous and Afro-descendant communities, and coastal fishing
families must shape decisions and see their needs reflected in shelter standards,
evacuation routes, and recovery finance.

Throughout these chapters you will find checklists, templates, and step-by-step guides
that can be adapted to local context—whether you are leading a coastal municipality,
managing an NGO field program, or organizing a neighborhood brigade. We
emphasize drills and exercises because practice reveals gaps that documents cannot;
after-action reviews are built into our guidance so teams improve each cycle. We also
spotlight low-cost interventions with high payoff: elevating critical equipment, securing
roofs and water tanks, clearing and maintaining drainage, establishing community
radio protocols, and restoring natural barriers that reduce storm surge and erosion.

Resilience is not only about withstanding the next event; it is about recovering faster

and smarter. The later chapters cover risk financing, continuity planning for ports and
fisheries, and recovery frameworks that “build back better,” upgrading safety and
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services during reconstruction. We discuss coordination across jurisdictions and
borders, recognizing that rivers, coastlines, and hazard zones do not stop at municipal
lines. Data tools and rapid damage assessment methods help leaders target
assistance and measure progress over time.

Finally, this manual is designed for use before, during, and after emergencies. Read it
end-to-end to build a comprehensive program, or jump directly to chapters as needs
arise—such as establishing an early warning system ahead of hurricane season,
conducting an earthquake drill with schools, or evaluating urban drainage before the
next rainy period. Wherever you begin, we encourage you to adapt, translate, and
iterate. Resilient coasts are built by people working together—planning carefully,
practicing consistently, and improving continuously.
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CHAPTER ONE: Central America’s Risk Landscape:
Hurricanes, Earthquakes, and Floods

Central America’s coasts are where weather, geology, and water meet in ways that
shape everyday life. A fisherman leaves before sunrise to catch snapper, knowing the
afternoon heat can build thunderheads over the Caribbean. A port manager checks
mooring lines when the afternoon tide runs strong. A municipal planner studies which
streets flood when a river rises after two days of steady rain. The region’s hazards are
not abstract threats; they are recurring features of geography that communities learn
to read, prepare for, and live with.

Hurricanes and tropical storms arrive in seasons, but their timing and intensity vary. In
the Atlantic basin, the official season runs from June through November, though
storms can form outside that window. The Caribbean coast of Central America often
faces long periods of swell and wind that push storm surge onto low-lying shores,
while the Pacific side sees systems forming closer to land, sometimes intensifying
rapidly. Rainfall is the most consistent killer: a slow-moving system can drop hundreds
of millimeters over mountains and coastal plains, saturating soils and swelling rivers
days after winds ease.

Earthquakes are a different kind of hazard. The region sits where the Cocos Plate
slides beneath the Caribbean and North American Plates, creating deep trenches and
active faults. Countries along the Pacific volcanic arc, including Guatemala, El
Salvador, Honduras, Nicaragua, and Costa Rica, experience frequent tremors and
occasional major events. Offshore megathrust earthquakes can trigger tsunamis that
reach coastlines in minutes. Inland, strong shaking can destabilize hillsides, and
communities in valleys or near steep slopes face landslide risk even without heavy
rain.

Floods are the most frequent hazard and the most diverse. Coastal areas confront
storm surge and wave attack when hurricanes push seawater inland. River valleys
experience flash floods during intense thunderstorms or prolonged rain. Urban centers
deal with pluvial flooding when drainage systems are overwhelmed, blocked, or poorly
maintained. Seasonal patterns matter: the Caribbean side often sees more rain from
late summer into fall, while the Pacific slope may have intense rainy seasons in late
spring and fall. In many places, droughts between rains produce compacted soils that
reduce infiltration and worsen runoff.

These hazards rarely arrive in isolation. A hurricane can drop torrential rain while
generating swell that damages ports, then a slow-moving low-pressure system keeps
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the region wet for days. An earthquake can strike during a rainy season, cracking
buildings and accelerating landslides in saturated hills. A coastal flood might follow an
upstream dam release when heavy rain fills reservoirs. Understanding these
sequences—hazards, triggers, and knock-on effects—helps communities plan for more
than single events.

Regional geography shapes how hazards play out. Long coastlines expose
communities on both the Caribbean and Pacific sides to different storm tracks and
swell patterns. Mountain ranges run like a spine through much of Central America,
creating windward and leeward contrasts, channeling rain in some basins, and leaving
rain shadows in others. River systems such as the Motagua, Lempa, Ulda, and Coco
drain multiple countries, meaning rainfall upstream affects downstream communities
far from the storm’s center. Mangrove forests, coral reefs, and dunes influence the
extent of wave energy and surge that reach populated areas.

Regional cooperation frameworks provide shared tools and data. The Coordination
Center for Natural Disaster Prevention in Central America (CEPREDENAC) focuses on
sharing information and coordinating response among member states. The Central
American Integration System (SICA) includes a disaster risk management arm that
supports policy, preparedness, and regional planning. National civil protection
agencies in each country translate this coordination into local operations, but the most
effective response depends on prepared municipal governments and organized
communities.

Regional cooperation frameworks provide shared tools and data. The Coordination
Center for Natural Disaster Prevention in Central America (CEPREDENAC) focuses on
sharing information and coordinating response among member states. The Central
American Integration System (SICA) includes a disaster risk management arm that
supports policy, preparedness, and regional planning. National civil protection
agencies in each country translate this coordination into local operations, but the most
effective response depends on prepared municipal governments and organized
communities.

Understanding hazard behavior is practical, not academic. A hurricane’s track
determines which coasts face onshore winds and which face calm during the eyewall’s
passage. Its speed affects rainfall duration; slow storms produce prolonged river
flooding. An earthquake’s depth and distance from shore influence the severity of
shaking felt in coastal towns and the likelihood of tsunami waves. Flood risk depends
on the antecedent moisture of soils, river levels, and the state of drainage. A small
investment in monitoring and planning can pay off when hazard characteristics align
with community vulnerabilities.

Across Central America, typical hurricane impacts include wind damage to roofs and
power lines, saltwater intrusion into wells and fields, and damage to ports and fishing
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infrastructure. Storm surge elevations vary with tide; a surge that arrives at high tide
can overtop barriers that might otherwise hold. Prolonged rain can trigger landslides in
deforested areas, cutting roads and isolating communities. In coastal towns,
businesses dependent on beaches and tourism often suffer not only from physical
damage but from canceled reservations long after the weather clears.

Earthquake impacts often show patterns tied to building type and ground conditions.
Unreinforced masonry buildings can suffer severe damage in moderate shaking, while
modern, code-compliant structures may perform better. In ports and industrial areas,
poorly anchored cranes, tanks, and storage racks can become hazards. Ground
shaking can liquefy sandy soils near rivers and coasts, causing buildings to tilt or sink.
Tsunami waves can strike quickly, leaving minutes for evacuation; local bathymetry
and coastal geometry can amplify or reduce wave height, which is why site-specific
assessments matter.

Flooding can be sudden or drawn out. Flash floods in mountainous areas may give
communities less than an hour to move to higher ground. Riverine floods can last
days, isolating neighborhoods and contaminating water supplies. Urban floods often
follow clogged culverts and paved surfaces that prevent infiltration, and they can
damage electrical systems and small businesses at street level. Coastal flooding may
coincide with astronomical tides and swell, pushing water through storm drains and
into homes. The pattern of damage is often cumulative: a soaked house from rain may
then be struck by floodwater, weakening walls before the next hazard arrives.

People and assets are distributed unevenly relative to hazards, which shapes risk.
Coastal municipalities often have dense settlements near beaches and estuaries,
where land is flat and accessible. Small ports and fish markets cluster in bays,
exposing equipment and livelihoods to surge and waves. Hillside neighborhoods may
be built on slopes with poor drainage, increasing landslide and flood exposure.
Schools, clinics, and markets are sometimes located in low-lying areas for historical
reasons, making them vulnerable even when residents understand the risk.

Critical infrastructure interdependencies are common. A single storm can knock out
power, which disables water pumps and treatment plants, which forces hospitals to
rely on backup generators with limited fuel. Communications towers may lose
connectivity if roads are blocked and fuel is scarce. Bridges can fail or be overtopped,
delaying medical supplies and evacuation. Ports can be blocked by debris, halting
relief shipments. Planning must consider these cascading effects; strengthening one
node can improve the resilience of the entire system.

Hazards intersect with socioeconomic factors, creating uneven risk. Informal
settlements often lack drainage, solid waste collection, and sturdy housing, making
them more vulnerable to floods and wind. Poverty can limit the ability to evacuate or
to rebuild. Older adults, people with disabilities, and children may face challenges
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moving quickly or accessing shelters. Indigenous and Afro-descendant communities
may have historical ties to specific coastal and riverine lands, with traditional
knowledge that can guide preparedness, but also face barriers to services. Migrant
workers and seasonal laborers may be in temporary housing with high exposure.

Environmental conditions change hazard severity. Mangrove loss increases surge
reach and wave energy, while intact forests can reduce erosion and slow floodwaters.
Coral reef health influences wave attenuation, protecting beaches and coastal
structures. River channels altered by sand extraction or upstream dams can shift flood
risk downstream. Deforestation on steep slopes amplifies landslide risk during heavy
rains. Forest fires can leave soils hydrophobic, worsening flash floods. Land-use
decisions—drainage maintenance, coastal development, and hillside building—shape
what a hazard does when it arrives.

Local examples help illustrate patterns. In the Caribbean lowlands of Guatemala and
Honduras, long-duration rain from slow-moving systems has repeatedly flooded river
basins, isolating towns and damaging agriculture. On the Pacific coasts of El Salvador
and Nicaragua, rapid-onset tropical cyclones and short, intense rainy seasons can
trigger landslides and flash floods. Costa Rica’s varied topography produces localized
impacts, where one valley may flood while a neighboring area remains dry. Panama’s
canal watershed experiences heavy rain that affects river levels and coastal
communities. These cases show that hazard characteristics differ, yet preparedness
principles remain similar.

Data sources are available to support planning. Regional and national meteorological
services provide seasonal outlooks and storm forecasts, while ocean monitoring helps
predict swell and surge. Seismic networks share real-time earthquake locations and
intensities. River gauges and rainfall stations inform flood models, and satellite-based
tools offer maps of damage and vegetation change after events. Municipalities can
combine public data with local observation—like tide levels at the pier or road closures
after rain—to refine risk understanding. Simple tools, such as annotated maps and
community hazard diaries, complement technical datasets.

A practical way to understand local risk is to look at exposure, vulnerability, and
capacity. Exposure refers to people and assets located in hazard zones, such as homes
in floodplains or businesses near the shore. Vulnerability includes building materials,
age, and design; businesses’ supply chains; and community demographics. Capacity
covers local knowledge, organization, early warning systems, evacuation routes,
shelters, and financial resources. Mapping these components does not require
expensive software; it starts with a conversation at the community center, a walk
along the drainage channel, and a look at who lives where and what they depend on.

The region’s hazards have distinct seasonal rhythms that shape preparedness
calendars. Hurricane season drives the need for roof retrofits, shelter readiness, and
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supply prepositioning. Rainy seasons focus attention on drainage clearing and
landslide monitoring. Droughts, which can occur between rains, affect water storage
and agriculture, indirectly influencing resilience when the next storm arrives.
Municipalities often plan drills and maintenance before peak seasons—checking
generators, organizing volunteer teams, and testing communications—so that when a
watch or warning is issued, the system is already warmed up.

Compound events are where planning shows its value. A slow-moving tropical storm
may drop rain on a saturated basin, raising river levels and sending water into streets
at the same time a distant earthquake shakes buildings already weakened by weather.
A coastal flood during a high tide can push water through storm drains and into
basements, while winds knock down power lines. When hazards overlap, response
teams must triage and prioritize. Understanding how these scenarios unfold helps
leaders set priorities, allocate limited resources, and communicate clearly with the
public.

Managing risk is a continuous cycle. It begins with understanding local hazards and
who is exposed. It continues with practical measures to reduce
vulnerability—retrofitting homes, maintaining drainage, securing critical supplies. It
relies on early warning systems, evacuation plans, and drills that build confidence. It
depends on inclusive participation so that no one is left behind. And it adapts as
conditions change, using lessons from each event to improve. The chapters ahead
detail each step, but the starting point is always the same: a clear-eyed view of the
risks that coastal life brings.

Central America’s coasts are not fragile places. They are dynamic environments where
communities have learned to live with storms and tremors. The challenge today is the
pace and intensity of change—climate patterns that amplify rain, more people in
hazard zones, and aging infrastructure. A practical approach recognizes these realities
without fear or fuss: measure what matters, plan for the hazards you have, and
practice the steps that keep people safe. That is the work of resilient coasts.
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