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Abstract  

Over the past few decades, there was an exponential increase in human and material losses 
from disaster events. Natural disasters are physically, socially, and psychologically 
devastating to a community. It can be extremely difficult to rebuild and restore the lives of 
residents after the destructive event. Where do organizations and governments begin to help 
its constituents? Resilient infrastructure policies move the community from reactive 
approaches to a proactive stance where stakeholders actively engage in reducing many of the 
broad societal and economic burdens that disasters can cause. Investing in resiliency, from 
strengthening building codes to adopting voluntary standards can be surprisingly cost-
effective, greatly reducing the impact of natural hazards. Policies affecting building practices 
can also be instrumental in increasing economic investment in making the socio-economic 
dimension of our society resilient and climate proof. Building with robust materials such as 
concrete is complementary outcome of resilience strategies. 
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1. INTRODUCTION 
The past two decades saw record-setting loss of life and property in virtually every part of 

the world, including Europe. Between 1998 and 2009, natural hazards and technological 
accidents caused nearly 100,000 fatalities and affected more than 11 million people. The heat 
wave of 2003 had the highest human losses over western and southern Europe, with more 
than 70,000 fatalities. The Izmit, Turkey earthquake of 1999, took more than 17,000 lives. 
The largest disasters due to natural hazards caused a loss of about €150 billion in the 32 
European Economic Area (EEA) member countries (EEA, 2010).  

While there is credible concern from climate-induced sea-level change with global 
warming projected to intensify the hydrological cycle and increase the occurrence and 
frequency of flood events in large parts of Europe (IPCC, 2013), estimates of changes in flood 
frequency and magnitude remain highly uncertain. Moreover, there has been no clear long-
term trend in major storms in Europe (Matulla, 2008) or wildfire events (EPI, 2015). 
Therefore, most of the increased disaster losses cannot necessarily be attributed to an 
increased occurrence of hazards.  The increase in losses can be explained to a large extent by 
population migration and accumulation of economic assets in hazard-prone areas.  

Over the past 50 years, the population living in European coastal municipalities has almost 
tripled to reach 196 million inhabitants and the total value of economic assets located within 
500 meters from the coastline has multiplied to an estimated €500-1000 billion in 2000 
(Doody, 2004).  That’s 43% of the inhabitants of the 22 EU Member States lived in with 50 
km of the sea. This high concentration of people in historically hazardous regions – stormy 
northwest and seismic prone southeast coasts- has produced many economic benefits, but the 
combined effects of booming population growth and commercial development have strained 
the infrastructure that provided these economic benefits.  

At the same time, wealth and the value of their possessions have increased substantially.  
Almost 40 % of the EU's GDP is generated in these maritime regions, and a staggering 75 % 
of the volume of the EU's foreign trade is conducted by sea. These changes in concentration 
of population and economic values are significant contributors to the increased property 
losses from natural hazards.  

2. COMMUNITY DISASTER RESILIENCE 
Disasters result not as much from the destructive agent itself but from the way in which 

communities are (or are not) prepared. Disasters happen when the natural systems are 
encroached upon by human development. The extent of disruption caused by a disaster is 
greatly influenced by the degree to which society chooses be fortified for the event. It is 
apparent that there needs to be significant shift in how we address natural disasters, moving 
away from the traditional focus on response and recovery toward emphasis on resiliency, that 
is, preventive actions to reduce the effects of a natural hazard.  

Resilience can be understood as the capacity to anticipate and minimize potential 
destructive forces through adaptation or resistance. Basically addressing changes in the 
environment requires actions to mitigate their negative effects. If we identify resiliency, not 
solely as a state of preparedness for disaster, but as a desired characteristic of a sustainable 
society, one that maintains economic, environmental and social capital, we can begin to plan 
for resilience. Resilience can be expressed in terms of functionality and the time to recover 
following a disruptive event (Figure 1). 
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Figure 1: Functional Resilience (NIST, 2014) 

Our built environment has enabled societies to thrive and grow and become increasingly 
interconnected and interdependent from the local to global levels. And because of society’s 
concern for the environment, we have placed a great deal of emphasis on recycling rates and 
carbon footprints. It is ironic that we are surprisingly willing to invest considerable amounts 
of upfront capital for a BREEAM (Building Research Establishment Environmental 
Assessment Methodology) or LEED (Leadership in Energy and Environmental Design) 
certification to achieve a mere 20-30% energy efficiency, yet be completely satisfied if the 
structure meets only the code minimum requirements for seismic or wind load.  

Balancing long term development plans with the ability to adapt to the needs of a rapidly 
evolving society is vital to the ultimate success of a building life plan. Planners should 
consider the building’s potential for future use and re-use. In addition, a sustainable building 
should be designed to sustain suffer minimal damage due to natural disasters such as 
hurricanes, tornadoes, earthquakes, flooding and fire. Otherwise, the environmental, economic 
and societal burden of our built environment could be overwhelming. A building that requires 
frequent repair and maintenance or complete replacement after disasters would result in 
unnecessary cost, from both private and public sources, and environmental burdens including 
the energy, waste and emissions due to disposal, repair and replacement.  

3. ECONOMIC BENEFITS OF HAZARD MITIGATION  
Building a strong, resilient community is a sound strategy to prepare for climate, 

geophysical and extreme weather shocks. But it also holds the promise of meaningful 
employment and strong local economies. In the aftermath of a disaster businesses can suffer 
costly damage, be cut off from supplies, lose sales, and experience disrupted operations.  In 
some cases, they may even be forced to close permanently.  When businesses and industries 
fail or falter, the communities they serve can feel serious impacts, ranging from a lack of 
access to goods and services to the loss of income and jobs. 

Natural hazard mitigation is a resilience strategy that saves lives and money. In 2005, the 
US Multihazard Mitigation Council (NIBS, 2005) of the National Institute of Building 
Sciences conducted an independent study funded by the Federal Emergency Management 
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Agency (FEMA) to study assess the effectiveness of disaster mitigation. The report quantified 
the future savings every dollar spent on mitigation saved four dollars in avoided future losses. 
The mitigation grant programs funded by FEMA cost the federal government €3.2 billion 
($3.5 billion) from 1993 to 2003 but yielded a societal benefit of $14 billion. The benefits of 
mitigation were defined as the potential losses to society that were avoided as a result of 
investment in mitigation. Those benefits include:  

• Reduction in property damage  
• Reduction in business disruption  
• Reduction in non-market damage (environmental damage to wetlands, parks, wildlife 

and historic structures)  
• Reduction in deaths, injuries and homelessness  
• Reduction in cost of emergency response (ambulance and fire service)  

4. BUILD WITH ROBUST MATERIALS 
There are many pathways to a resilient community.  Adoption of the Eurocodes is a great 

start. Another key step towards resilience is to build with robust building materials. Some of 
the qualities of robust building materials include versatility, strength, wind and water 
resistance, seismic resistance, fire resistance, energy efficiency and durability. Concrete 
building systems are especially suited to provide resistance to natural hazards. Concrete has 
the necessary hardness and mass to resist the hail of storm events and flying debris of 
tornadoes. Concrete is fire resistant and non-flammable, which means it can contain fires and 
will not contribute to the spreading of fire. Reinforced concrete framing systems can be 
designed to resist the most severe earthquakes without collapse. Concrete doesn’t rot or rust 
even if it is subject to flooding.  

Case Study 1 (High Wind and Storm Surge): There are many examples of structures built 
with heavy building materials, such as concrete, surviving major disasters. When Hurricane 
Katrina, the most economically devastating disaster in US history, slammed into the coastal 
counties of Mississippi with sustained winds of 125 mph and a storm surge that reached 28 
feet, the only house to survive along the beachfront of Pass Christian, MS was the Sundberg 
home Scott and Caroline Sundberg were 85% complete building their dream home along the 
Mississippi coast when the Hurricane hit. All other homes on the beachfront were completely 
destroyed. They built their home using insulating concrete forms (ICFs) for the walls and 
cast-in-place concrete frame construction for the lower level, floors and roof precisely for this 
reason to survive the devastating effects of a hurricane.  

Case Study 2 (Wildfires): As it stands, wildfires ravage about 2,000 square miles of land in 
Europe each year with warning of a 200 percent increase by 2090 (Khabarov, 2014). A 1993 
wildfire in Laguna Beach, CA, consumed 17,000 acres and destroyed 366 homes in a single 
day. The home of To Bui and Doris Bender Los Angeles Times named the “miracle house” 
(Underwood 1995) shows the lone survivor which remained protected by an envelope of non-
combustible, cementitious stucco wall cladding and concrete roof tiles.  Detailing such as 
stucco cladding on walls, eaves and trim, as well as Class A concrete tile roof, prevented 
combustion of the exterior amidst the firestorm that swept through the community.  

Case Study 3 (Tornado): Tornadoes are not a uniquely US phenomenon. Approximately 
300 touch down in Europe a year (Prociv, 2013). The EF-4 tornado that roared through 
Tuscaloosa, AL, on April 27, 2011, leveled block after block in the Forest Lake 
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neighborhood. The only thing left standing was a closet at the Blakeney residence on 16th 
Street East. The closet was built as a safe room using 8-inch reinforced concrete masonry to 
withstand high winds and flying debris caused by tornadoes (Jones 2011). Small windowless 
rooms such as a walk in closet are ideal locations for a safe room in a home. Concrete proves 
to be the most widely used method for constructing safe rooms.  

Case Study 4 (Storm Surge/Flooding): Hurricane Sandy was a wakeup call for New York 
City. Sea level rise, increased coastal flooding, more frequent and intense rainstorms, and 
increased annual precipitation all threaten the functioning of her critical infrastructure. NYC 
is staking steps in developing strategies to prepare for these impacts with “green 
infrastructure” solutions like green roofs, plantings, rain barrels and porous pavement to 
naturally control and treat stormwater pollution by absorbing polluted runoff instead of 
diverting the flow straight into their waterways (NYC 2010). And they have the added benefit 
of making the city a more pleasant place to live overall by increasing greenspace, cooling 
overall temperatures, and boosting local jobs.  

5. CONCLUSION  
Resilience planning offers communities an opportunity to play a major role in determining 

the essential services and infrastructure needs that underpin their economic vitality, improve 
the health and safety of its citizens, and support sustainability.  

Disaster mitigation by building with robust material works and is cost effective. Spending 
time and money up front to reduce the likelihood of loss during a natural disaster can bring 
significant benefits to building owners and communities including lower insurance costs, 
higher property values, security to building owners, maintaining a consistent tax base, and 
minimizing the cost of disaster response and recovery.  

In the end, no community can ever be completely safe from all hazards. Generally, it 
would be uneconomical to design buildings to survive a direct blow from a tornado with 200 
mph wind speeds or magnitude 9.0 earthquake. But resilience promotes greater emphasis on 
what communities can do for themselves before a disaster hits, and how to strengthen their 
local capacities, rather than be dependent on our ineffectual governmental agencies and aging 
centralized infrastructure. Disasters are inevitable, but their adverse consequences need not 
be.  
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