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Introduction 
 
Human designs that are incompatible with the prevailing natural phenomena ultimately have 
disastrous consequences. This is all the more true in our modern age of mass production, where 
given design elements can be found replicated a million-fold throughout the modern urban 
metropolis. Disasters should be and can be “designed” away from our society through the joint 
efforts of scientists, engineers, policy makers, and designers. This paper discusses a 
collaborative project of designers and scientists to tackle one of the most pervasive and daunting 
tasks of humanity: designing disaster and resilient communities. Proactively designing and 
building disaster-resistant communities is much more effective than providing relief to suffering 
victims after disasters happen. It aims to reflect on the ongoing multidisciplinary conversations on 
global issues such as climate change, that the industrial design community has begun to take a 
more important part in.  
 
Basic Terminology of Disaster Management 
 
A collaborative project should begin with the mutual understanding of terminology. A few key 
concepts in disaster management relevant to our discussions in this paper are discussed below 
for the audience in the Industrial Design community. 
 
Emergency or Disaster? 
The difference between an emergency and a disaster has to do with the resources available to 
the community when a hazardous incident occurs. The size of the incident is in fact not the 
determining factor. The size of the incident relative to the capabilities of the available resources to 
manage the incident is what matters. In an emergency, the community has the resource capacity 
and it is readily available at the scene of the incident so that it can be used to manage the 
incident. Otherwise, it becomes a disaster. Designers could find opportunities in both emergency 
and disaster situations. 
 
Natural Disasters or Technological Disaster? 
There are two types of disaster in general: natural disaster and technological disaster. Some 
natural phenomena, particularly those that generate a lot of energy such as earthquakes and 
hurricanes, are potentially hazardous to humans. They represent natural hazards. These natural 
phenomena are integral parts of the environment and are not possible to stop. They also sustain 
and renew our environment. Technological disaster, on the other hand, could be prevented 
through careful planning and technological advancement. This paper focuses on the discussion of 
natural disasters. 
 
Vulnerability 
Vulnerability is the susceptibility of a person, group, society or system to physical or emotional 
injury or attack. This concept is often discussed with another important concept: resilience. 
Resilience is the ability of a community to recover quickly after experiencing a disaster (see below 
Disaster Resiliency section). It is determined by the amount of resources that are available to the 
community to repair the damages and rebuild. It also depends upon the state of the community 
before the disaster occurred. If the community was in bad shape before the disaster, it will be 
more vulnerable to disasters and emergency situation might more likely snowball into disasters.  
   
Cascading effects 
Cascading effects means an initial event triggers additional events. Emergency and disaster must 
be studied in a systematic way to understand the cascading effects. For instance, massive loss of 
human lives in disasters would lead to sanitation problems for the survivors; it would also create a 



shortage of labor for the relief efforts therefore making the rebuilding more difficult. Designers 
also must be aware of the chain events occur after emergency and disaster strike, thus 
understand the cascading effects of their designs. Our solutions must not create other problems 
while helping solving one.     
 
Cultural acceptability  
Cultural acceptability is the willingness and capability of a group of people to adopt new ideas.  
It is extremely important for designers to understand the local culture to design any solutions for 
the community. Culture also plays a huge part in both the cause and the prevention of disasters 
because a community could increase its resilience to disasters by education and planning, as well 
as building a culture that is open to changes that will help the community to adapt to its natural 
environment and prepare for natural hazards.  
 
Risk Assessment and Risk Reduction Strategies 
People expose to various risks every day. Assessment of these risks is the first step to plan for 
emergency response and long-term mitigation strategies. Risks could be assessed quantitatively 
and qualitatively. There are six steps to conduct risk assessment in general (Haddow, Bullock, & 
Coppola, 2008): 

1. Identify and characterize the hazard 
2. Evaluate each hazard for the severity and frequency 
3. Estimate the risk 
4. Determine the potential societal and economic effects (direct and indirect) 
5. Determine the acceptable level of risk 
6. Identify risk-reduction opportunities  

 
Once assessed, risks could be reduced or eliminated in many ways. There are three main risk 
reduction strategies: 

1. Relocate the community to a less hazardous location or opt out altogether, thereby 
avoiding any potential loss. Unfortunately, to do so, we would also forfeit any opportunity 
for gain 

2. Pay for the loss should it occur. There are three common strategies: Individuals could 
insure themselves against the loss by saving for an emergency fund, then accept and 
pay for the entire loss in one lump sum if it occurs; Individuals could join an insurance 
policy against the risk and pay a monthly premium; Individuals could outsource the 
hazardous part of the activity and pay someone else deal with the consequences. 

3. Use innovative design or technological solutions to reduce the size of the loss or the 
likelihood of the loss or both. 

 
In reality, avoiding risk is generally not an option for people with little financial and material 
resources. Therefore, design and technological solutions sponsored by the community offer the 
most viable risk reduction mechanism available to the majority of people. That is why it is 
important to involve designers in this process of risk assessment and risk reduction planning. 
 
Disaster Resilience 
 
Resilience from disaster is commonly defined as the ability of a community to absorb and recover 
from severe shocks caused by emergency or disaster. Disaster-resistance and disaster-resilience 
are two concepts in disaster management that have different focuses. Disaster-resistance 
focuses on preventing disasters from happening, while disaster-resilience focuses on recovering 
from damages caused by disasters. These two concepts are not mutually exclusive. A community 
could be both disaster-resistant and disaster-resilient. Resilient communities are flexible and 
resourceful. They have many ways to recover from a disaster. A resilient community has these 
characteristics: knowledge, health of its members, and wealth. The kind of knowledge that 
matters most immediately after a disaster is knowledge about how to survive in the conditions 
that prevail in the aftermath of the disaster, how to obtain the necessities of life such as food, 



water, shelter, safety and security. Only after these basics are obtained could people turn their 
attention to the task of reconstructing the community. 
 
However, a community could have huge investment in preventing disasters but if those measures 
fail, it would need a long process to recover. For example, scenarios of major disasters in New 
Orleans have been studied extensively and millions of dollars have been spent in building levees 
and water pumping system to protect the city in case of massive flooding and hurricanes (Cooper 
& Block, 2006). However, when Hurricane Katrina devastated the city in 2005, some parts of the 
city never recovered from the loss of homes and jobs. When the researchers came to St. Bernard 
Parish to volunteer for the disaster relief efforts organized by the Habitat for Humanity in March 
2008, almost 19 months after Katrina, devastations could still be witnessed everywhere. The 
Parish has lost half of its residents since Katrina in the past six years. A vicious cycle of “no 
business-no job-outmigration-no business for business” was established and very difficult to 
break.  
 
On the other hand, Greensburg in Kansas serves as a positive example of disaster-resilience 
(Leonardo DiCaprio, 2008). It has also lost half of its population after it was hit by an EF5 tornado 
in May 4, 2007 and 95% of the town’s buildings were destroyed or damaged. Though not without 
controversies at times, the remaining and returning Greensburg residents seem to be determined 
to build a “stronger, better, and greener” new town (The City of Greensburg, 2011). The city 
council of Greensburg passed a resolution after the disaster that all city buildings would be built to 
LEED-platinum standard, making it the first US town to do so. With the help from the US 
Department of Energy and the National Renewable Energy Laboratory, the town turned the 
disaster into an opportunity and created a vision to rebuild as a sustainable community (DOE, 
2011).  
 
As the Multidisciplinary Center for Earthquake Engineering Research defines, disaster-resilience 
of a community considers four fundamental properties: robustness, redundancy, resourcefulness, 
and rapidity. It also has four dimensions: technical, organizational, social, and economic 
((MCEER), 2006). These are the dimensions that designers could find ways to contribute. 
 
Cycle of Disasters  
 
To begin designing for disaster-resilient communities, we must first understand the cycle of 
disasters and the stakeholders in each phase of this cycle. In general, there are three phases of 
disaster management. 
  
Phase 1: Mitigation and Preparedness 
Mitigation is defined as a sustained action to reduce or eliminate risk to people and property from 
hazards and their effects. Preparedness within the field of emergency management can be best 
defined as a state of readiness to respond to a disaster, crisis, or any other type of emergency 
situation. The main difference between mitigation and preparedness is that mitigation is the on-
going effort to lessen the impact of disasters through pre-disaster actions, while preparedness 
deals with the functional aspects of emergency management, such as the response to and 
recovery from a disaster (Haddow et al., 2008). In other words, mitigation focuses on the long-
term effects of urban planning and financial mechanism to build the resiliency of the communities. 
Preparedness focuses on the establishing a system-wide posture that is ready to respond in an 
emergency (Mileti, 1999). 
 
Both of these activities are based on risk assessment and require consistent planning efforts. 
Mitigation uses these tools to reduce risk: hazard identification and mapping; design and 
construction application; land-use planning; financial incentives; insurance; structural controls. 
National Response Plan defines 15 emergency functions, each relies on a level of preparedness 
(Haddow et al., 2008).  
 
Phase 2: Response 



There are three levels of organizational responses in the immediate aftermath of disasters in the 
US: local response, state response, and federal response. Stakeholders in this phase include 
local first responders, emergency managers, local elected officials, Department of Homeland 
Security (including FEMA), volunteer responding teams, etc.   
 
Phase 3: Relief and Recovery 
Relief and recovery function and process begin immediately after the initial response phase. The 
process is usually long-lasting and has high cost and the participants in the process are 
numerous. It involves all levels of government (including international organizations), the 
business community, political leadership, community activists, and individuals(Haddow et al., 
2008).  
 
Historical Human Adaptations of Disasters 
 
Over the past 2,000 years, human cultures have developed a variety of means to adapt to 
potentially hazardous phenomena. The degree of success attributed to these means provides 
ample examples of how design can affect and change the fate of a community or a civilization. 
This paper discusses three historical examples and their modern counterparts of such 
adaptations in three natural hazards scenarios, all focus on innovative and technological solutions.  
 
Earthquake-resistant Structures: Inca and Modern Earthquake-resistant Structures 
In earthquake engineering and architecture, efforts have been focusing on seismic vibration 
control (Wikipedia.org, 2011a). One of the most successful earthquake-resistant man-made 
structures is the Inca ashlar (dry stone walls) masonry structure. Examples of this type of 
masonry structure locate in Machu Picchu in Peru. These structures stood the test of time in a 
highly seismically active region. Modern building technology and planning established building 
codes that require structures to absorb, dissipate, and disperse the wave energy of earthquakes. 
Examples could be seen in San Francisco and Japan, especially with new technologies 
developed for skyscrapers.  
   
Flood Control: Dujiangyan and Flood Control in the Netherlands 
People have been using methods of diverting or restraining water to control flood for thousands of 
years. One of the most successful structures for flood control is Dujiangyan of Mainland China. 
Dujiangyan Irrigation System is the oldest hydraulic system in the world that is still in use today. It 
was built in 256BC in what is now Sichuan Province. Instead of blocking the river with a dam, the 
then governor of the region, Li Bing, had a levee system built to divert the fast-flowing water to 
irrigate nearby Chendu Plains while at the same time allowing large vessels as well as fish to 
pass through. Modern dams developed fish ladders to allow the same function.  
 
The Netherlands is another example of flood control success. One of the most vulnerable nations 
to flooding, the Netherlands is also one of the most densely populated countries (Wikipedia.org, 
2011b). Over centuries, it has built the most comprehensive flood control system in the world. 
The nation’s system includes sea dikes built after 1000 AD, as well as sophisticated dams, land 
reclamation, and drainage works. The Netherlanders are extremely vigilant about maintaining 
their flood control system and design it based on latest technological advancement. Currently the 
strongest part of this system could defend against a flood chance of once every 10,000 years.  
 
Wildfires: Suppression VS Control Burn 
Wildfires are common hazards in the US, especially in the western states such as California and 
New Mexico. Naturally occurring dry winds like Santa Ana Winds (Wikipedia.org, 2011c) in 
California intensify the dry conditions in this region in certain seasons of the year and feed the 
wildfires. Wildfires cause huge loss of property and lives, thus the principle of wildfire control in 
the US for the first half part of the Twentieth Century was to suppress wildfires at all times. 
However, Native Americans would often burn woodland to clear overgrowth and increase 
grassland for large prey animals. The benefits of wildfires to the ecosystem gradually gained 
more recognition among researchers and policy makers that the National Park Services 



recognized fire as a natural process and changed its policy from fire control to fire management in 
1968.    
 
Above are only a few of the examples of humans’ numerous efforts to adapt to disasters. From 
Buckminster Fuller’s geodesic domes and Dome City to the villages being rebuilt in the 2008 
Sichuan earthquake region, there have been many radical ways of rethinking our design. Such 
design concept departures might seem radical or futuristic, but they might actually offer better 
long-term solutions for vulnerable communities and groups than traditional options. Instead of 
stubbornly trying to deny threats from natural hazards and prevent them from occurring, the 
researchers argue that we need to shift our culture towards one that not only accepts dynamic 
changes in nature but actually harnesses them for our benefit. The vision and promise of 
disaster-resistant and disaster-resilient communities will only be realized after we alter our mental 
models and cultural beliefs and begin to embrace adaptive planning and proactive design.  
 
Design Opportunities  
 
“In the aftermath of a disaster, people behave in a more urgent manner and are more likely to call 
forth ingenuity”(Rose, 2006). Based on the cycle of disasters discussed above, we can explore 
design opportunities in each phrase of this cycle.  
 
Disaster Mitigation/Preparedness 
Design for disaster prevention is an important area that requires much collaboration among 
scientists, planners, and designers. Long-term mitigation efforts should focus on building more 
sustainable communities. Therefore, the principles of sustainable design should apply. 
 
The most recent noticeable example of such an object is the Geocell Rapid Deployment Flood 
Wall produced by the Geocell System, Inc and Eastman Chemical Company. It was an IDEA gold 
winner in 2010. The product is light-weight and ships as flat sheets to minimize the cost of 
transportation and storage. It is a modular design and can be assembled by only two workers. 
The cells are then filled with sand to form the flood barrier. This product helps both to prepare for 
the disaster and respond to flooding emergency. It was developed by designers and material 
engineers to ensure the plastics would be strong enough for the tasks. 
 
Emergency Response  
Many solutions have been devised for smaller scale emergencies such as household fire, 
temporary loss of power, and personal injuries caused by accidents, etc.  For instance, there are 
many emergency response kits sold to individual to prepare and protect their families in these 
emergencies.  With the advancement in GPS technology, more products could be designed to 
help locate the victims in the aftermath of disasters. On the other hand, products are also needed 
for the first responders to reduce the occupational hazard.  
 
Disaster Relief and Recovery 
Disaster relief has been the main focus of most design efforts. There are two types of design 
opportunities in this category: functional objects and charitable objects.   
 
Functional objects include: temporary shelters, medical equipments, water cleansing equipments, 
and debris removal equipments. Many designers and architects focus on shelter design. National 
Art Museum of China opened an exhibition in 2009 titled “Crossing: Dialogues for Emergency 
Architecture”. The exhibition showcased several shelter designs. One is the “Room Room”, a 
project conceived and developed by Encore Heureux + G studio. The shelter is designed like a 
wheeled cart that can be pulled by a human, an animal or a motorized vehicle. Therefore, it does 
not require energy-intense transportation. It can be configured to allow movement, temporary 
sleep/storage and a more permanent stay.  
  
After the Haiti Earthquake, if displaced people are going to be returned, the rubble needs to be 
removed first. Unfortunately, the geography of Port-au-Prince, with its narrow streets and hilly 



terrain, makes many areas difficult or impossible to get to with heavy mechanized machinery. A 
portable hand-cranked rubble crusher was introduced in the area. The parts of this rubble crusher 
are carried up the labyrinth of tiny walkways through the fallen buildings. Then the machine is 
reassembled and the crushing begins. Two men crank a rubble crusher while one man drops 
rock-size debris between the metal plated crushers. The crumbled rubble is collected in buckets. 
Sand and gravel are separated into plastic bags. On a good day, the crew fills 125 bags, about 5 
cubic meters. The resulting aggregate material can be sorted by size and used in new concrete 
construction. This solution involves and empowers survivors from communities in the clearing and 
redevelopment of their own neighborhoods. 
 
Health and sanitation is another area of focus in designing for disaster relief. The “Drinkbak” Red 
Cross Water Unit designed by Swiss designer Damien Ummel of Atelier Peekaboo Design Studio 
is one of the attempts to solve the water contamination issue after disasters occur. This product 
uses filters to filter water to generate safe drinking water. Each filter lasts for one month. It could 
be easily dissembled and pack flat.  
 
Charitable objects include objects designed to commemorate the event and sold to raise money 
for the victims. Chinese Industrial Designer Tom Shi has designed a pair of electric heated pillows 
for the victims of the 2008 Sichuan Earthquake. These pillows could be purchased by donors in 
pairs, one of the pair will be given to a child orphaned by the disaster, the other one will be given 
to the donor. Tom had the cold weather of Sichuan in mind when he designed the product and 
organized the donation. Victims of the earthquake lived in temporary shelters with no heat 
through the winter. The pillows were a welcome relief for the children.    
 
Teaching and Learning the Design Challenge of Disaster at the Undergraduate Level 
 
Columbia College Chicago is an urban institution of over 12,000 undergraduate and graduate 
students, emphasizing arts, media, and communications, in a liberal arts setting. Our Product 
Design BFA program is one of the six BFA programs in the Art + Design Department. There are 
currently approximately 60 to 70 students enrolled in the program.  
 
Though several students have focused their thesis projects on design for disaster or emergency, 
the researchers realized a more systematic approach in our design education was needed to help 
students understand this complicated issue. To ensure that the students have sufficient technical 
skills and experience with conducting cross-disciplinary research to tackle the subject, the 
researchers worked with the junior level Product Design studio class, which focuses on design 
research. To kick-start this project, the researchers gave the class an overview of disaster 
management concepts and used the case study of the Haiti earthquake in 2010 to explain the 
cascading effects of disasters. The presentation also provided a few examples of design solutions 
for disaster relief and emergency response. Students were required to research the topic and 
generate research reports, identify design opportunities, then propose their solutions.  
 
Students showed great enthusiasm for the project. In this semester-long class, students designed 
projects such as floating device for tsunami and flood, personal devices for search and rescuing 
skiers in avalanche, and everyday products such as smoke detectors. Several outstanding 
projects are featured in the presentation at the 2011 IDSA International Conference.  
 
Conclusion 
 
Designing disaster-resilient community could be a new niche in the Industrial Design profession. 
Admittedly, our current products and/or concepts for disaster response and relief are limited not 
only in quantity, but also in effectiveness. Many designs stay as beautiful concepts that never 
provide any relief to people who need solutions the most. To create more effective products, the 
researchers have proposed these basic guidelines: 
 
Design Guidelines for Designing Disaster-Resilient Communities 



• Must understand the basic terminology of disaster management and the cycle of disaster 

• Must work with various stakeholders in the community 
• Must consider the local adaptability of the solutions, both physically and culturally 

• Must consider transportation viability of the solutions in emergency and/or disaster 
situations 

• Must be easy to assemble and dissemble once replaced by more permanent solutions to 
reduce waste and environmental impact. 

 
These guidelines conclude this collaborative project so far. As the project carries on, they would 
be refined further. This paper is a catalyst to invite broader conversations on this topic. The 
design community understands that as designers we need to learn to speak languages other than 
our “design language”. We need to communicate with professionals in other domains to learn 
their paradigms and languages. This paper is an attempt to breach one of those gaps. By having 
this conversation, designers and scientists will learn to appreciate each other’s perspectives, and 
thus learn to work collaboratively together.  
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