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Income per capita US$56,180 (World Bank, 2017)

BSk — Arid, steppe, cold
(Peel et al., 2007)

Climate zone

On September 2013, Boulder County, Colorado received nearly a
year's worth of rain in a week. Rain poured out of the Rocky
Mountains onto the towns of the prairie. Creeks destroyed roads
and bridges, tore out culverts and downed trees, flooded homes
and businesses, and resulted in the evacuation of several towns.
Boulder County and fourteen surrounding counties were declared
federal disaster areas. Statewide, 1,852 homes and 203 commer-
cial structures were destroyed and more than 18,000 people were
evacuated (Colorado Division of Homeland Security and Emergency
Management).4

Initial analysis estimates that the total cost of the disaster exceeded
US$2 billion, including $430 million to rebuild roads and bridges
and $760 million to repair public infrastructure. Much of the finan-
cial loss was borne by residents —only about 1% of homeowners in
the state possess flood insurance, despite the fact that the City of
Boulder is considered one of Colorado’s riskiest areas (City of
Boulder, 2014). The City of Boulder has fifteen major drainage ways,
and approximately 13% of the city is located within the regulatory
100-year floodplain, including nearly 2,600 individual structures.
Flash flood risk is exacerbated by the city’s downtown location,
positioned at the mouth of Boulder Creek canyon, and frequent
droughts and forest fires that seal off the soil, reducing its ability to
absorb water.

Yet in spite of the unprecedented scale of the event, only ten lives
were lost, most core infrastructure was maintained, and the
response and recovery have been strong, well-coordinated, and

Case Study 3.1 Figure 1 Floodwaters destroy a canyon road connecting the City of Boulder and mountain communities, September 2013.

Source: City of Boulder
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Case Study 3.1 Figure 2 Urban flooding extent within the City of Boulder
during the September 2013 flood.

Source: City of Boulder

effective (Colorado Division of Homeland Security; City of Boulder).
What made the area resilient to the devastation? Based on inter-
views, historical documents, and participant observation, this Case
Study demonstrates that actions in three major categories increased
resilience:

1. Physical systems

2. Human systems

3. Legal and cultural norms

PHYSICAL SYSTEMS

Plan for physical system failure: Virtually all physical systems will
eventually fail; designing them to fail in nondamaging ways is criti-
cal to resilience. Open space or transportation greenways bor- der
many of the creeks in Boulder County, providing recreational
opportunities and preserving ecosystem biodiversity. During floods,
these trails and paths “failed” in their primary roles, tak- ing on their
planned secondary role for floodwater conveyance. This allowed
space for creeks to overflow, entrain, and carry large debris and
scour and deposit sediments with little impact to built infrastructure
or people.

Additionally, the city has spent roughly US$45 million on flood risk
reduction projects since 1999 (City of Boulder), knowing that even-
tually even the best-mitigated creek will overflow. The city has pur-
chased and removed buildings in flood-prone areas and passed

building codes to prohibit new development in “high-hazard” flood
zones. Bridges have been raised to accommodate deluges of water
and debris. Automatic floodgates have been constructed around
buildings that sit creek-side. This planning paid off during the
floods, with floodwaters routed through Boulder City with relatively

minimal impact. Nonetheless, Boulder was also lucky to receive
significantly smaller flood peaks than many neighboring
communities.

Prevent failure of critical physical systems through redundancy:
Redundant systems, such as a backup diesel generator at the
Boulder Water Treatment Plant, can prevent the loss of critical
systems. However, main and backup systems must have different
sources of vulnerability. Although having multiple roads providing
access into the mountains appears redundant, in Boulder County,
six of the seven roads between the plains and the mountain com-
munities failed because they were at the bottoms of canyons next
to creeks and were washed away. Furthermore, as a result of the
loss of roads, it proved almost impossible to transport the die- sel
required to keep the backup generator at the Boulder Water
Treatment Plant in operation. This highlights the need to consider
the potential for cascading failures in assessing resilience and to
assure that backup and redundant systems do not have common
points of failure.

Build in diversity: Many of the physical systems that failed during
the flood would benefit from a more diverse, distributed, multi- ple-
small-solutions approach. For example, many homes outside the
floodplain suffered substantial damage from sewage upwelling in
basement drains. Although refurbishing the entire sewage system is
prohibitively expensive, there are opportunities to strengthen sys-
tem performance through lining sewer pipes and installing backflow
devices in individual households. Over the longer term, moving to a
distributed sewage treatment system or encouraging the develop-
ment and adoption of composting toilets could dramatically improve
resilience.

HUMAN SYSTEMS

Support individual capacity: Flood preparedness, response, and
recovery were strongest where individuals had access to basic
resources and were able to act with creativity to address the
problems at hand. For example, a network of civilian ham radio
operators became the backbone of the communications network
for many mountain communities. Many of the operators received
training following a previous wildfire in 2010. Similarly, the sewage
and potable water systems in the City of Boulder were maintained
primarily through the ingenuity and resourcefulness of staff that felt
free to take needed action without fear of reprisal. Utilities person-
nel were out in the middle of the night building a concrete cradle
around the main sewage pipe to the treatment plant where it had
become exposed along the river; their unorthodox solution kept the
pipe intact. Because the road to the water treatment plant was lost,
diesel for the water treatment plant backup generator was loaded
onto pickup trucks and the drivers told to find a way to the plant.
Local mountain residents provided information and sugges- tions,
and the drivers were able to create a route through fields and on
abandoned four-wheel drive roads.

Develop networks: Strong collaboration among county nonprof-
its, the faith community, and city governments dramatically aided
the initial response to the floods. Active community groups, orig-
inally developed for other purposes, rapidly came together to aid
victims.
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Maintain broad access to resources: Access to outside resources,
such as private-sector stores in the Denver Metro Area, the
national disaster clean-up industry, outside volunteer groups,
strong financial institutions, insurance, and other sources of out-
side financing all sped response and recovery. In places where
access has been limited, recovery has been slowed or halted. The
city and county were still seeing new aid cases arrive sixteen
months post-flood, for example from undocumented migrant
communities where fear of reprisal initially prevented households
from seeking aid.

Develop avenues for learning: Much of the resilience seen in flood
response and recovery resulted from modifications made to improve
upon less-resilient preparation and response to previous disasters.
The economic downturn in 2008 left many organizations in the non-
profit and faith communities scrambling for funds while they tried to
respond to increased demand. The networking developed to address
needs at that time strengthened the community as a whole and pro-
vided a strong foundation for rapid collaboration during recovery. A
large wildfire in the County in 2010 provided useful lessons for emer-
gency personnel, highlighting areas where better communications,
early warning techniques, resident capacity for preparedness and
response, and response and recovery coordination were needed.
The progress made in all of these areas was readily apparent during
the flood event.

The City of Boulder has made a point of learning, both from previous
flooding events in the region, such as the Big Thompson Canyon
flood of 1976 that killed 145 people in a neighboring county, as well
as through activities like extensive flood-zone mapping. A culture of
learning, at all levels of society, is critical to building and maintain-
ing resilience. Where learning is inhibited, such as due to threat of
litigation, it is critical to build in forums that foster cross-sectoral,
multilevel learning from the disaster event, the response, and the
recovery.

LEGAL AND CULTURAL NORMS

Adapt legal requirements to enable response and recovery: During
and following the flood, Boulder County cities, towns, and the
county as a whole modified many existing legal require- ments
around waste disposal, construction permits, and other flood-
related issues to enable rapid response and reduce the financial
burden on residents. However, laws about construction in
floodplains continue to delay reconstruction in many places
where creeks have moved. Where creeks moved, some residents
are no longer in floodplains and other residents have become
newly at risk. In both cases, the legal frameworks have not yet
been updated to reflect new realities, and, until they are, gov-
ernment staff cannot approve building permits. This is further
complicated by the challenges of understanding whether these

types of events are likely to become more frequent under climate
change, in which case flood plain maps need to be modified to
reflect new realities.

Promote a culture of collaborative self-help: Many citizens over-
estimated the assistance that government could provide in disas-
ters. The Boulder County mountain communities have learned this
lesson well. In response to the 2010 fires, the mountain commu-
nities established the fully volunteer Inter-Mountain Alliance. This
group provided core communications capacity and self-rescue
services for at least five days during and immediately following the
flood when most of the mountain communities were inacces- sible
to rescue workers. Boulder County as a whole is now look- ing at
ways to transfer these lessons to the plains communities and build
a stronger culture of neighborhood collaboration and self-help.

A collection of Boulder County volunteers have established BoCo
Strong, a county-wide resilience network whose first actions have
been to launch a local Voluntary Organizations Active in Disasters
group. The City of Boulder is similarly focusing on strengthening
social networks and is in the process of hiring a city neighborhood
coordinator tasked with outreach to and capacity-building of city
neighborhoods and communities.

CONCLUSION

Modern society is increasingly dependent on complex, rapidly evolv-

ing systems for survival:

» Ourfood and water comes from distant sources that are beyond
our control;

« Food, water, shelter, and livelihoods are often highly dependent
on power and transportation systems, which can lead to a
cascading failure of systems;

» In-person interactions increasingly involve transportation over
miles, and in times of crisis we often do not know the people
next door.

Climate change is likely to intensify rainfall, fire, and drought in
Boulder County. This makes the resilience of core systems, of peo-
ple and organizations, and of legal and cultural norms ever more
important.

The City and County of Boulder are in the process of building back
from the floods and, in doing so, are thinking about how to build back
better. However, they also recognize that infrastructure alone is insuf-
ficient. A core element of the building back is developing stronger
communities within the city and county across all sectors — individu-
als, aid organizations, government, private sector, faith groups —and
educating those communities about the actions they can take to be
more resilient.
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