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ABSTRACT

Rebuilding for Sustainability: Syntactical Analysis of Bolivar
Peninsula after Hurricane Ike. (December 2011)
Chamila Tharanga Subasinghe Arachchilage Don, B.Sc.; M.Sc.,
University of Moratuwa, Sri Lanka

Co-Chairs of Advisory Committee: Dr. Mark Clayton
Dr. Logan Wagner

Recurring extreme events of nature challenge disaster-prone settlements in
complex ways. Devastating property damages are one of the tests of survival for such
settlements in both economic and social terms. It also provides unique opportunities to
rethink the environment cleared by massive natural disasters. However, rebuilding for
long-term resiliency is one of the least investigated areas, particularly when employing
tacit knowledge in the sustainable recovery process.

This study examines the post-disaster rebuilding process in spatial terms for
Bolivar Peninsula in the aftermath of Hurricane Ike. It further investigates the nexus
between connectivity among open space networks to various levels of surge damage
among Bolivar spontaneous settlements. The study uses syntactical methods to measure
axial connectivity of the Bolivar Peninsula access grid and one-way Analysis of
Variance to interpret the way connectivity varies along the no damage to destroyed
damage scale. In addition, the permeability rubric analyzes the elevation characteristics

of houses that demonstrated higher probabilities of survival through a logistic regression.
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The conclusions are based on two basic premises. Local knowledge demands an
indefinite time to be adapted and mobilized because of the increasing intensity of natural
disasters. In addition, the high frequency of disaster events significantly challenges the
versatility of local coping and survival strategies.

The results reveal that the connectivity of the access grid has an inversely
proportional relationship with various damage levels, particularly for no damage and
destroyed. Furthermore, out of a number of resiliency characteristics listed in the
literature, only ground elevation and ground enclosure demonstrated probability
significances for survival. Potentially, the results of this research could support three
significant outcomes pertaining to sustainable disaster recovery: preserving place

character, social justice among affected groups, and promoting rapid recovery.
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CHAPTER1

INTRODUCTION AND BACKGROUND

There are two big forces at work, external and internal. We have very

little control over external forces such as tornadoes, earthquakes,

floods, disasters, illness, and pain. What really matters is the internal

force. How do I respond to those disasters? Over that, | have complete

control. (Buscaglia, 1983, p. 171).

This study examines the impact of natural hazards on self-built or locally built
settlements in areas where natural hazards are frequent events. The premise underlying
the study is that the settlements under investigation are sustainable by necessity in order
to survive various environmental attacks. The self-built or locally built settlements were
investigated for their inbuilt environmental responsive qualities. This chapter draws
generalizations from such settlements in the developing world as well as underdeveloped
or marginalized regions of the developed world. However, these settlements at extreme
opposite ends of the development spectrum have been subjected to the same socio-
economic and techno-environmental constraints. Therefore, they may provide a suitable
background for analyzing common factors pertaining to their built-in disaster resiliency.

This study theorizes that disaster recovery demands a critical look at how

extreme natural occurrences can be mitigated through knowledge that may be available

This dissertation follows the style of Journal of American Planning Association.



in the disaster-prone settlements themselves. Therefore, the study singles out stages of
pre- and post- disaster recovery of spontaneous settlements in Bolivar peninsula in order
to identify various means of disaster alleviation possibilities at each stage. A historical
account of Bolivar settlement development and urbanization as a port city, which
situates Bolivar Peninsula in the immediate context of Galveston Island and the wider

context of southeast Texas, will be presented in the final segment of this chapter.

Introduction

The sheer magnitude of catastrophic natural events has increased the awareness
of disaster response and vulnerability of settlements. A few such disasters, especially the
2004 Indian Ocean Tsunami and Hurricanes Katrina and Rita in 2005, raised the bar for
post disaster management, including rebuilding. Several communities affected by such
events have yet to be restored to their pre-disaster conditions, and some populations have
been permanently displaced. Because of the current financial environment and the rising
number of natural disasters, the funding formula for rebuilding often favors cutting costs
as much as possible. On the other hand, some communities have shown a remarkable
ability to recover from periodic or recurring disasters with minimum or no external help.
Many people living in hazard-prone areas have demonstrated specific knowledge and
skills that confirmed their ability not only to withstand extreme climatic conditions, but
also to bounce back to normalcy through rebuilding. Notably, this ability is strong for
indigenous communities living in spontaneous or vernacular settlements under

continuous threats from natural disasters.



Communities that are highly vulnerable to natural disasters usually recover
slowly, but communities that have developed less vulnerability to disasters often recover
and resume pre-disaster routines relatively fast. Therefore, this study addressed reducing
both vulnerability and recovery time for higher resiliency via sustainability against
natural disasters (see Figure. 1). It further proposes integration of local knowledge from
less vulnerable settlements to mitigate, prepare, and plan for the aftermath of natural
disasters with special regard to rebuilding homes. From its examination of a similar case,
this study found that hurricane-prone spontaneous settlements on Bolivar Peninsula
embody a certain compendium of planning and building practices that sustained a unique

set of built-characteristics through numerous hurricanes.

HIGH Vulnerability LOwW

sustainability Resiliency

SLOW Recovery SPEEDY

Figure 1. The process of lessening vulnerability and speeding recovery for sustainability: resiliency.

This study investigated a relationship between the physical connectivity among
Bolivar settlements and surge damage to houses from Hurricane Ike in 2008.

Uninterrupted escape routes and options connecting various parts of settlements within



(local streets) and outside (global streets) were identified as one of the contributors
dealing with surge permeability. For each house, the connectivity was averaged based on
the number of global and local streets that directly networked to form a permeability
measure. The mean connectivity was assessed against a five-fold damage scale: none,
minor, moderate, major, and destroyed. Statistical inference was employed to reveal if
one given variable had a significant effect on a second variable across any of the groups
under study, which would indicate that hurricane damage is differentially expressed in at
least one of the groups analyzed. In addition, scientific evidence supported the theory
that the structural elevation of houses above Base Flood Elevation was critical to surge
permeability. Therefore, the study examined elevation characteristics of survived houses
within five groups: ground orientation, ground elevation, ground enclosure, external
bracings, and external attachments. The analysis of a rubric formed from these group-
characteristics revealed that typologies or combinations of built-characteristics best
represent the architectural make-up of the surviving structures.

Because the study only took unobstructed routes of surge into account, its
reliability depends on the accurate representation of access grid of settlements being
analyzed. Property damage levels are categorical and damage assessment must be
consistent through pre-identified characteristics assigned to each damage level. Because
the survival data was binary (survived and destroyed), the estimation of survival
probabilities of houses was also based on precise estimation of each damage level. The
reliability of the five groups of structural elevation characteristics was high, because they

were extracted through existing research evidence. After an indefinite time, the rigor of



disaster data decreased and access to data increased. Part of the reason was because
homeowners took initiatives to repair their damaged homes to make them as habitable as
possible. This can seriously alter the rigor of the field data.

The study’s conclusions support generalizability over spontaneous settlements in
environmentally sensitive locales, especially for locations like barrier islands. However,
the general policy implications may have a broader application for rethinking
development and revisiting sustainability for any coastal development associated with
spontaneous settlements. Utility implications of general conclusions intend to distill
architectural make-up of surviving Bolivar houses into cohort of both physical and
functional characteristics. These characteristics may not be built typologies, but may be
representative of models of survived houses. On the other hand, this research study
emphasized the issue of reliability over validity. Because of the quantitative nature of the
syntactical method and the statistical analysis used in this study, it would be easy to use
large samples to provide clearer statistical significance in a follow-up study.

The findings of this study focus on three critical areas: first, on the need of
developing a system to evaluate spatial attributes of rural spontaneous settlements with
subtle urban characteristics. Second, the importance of assigning objective values to the
socio-cultural production of space and place. Third, in achieving sustainability, the
necessity of capitalizing on local disaster coping strategies that required to establish
long-term resiliency among vulnerable communities. Potentially, the outcomes of this
research can support three-fold significance pertaining to sustainable disaster recovery:

preserving place character, social justice among affected groups, and rapid recovery.



Sustainable rebuilding not only reestablishes pre-disaster socio-cultural and economic
systems, but also may preserve the character of settlements that is essential to regain the
unique community identity to face future disasters. Perhaps, the social justice is possible
via leveling of prevailing social disparities by accepting and integrating resiliency
characteristics that may present in unincorporated communities like Bolivar for positive
social change. The speedy recovery leading to the return to normalcy may achieve long-
term resiliency against recurring natural hazards. Therefore, one of the most critical
factors of post-disaster recovery, funding for speedy rebuilding process, is significantly
supported by manageable damage as well as easily replaceable and locally available

materials and skills.

Background

Since the 1960s, the number of reported natural disasters has increased
dramatically. The perceived increase in the rate of natural hazards could be a result of a
combination of instant and extensive reporting by mass media, state-of-the-art disaster
recording and measuring technology, and most importantly, occupation or over-
occupation of geological formations meant for natural hazard absorption. Does this mean
there more natural disasters are actually occurring, or simply that improved
communications mean more disasters are being reported? It is highly likely that part of
the increase is due to more events being reported, even relatively insignificant events.
However, the number of significant natural disasters such as floods also appears to have

increased. In addition, more people now live, work, and build in places considered as



hazard-prone. An improved global and comprehensive tracking network, especially for
earthquakes, climate change, and other factors such as topsoil erosion and deforestation

(in the case of floods), has also contributed to increased reporting of natural disasters

(see Figure 2).
MNumber of events
S Trends in number
ey of reported events
ool Al disasters

Much of the increase in the number of
hazardous avants reported is probably due
a50 4 to significant improvements in information
access and also to population growth, but
the number of floods and cyclones being
reported is still rising compared 1o
earthquakes. How, we must ask, is global
warming affecting the frequency of natural

hazards?
200 -
Earthquakes
versus climatic disasters
150
Floods
100 -
20 +
Earthquakes
o T T T 1
1900 1920 1940 1960 1980 2000 1380 1985 1990 1995 2000

Figure 2. Natural hazard occurrences have almost doubled in the last 20 years. Source: Centre for
Research on the Epidemiology of Disasters (CRED), 2009.

The Global Perspective

The increase in reported natural disasters is especially noticeable in coastal areas
because these areas are particularly vulnerable to floods, cyclones, hurricanes, and tidal
waves. These coastal belts have also experienced some of the greatest population growth

since the 1960s. Many of these same coastal areas have also experienced an increase in



development and construction, including some areas where development was previously
banned because of environmental concerns. These increases in population and
development have led to situations where naturally occurring hazards are more likely to
turn into natural disasters. Not only the rapid growth of world population drastically
alters the number of natural hazard occurrences, but also triggers development activities
in the areas where previously constructions were restricted due to their ecological
vitality. In addition, introduction of extremely environmentally sensitive technologies to
regions that are disaster-prone make them increasingly vulnerable to extreme natural
events. Rapid concentration of economic activity in large coastal cities and industrial
areas also increases the potential for catastrophes. Finally, the environmental changes
caused by man have already increased the danger of catastrophic natural disasters in
many locations around the world (Berz, Loster, Schimetschek, Schmieder, Siebert,
Smolka, & Wirtz, 2001).

The nature of any future developments in urban areas is such that often the only
land available for urban growth is in disaster-prone areas such as flood plains or steep
slopes with the potential for landslides. According to United Nations Environmental
Program (UNEP) statistics in Figure 1, this drastic increase in disasters raises vital
questions. For example, is the increase due to a significant improvement in access to
information? What part does population growth and infrastructure development play?

Finally, is climate change behind the increasing frequency of natural hazards?



Disaster Vulnerability in the United States

Domestically, natural disasters are a sustainable development issue;
internationally, they threaten global security. H.W. Hooke, director of the US Weather
Research program, emphasized the critical nature of the current global disaster
vulnerability status. He stated that “while disaster losses are expected to vary
considerably from year to year, it is also expected that they generally will continue to
increase, even as a fraction of the gross national product (GNP), at least in the short run”
(Hooke, 1997, para. 1).

As shown in Figure 3, the global picture is also somewhat representative of
natural hazard occurrences and damage estimations in the United States. On average,
natural hazards in the US result in direct annual losses (crops and property) in excess of
$7.6 billion. Moreover, this estimate does not include insured loss payments to
individuals and businesses, disaster payments to individuals, businesses, or local
governments, or indirect losses such as lost wages, business downtime, or environmental
damage. Similar to global statistics, losses from natural hazards in the United Sates have
increased drastically since 1960. The decadal annual mean loss has also steadily
increased since the 1960s, peaking at $14.4 billion in the 1990s. Even considering data
for just the first four years from the present decade, it appears that the nation is on track
to surpass the 1990s average annual loss (see Figure 3). In addition to being the most
costly decade for natural hazards in United States history, the 1990s were the most
deadly, with more than 5200 fatalities attributed to natural hazard events (Cutter &

Emrich, 2005).
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Figure 3. Total property and crop losses, 1960-2003 (adjusted to 2004$), mapped by quartiles. Source:
Spatial Hazard Events and Losses Database for the United States (SHELDUS), 2011.

Both governmental and nongovernmental organizations have expressed concerns
over financing recovery projects during the current economic downturn. It is well known
that the main benefactors of disaster recovery, including the United States, are in a major
recession; therefore, it is obvious that-allocations available to finance disaster recovery
have become much tighter (Baily & Elliot, 2009).

One may argue that these occasional peak periods of disaster losses are due to
singular large events, such as hurricanes or earthquakes. However, such singular events
alone cannot provide a holistic understanding of the drastic increase in losses due to

natural hazards. The statistics shown in Figure 4 provide evidence of higher dollar losses
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from weather-related events versus less dollar losses from other general hazards. One
explanation for this difference in loss amounts is a higher frequency of weather-related
disaster events. By comparison, occurrences of other geophysical events are relatively
infrequent and the resulting damage losses are significantly less than weather-related
losses. In certain types of weather events, losses have actually been reduced; this may

due to advancements in detection, warning systems, and mitigation such as flood-
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Figure 4. Natural hazards losses from 1960-2003 based on the spatial hazard events and losses. Source:
SHELDUS, 2011.
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proofing, hurricane shutters, and tornado safe rooms (Cutter & Emrich, 2005). It is not
difficult to conclude that increased disaster losses occur because more people and
property are now located in disaster-prone areas. While hazard events fluctuate
exponentially, our understanding of them also improves. However, the frequency of
these events remains relatively constant (Board on Natural Disasters, 1999; Van der
Wink, Allen, Chapin, Crooks, Fraley, Krantz, Lavigne, & LeCuyer, 1998).

More and more areas of the United States are becoming increasingly vulnerable
to disasters. In addition, people continue to live and build in areas that should be
reserved as disaster absorption zones including barrier islands, marshes, low-lying and
water-lodging areas, and mangroves (Kesavan & Swamminathan, 2006). Furthermore,
losses from uninsured property damage are on the rise because of the high cost of
property insurance in these areas (see Figure 5).

The dichotomy between rebuilding after each periodic disaster and the funding
agencies that are compelled to support cyclical rebuilding efforts provides an appropriate
model for sustainability recovery. The World Bank, one of the major funding agencies in
reconstruction, reported that two of the ten most frequent negative outcomes of World
Bank disaster projects are “subsequent disaster lessened the project impact” and

“research component not undertaken/implemented” (Independent Evaluation Group

(IEG 2005, p. 7) (shown in Figure 6).
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Figure 5. Increase of damage to uninsured properties. Source: Hooke, 1997.

1 O Most Frequent Negative Outcomes of World Bank Disaster Projects
1. Subsequent disaster lessened the project’s impact 73
2. Unsuccessful mitigation activities 32
3. Infrastructure reconstruction was not completed / not successful 28
4. Problems with procurement had a negative impact 27
5. Lack of maintenance lessened the project’s impact 22
6. Shortfall in counterpart funding 22
7. Conceptual failure during design 19
8. Objectives not attained due to reallocation 18
9. Research component not undertaken / not implemented 17
10. Problems with distribution of resources, goods, or services 13

Figure 6. Ten most frequent negative outcomes of World Bank disaster projects. Note: Facts related to
post disaster rebuilding highlighted. Source: IEG, 2005.
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Sustainability and Disaster Vulnerability

In order to be cost-effective, hazard reduction requires a diverse, interconnected
range of actions, including: (a) comprehensive hazard identification and risk assessment;
(b) wiser land use; (c) improved structural design; (d) improved building codes and
practices; (e) greater public awareness, education, and training; (f) improved predictions
and emergency response; and (g) more effective relief and recovery (Hooke, 1997).
Even though the magnitude and frequency of disasters have increased drastically over
the last twenty years, the capital expenditures for disaster reconstruction have decreased
for several reasons, especially because of recessions in major donor countries (see Figure

7).
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Figure 7. Increase of damages from natural hazards. Source: IEG, 2005.
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Sustainable disaster recovery challenges any community, including spontaneous
settlements. Apparently, recovery is more difficult for self-generated settlements such as
spontaneous settlements because most of them do not fully confirm to land use patterns
accepted by federal and state authorities. Spontaneous settlements, like any other human
settlements are formed and shaped in the sense that purposeful changes are made to the
physical environments through a series of choices among the alternatives available
(Patton, 1988). Most importantly, rebuilding of spontaneous or vernacular settlements as
a part of long-term hurricane recovery is among the least explored phases of disaster.
Identifying the root causes of physical damage as well as disaster resiliency
characteristics is pertinent to the reduction of future recovery complications.

Accomplishing sustainability has become an essential part of any study that deals
with resource management, whether concerns business, economic, tourism, cultural, or
disaster recovery. Even though the notion of sustainability is multifaceted, it
fundamentally recognizes three vital notions such as environment, economy, and
community. These must be considered as a whole in any reconstruction and recovery
effort and none of the efforts should be compromised (Al-Nammari, 2006; Berke &
Beatley, 1997; Daher, 2000; Giddings, 2000; Hardy & Beeton, 2001; Lefevre, 2000;
Mileti, 1999; NHRAIC, 2001; Rothrock, 2000).

The 1987 Brundtland Commission report, Our Common Future, defines
sustainable development as:

... development that meets the needs of the present without compromising the

ability of future generations to meet their own needs. It contains within it two key
concepts:
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e the concept of 'needs', in particular the essential needs of the world's poor,
to which overriding priority should be given; and

e the idea of limitations imposed by the state of technology and social
organization on the environment's ability to meet present and future needs
(p. 43).

A working definition of sustainability is essential to establish a connection
between disaster recovery and reconstruction. Many argue that the idea of sustainability
was unfamiliar to our ancestors simply because it was simply their life style and they did
not know any other way to live their lives rather than being sustainable. Therefore, they
did not look for a definition of the term. Sustainability was simply the responsible use

and development of materials and skills. Figure 8 illustrates the socio-economic

counterparts of environmental sustainability.
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Figure 8. Socio-environmentally bearable, socio-economically equitable, and environment-economically
viable systems provide resilience against natural hazards over time. Source: Munasinghe, 1994.
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Because it is multifaceted, sustainability calls for social, environmental, and
cultural completeness. The social facet calls for social equity, justice, and equilibrium in
distribution of resources, while the environmental facet calls for sound strategies that
avoid depletion of environmental resources. The cultural facet includes maintaining
cultural resources for future generations and reducing losses due to carelessness,
damage, or disasters (Giddings, Hopwood, & O’Brien, 2002). Moreover, sustainability
provides a framework for understanding disaster recovery and reconstruction, as well as
providing a common ground for understanding the disaster resiliency of vernacular
settlements, reconstruction after disasters, and long-term and short-term recovery.

The post-disaster period demonstrates four main phases of recovery. These
include the emergency period (response), the restoration period (short-term recovery),
the reconstruction one period (long-term recovery), and the reconstruction two period
(commemorative) (Berke & Beatley, 1997; Haas, Kates, & Bowden, 1978 However, for
the purpose of this research study, the reconstruction phase is referred to as the time
needed to repair a dwelling or a settlement after a hurricane. Disaster recovery and
rebuilding take place in a sequence of four overlapping periods: emergency, restoration,
reconstruction to pre-disaster levels, and betterment reconstruction, which may entail

improving infrastructure and civic spaces (Kates, Colten, Laska, & Leatherman, 2006).

Approaches to Post Disaster Sustainability
In order to comprehend the key approaches or frameworks, and the principles

and indicators guiding the development of post-disaster sustainability, it is extremely
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critical to find where disaster resiliency sits in the domain of sustainability for
spontaneous settlements. Because spontaneous or vernacular architecture by definition
characterizes the appropriate shelter form for a particular place, vernacular settlements
have evolved to withstand drastic local climatic conditions. In most situations, these
settlements require minimal repair under locally available expertise; these repairs after
periodic disasters complete maintenance as well as further strengthening procedures for
vernacular settlements (Oliver, 1998.)

By nature, extreme events like disasters have the ability to change and confuse
socio-cultural, economic, and political indicators. The boundaries between these
indictors become blurred, which allows a more holistic approach to analyzing
circumstances and situations that provide insight to understand disaster housing in terms
of sustainability. However, the present approach to post-disaster housing does not
respond properly to the interrelated problems of speed, time, economy, and no response
or under-response. Whenever one of these problems is addressed alone, it contributes to
an increase in the severity of the other problems (Ehrenkrantz, 1989).

According to Mileti (1999), communities that want to become more sustainable
will follow these key principles:

a. Maintain and, if possible, enhance, its residents’ quality of life.

b. Enhance local economic vitality.

c. Ensure social and intergenerational equity.

d. Maintain and, if possible, enhance, environmental quality.

e. Incorporate disaster resilience and mitigation.
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f.  Use a consensus-building, participatory process when making decisions.

In order to survive disasters, to maintain their special character (vernacular or
indigenous quality), and continue to be habitable places for their members, communities
require mechanisms in place to develop resiliency against periodic natural disasters.
Obviously, completely preventing natural disasters is impossible, but a community can
certainly develop plans to keep physical damages to a minimum and reduce interruptions
to productivity. Such actions ensure that quality of life is maintained and that the
situation returns to normal as fast as possible. Sustainable communities accept disasters
as an integral part of the larger environments in which they exist and are willing to
assume responsibility for disaster recovery without completely relying on governmental
and non-governmental organizations (NGO) assistance.

Many theoretical points of view acknowledge the fact that developing regions of
the world, including Latin America and the Caribbean, are unique in their disaster
recovery process due to the application of generational labor-intensive and skill-based
housing methods. These views agreed that the empowerment of disaster resiliency in
such settlements is a key principle of sustainability for disaster housing (Dudley, 1992;
Havlick, 1986; Rawal & Desai, 1994; Miculax & Schram, 1998; Schilderman, 1993).
The resiliency empowerment of such communities involve a framework that includes:
(a) identifying the nature and magnitude of the disaster, (b) determining the scope, size,
and scale of the sustainable housing program in order to allocate financial and emotional

assistance, and (c) determining the complexity of individual and household needs. In the
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event of a disaster, both individuals and households tend to miss not only more and more
of their unique choices, but also the circumstances under which they made those choices.

Accommodating the broad range of such needs is central to any sustainable
housing solution. These needs include:

a. Community or Regional Characteristics -- The notion that one size does not fit all
is particularly valid in traumatic events like natural disasters. The types, nature,
and location of housing need to be tailored to fit the local characteristics of
community.

b. Available Housing Options -- Disaster housing needs to accommodate a
sufficient amount of housing options that reflect the local living pattern or be
easily adaptable for local lifestyles without major changes needing to be made.
Once the framework is established, specific guidelines should be followed to

affirm that shelter operations are primarily a local responsibility and rely on resources
within communities. Disaster housing operations should be conducted primarily on a
local level. Apparently, most of the Sustainable housing solutions revolve around means
and end levels of the local players. The residents of these communities need to come
together to integrate a wide array of services and capabilities in order to meet the needs
of disaster victims. It is this strong sense of community and a commitment to others that
rallies the local support required to deliver these essential services during a disaster.
Housing operations can appear deceptively simple, but are extraordinary
complex. The complexity of demands and the nature of disaster housing options require

careful planning to meet human needs. On the surface, providing shelter can appear to be
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as simple as repairing damaged houses or locating a suitable site and erecting shelters for
disaster victims. However, in addition to considering local lifestyle requirements, it is
also important to provide shelter for people with special needs, service animals, and
household pets. Shelter operations require sophisticated design and planning from a wide
range of organizations in order to meet urgent needs quickly. To be effective, housing
operations require careful coordination between local officers and NGOs. These parties
can anticipate housing requirements based on the following factors: (a) the nature and
magnitude of the disaster, (b) the complexity of individual and household needs, (c)
community characteristics, and (d) available housing options.

Shelter operations for catastrophic event enter a new realm of designing,
planning, and implementation. Catastrophic events demand exceptional levels of
effective and timely planning and execution among community, state, and federal
officials. Such events can rapidly exceed local shelter capacity and require assistance
from the state and federal governments. It is essential to understand how shelter
requirements can expand in catastrophic circumstances.

In conclusion, for emerging, developing, or less developed countries, disaster
housing poses a unique set of challenges in terms of socio-cultural, economic, and
political sustainability that are taken for granted in more developed regions. However,
past events provide evidence that the core of any sustainable disaster-housing program
should follow certain criteria. Such criteria can ensure a basic level of post disaster
recovery, at least until the next disaster. These criteria include: (a) environmentally

sensitive construction material, (b) sustainability for long-term economic development,
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(c) socio-cultural compatibly to fit the life style of the community, and (d) political
vision to mitigate disaster vulnerability. These criteria cross a number of disciplinary
boundaries, but guarantee that communities are less vulnerable for future disasters.
However, generalizations about the recovery process are not appropriate for extreme
natural disaster events. Therefore, each strategy should encompass measures emerging
from the event itself. A holistic approach for supporting the economic development of a
developing nation would be to train locals in methods of using renewable,
environmentally-friendly agricultural byproducts as construction material that can be
used to rapidly assemble emergency or disaster housing for displaced victims of a
natural disaster (see Figure 9). Furthermore, if the same building materials could be
reused, transported, and reassembled to permanent housing, recovery time reduces

considerably.

Purpose of the Study

This study seeks to understand the role of sustainability in hurricane recovery of
spontaneous settlements in terms of disaster resiliency. The underlying fact is that any
phase of recovery from hurricanes presents numerous challenges in terms of rebuilding
infrastructures, homes, and businesses. It also opens a window of opportunity to
redevelop large land parcels cleared during the extreme natural disasters. In addition,
such processes provide many opportunities to rethink the built environment of damaged
communities that have been moved away from hazardous areas. Inadequate attention has

been paid to the sustainable recovery of evacuees who live in informal settlements of
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small dwellings under disaster vulnerable conditions. However, the existing body of
research reveals these types of settlements display certain disaster resiliency
characteristics against natural disasters such as earthquakes and landslides. The proposed
study attempts to ascertain whether these disaster-prone informal settlements provide
insight for planning and designing places that are more resilient, physically sound,
socially viable, environmentally sustainable, and less vulnerable to future disasters. The
study will focus particularly on the disaster resilient characteristics of vernacular

settlements in terms of sustainable post-disaster recovery.
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This study will also investigate the physical attributes of disaster-prone informal
settlements that enable fast and sustainable post-disaster recovery in the reconstruction
phase. It has been hypothesized that the tacit knowledge or traditional “know how,” used
to construct dwellings in disaster-prone informal settlements facilitates sustainable
recovery from natural disasters. Even though informal settlements’ resiliency against
earthquakes has been well established in the literature for, relatively little research exists
regarding the resiliency of vernacular or spontaneous settlements in the United States for
hurricanes. An urban-like spontaneous setting located within the territory of the
hurricane-prone Bolivar Peninsula of Galveston County was chosen to examine this
phenomenon. In the process, cluster patterns and their visual and physical connectivity
within settlements were investigated as pertinent factors for disaster resiliency (in terms
of sustainable recovery as a suitable case study of the disaster-resilient qualities needed

for sustainable recovery and speedy construction with minimum cost).

Hurricane-Prone Bolivar Peninsula

The existing knowledge on disaster recovery strongly emphasizes the need of
saving every possible dollar during tough economic times by adapting strategies leading
to the establishment of more resilient settlements with the potential to become more
resilient over time. Bolivar Peninsula, a 27-mile long barrier island located few miles
northeast of Galveston Island along the Gulf of Mexico, has always been a target
destination for hurricanes (see Figure 11). Apart from Hurricane Ike, Bolivar has been

subjected to numerous major hurricanes including Alicia in 1983, Jerry in 1989, and
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Allison in 2001 (see Figure 10). These hurricanes have averaged more than $15 billion
in damage to the Galveston Appraisal District. In the early hours of Sept. 13, 2008,
Hurricane Tke made landfall as a category two storm on this narrow strip of land. Its

infrastructure and the surrounding landscape were critically damaged (see Figure 12).
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Figure 11. Hurricane history of Bolivar Peninsula from 1900 to 2010. Source: Google Timeline Results,
2010.
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Figure 12. Radar reflectivity image of Hurricane Ike as the eye made landfall on Galveston county.
Source: Marshall, 2009.

According to the Institute for Business and Home Safety (2009), the size of the
cloud mass and the integrated kinetic energy of Ike were unprecedented and distinctively
different from any other hurricane in the Gulf of Mexico observed to date by modern
science. The impact of Ike on the Texas Coast, particularly in Bolivar Peninsula,
provided ample opportunities for first hand experiences on the performance of building
materials, construction methods, and techniques used for reconstruction purposes, as
well as for planning and constructing sustainable new settlements. In addition, the
magnitude of this event pointed out the need to recognize meticulous and hidden spatial
issues such as connectivity, permeability, and integration as potential partakers of

sustainable recovery.
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Why Bolivar?

The ultimate challenge will be to rebuild dwellings that are less vulnerable to
natural disasters and easily repairable with minimum cost. Therefore, the proven
building traditions of settlements on the Bolivar Peninsula located along the hurricane-
prone Gulf of Mexico have been selected. On the other hand, the establishment and
growth patterns of the port city-Bolivar peninsula provide glimpses to typical coastal
developments of spontaneous settlements along the Gulf of Mexico. The Peninsula was
named after Simén Bolivar (1783—1830), a South American hero. Because it was only
few miles away from the mainland and the already settled Galveston Island, people went
back and forth between the mainland, Galveston, and across Bolivar. The area was
particularly important when Antonio Lopez de Santa Anna attempted his conquest of
Texas in February 1836 (Griffin, 1931). Before that, in 1816, the peninsula served as a
“highway” for the overland slave trade between Galveston and Louisiana. However, the
first permanent settler on the peninsula was Samuel D. Parr, who arrived in 1838 and
settled in area beginning at Bolivar Point and extending five miles eastward. By 1850,
fifteen families lived between Bolivar Point and High Island, and by 1885 the population
of Bolivar Peninsula had grown to 500 (Daniels, 2010).

Even though Bolivar Peninsula shows many unique patterns of development with
regard to human habitation, it also shares a common thread with the building traditions
of East Texas. In addition, it is widely accepted that East Texas offers many
opportunities to investigate the development of regional building habits. Moreover, this

region also exhibits a unique architectural style with a large number of buildings. The
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majority of the houses that survived hurricane Ike belong to a domestic category that

demonstrates interesting architectural vocabulary.

Typology and Development of East Texas Houses

East Texas includes 25 counties and stands out among the other regions of Texas
because it was the birthplace of an urbane style of building known as the “East Texas
House.” East Texas is a roughly triangular area demarcated by Louisiana on the eastern
border, the Trinity River to the west, and a line passing just north of the cities of
Jefferson and Tyler. According to Evans (1952), this region has more geographical
commonalities with Louisiana and the Deep South than with the rest of Texas. One of
the most important features of this region is its “piney woods,” which is a prime source
of building materials. This environmentally responsive material was well manipulated in
the structural forms of East Texas houses. Its abundance has been a strong influence on
the building traditions of East Texas. The warm and damp summers of this region has
also had a positive impact on these traditions. Another influence on rural building
designs and constructions was the “Texas Norther,” a type of cold front known for its
rapid southerly movement. East Texas has been successful in creating a house type that
is easily ventilated, warm in winter, and cool in summer, as a response to sudden
variations in the regional climate (Evans, 1952). Currently, the population groups that
control the architectural style of this region are Anglo-Saxon, Protestant, and American-
born; however, there were also several Spanish family homes and Spanish mission

establishments built in the colonial revival style (Blake, 1939).
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The first American settlers who followed Stephen F. Austin to Texas colonized a
significant part of East Texas. They came mainly in two groups from what was
recognized as the old south. A visible distinction can be identified in the architectural
practice between the people who came from the Kentucky and Tennessee hills and
groups from further south in Georgia, Mississippi, and Alabama. The first group was
larger and typically used a simple wooded country style of building. The second group,
mainly plantation owners, preferred grander homes predominantly promoting the Greek
revival tradition. According to many scholars, two distinctive types of houses represent
the building practices of these early settlers. What was recognized as the “East Texas
House” was credited to the Tennessee and Kentucky groups in the north part of East

Texas, as shown in Figure 13.

Figure 13. House inspired by Tennessee and Kentucky styles: Elliot-Robinson house (C. 1880), Center
Road, Nacogdoches County. Source: Evans, 1952.
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The “Louisiana House” type was developed simultaneously among the houses
built by the former residents of the Deep South, as shown in Figure 14. These houses
were unique in many ways, especially in the adaptation of classical and Greek Revival
features from prominent-urban landmarks to rural, but contemporary domestic
structures. In contrast, the East Texas type followed a different development process
similar to houses in Kentucky and Tennessee (Barker, 1969). The skillful artisanship of
these constructions can be explained by the scarcity of power machinery during the early
settlement of the area. The survival of manual cutting and dressing of lumber in some
areas until the present day is a proof this phenomenon. Evans (1953) stated that the
“beautiful exterior and interior detail were the result of the carpenter's tools, skill, and

taste” (p. 3).

Figure 14. Louisiana type house: Garrett house (C. 1850), Parker-Dorsey house, San Augustine. Source:
Evans, 1952.
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East Texas settlements were characterized by small-widely spaced cities. The
road network of early settlements responded to houses rather than houses to the roads.
Therefore, in the majority of cases houses faced roads. Despite its many positive
geographical characteristics, the region did not attract many new settlers until the oil
boom in 1900. According to historians, the remoteness of East Texas and the relatively
undisturbed and less sophisticated lifestyle were also important in developing and
making the East Texas House outstanding among other types of houses developed at the
same time. In addition, the overall climate, including summer, did not demand extra
effort in planning and constructing these houses. Comparatively large distances between
settlements were characteristic and the late arrival of railroads in the area did not
dramatically alter the phase (Reed, 1981).

The East Texas House in its generic form was rural in design and completely
built out of wood, including its foundations and chimney (see Figures 15, 16). Quite
interestingly, many houses built between 1820 and 1890 still remain in their original
primary form. These houses were planned for convenience, and the simple, sound, and
straightforward constructions were reflections of the East Texas life style. They were
elevated on wooden pillars, some moderately high, a few low, and accommodated an air
space underneath the house. They were well fitted to the land sites, and good ventilation

was essential to the design.
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Figure 15. Raised wooden foundations of old Doctor Birdwell House (c. 1840), Mount Enterprise, Rusk
County. Source: Evans, 1952.

A central hallway that was accessible via a front porch divided the typical house
layout into two equal sections (shown in Figure 17). Many identified the “hall” as a
“dog-run” or “breeze-way.” It was common to find a room that opened directly onto the
front porch. Single-room houses were another popular design among settlers. Another
typical feature to these houses was the orientation of the ridgepole; it often ran parallel to
the road and in most cases fairly near it. As seen from the road, the chimney was usually
located on the left portion of the house, while the “hall” and “room-across-the-hall” took

the right.
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Figure 16. Forest Hill (1847), Mrs. Carl Yowell residence near Alto, Cherokee County (top), and Tucker
House (c. 1840), Mrs. Granberry Residence, near Chireno, Nacogdoches County (bottom). Source: Evans,
1952.
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Figure 17. Typical floor plan showing room arrangement and proportions of an East Texas house. Source:
Evans, 1952.
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The term “double house” represented the structures with all three basic units
(house, hall, and room-across-the-hall), which were constructed at one time. However, in
some cases, “double house” or “double log house” described the complete structure,
even though the elements were constructed at different periods. Some two-room houses
and two-room double houses did exist and some have survived to the present.

The only heating device in these houses was the chimney, which was often
constructed as a stick structure filled with dirt and finished with stucco. The inherent fire
hazards associated with the construction materials forced builders to locate them four to

eight inches away from the house above the firebox. Some of these chimneys are still in
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use and are strongly representative of regional building habits. Interior chimneys were
not considered safe and fireplaces were used for cooking purposes as late as early 1900s.
Some precautions were taken for kitchens by having independent or set-aside
kitchens, which were separate structures from the main house. This not only minimized
fire risks, but also kept excess heat away from the main house during the summer. The
grouping of main house and kitchen was also aesthetically pleasing. After stoves became
essential cooking devices, kitchens were incorporated into the houses. However, a few

still exist as separate units, even to the present.

Galveston: Twin or Neighbor?

Although strictly urbane, the Galveston settlements are somewhat representative
of Bolivar Peninsula residential developments. The areas’ first settlers were Native
Americans, tribal Karankawas, who came from the area around the Rio Grande River in
the 19" century, 350 miles away from Galveston Island (Daniels, 2010). This group was
extinct by the time Texas became a republic (Cartwright, 1998). They did not erect
permanent shelters and moved inland in warmer weathers, moving around when food
supplies grew scarce.

Galveston has always been a victim of hurricanes, the most famous of which was
the hurricane of 1900. The 1818 hurricane that hit Galveston almost wiped out the entire
colony of Spanish pirates led by Jean Laffite. However, they managed to rebuild the
settlement using timber from more than half a dozen ef ships blown across the bay and

torn into pieces. According to McComb (1986), the most substantial building in the town
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of mostly crude huts was Laffite’s two-story frame house. The center of the Galveston
settlement was built by Spanish immigrants in the 16™ century, during the interim
government under David G. Burnet; most of these shelters were semi-permanent.
Saccarappa, the east end of the island, was occupied named by a few immigrants from
Maine. However, Michel B. Menard was the one who adopted the name Galveston and
laid out the harbor town in a gridiron fashion for land development purposes after the
Texas Revolution in 1835. According to another source it was John G. Groesbeck who
brought the gridiron model from Philadelphia to develop the city after Texans won their
independence in 1838 (Baker, 2011).

The typical timber framed houses of Galveston fueled the 1885 fire that
destroyed nearly a third of the city, including 568 homes in 42 blocks, but the same
construction style was instrumental in quickly rebuilding the houses. Building and
rebuilding of houses became the biggest industry in the city. Although the builders in the
business area were instructed to reconstruct buildings using fireproof materials, people
took more freedom doing their homes. The porches of their Victorian style houses were
arranged to let gulf winds ventilate living areas, and intricate figures in black, white, red,
blue, orange, and pink were used for elaborately decorated house facades. However, they
were cautious to use fireproof tin, slate, and galvanized shingles to clad the gable and
mansard roofs of their houses (McComb, 1986). Initially, the roads were not paved at all.
Later, the city and property owners used “oyster hash” (crushed shells) to pave the roads
but this was not very successful. This solution as followed by many others, including

wooden blocks in a hot tar setting, bricks, concrete, asphalt, and concrete combination.
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The 1900 hurricane completely changed the physiology of Galveston by
destroying all segments of the city. The sheer magnitude of the destruction led to the
construction of a sea wall along the Gulf edge of the island, as well as using filling sand
and dredge materials to raise the grade of the island by eight feet (Mooty, 2005). This
was extremely difficult to do under stone structures such as churches and government
buildings, though it was less complicated underneath timber-framed buildings. The
nineteenth century residential architecture of Galveston is best represented by the late
Victorian architectural style. As much as two hundred blocks of residential streets
portray the late Victorian inspired residential architecture; this is more than any other
major city in Texas. Unlike other Texas cities, new constructions did not typically
replace old architecture in Galveston the way normal “progress” does in other cities
(Mooty, 2005).

Prominent Galveston architect Nicholas Clayton was commissioned to design
grand architectural pieces like churches, academic buildings, and even some residential
buildings like the Gresham House for wealthy clientele. Another architect, Alfred
Muller, primarily designed frame houses for middle class clientele; he is considered the
archetypical Galveston residential style. Although he was not as prolific as Clayton was,
Muller’s architecture was critical in shaping the bulk of the physical character of
Galveston neighborhoods. After Muller’s and Clayton’s retirement, no new architect
came forward to continue, refine, or change their expressive Italianate, Queen Anne, and

Richardson architectural styles (Scardino & Turner, 2000).
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Undoubtedly, fire and flood, two extreme disasters, have made Galveston’s built
fabric exotically Victorian. Once the booming oil industry took over the financial
momentum of Texas, Galveston did not see further architectural accomplishment as it
had when it was one of the main port cities of the North America. Therefore, shortly
after the close of the nineteenth century Galveston’s new construction and architectural
style consisted primarily of imitations of its former glory (McComb, Bixel, & Hurner,

2000).

Conclusions

The official approach to mitigation of disaster recovery among many
governments still revolves around scientific knowledge, typically paying more attention
to technological issues vs. socio-economic issues. The underlying assumption for such
beliefs is the notion that meticulously drafted planning regulations and building codes
can adequately address disaster issues. It is not difficult to find many developing regions
and underdeveloped regions of developed countries that have adapted such regulations
and codes for the exact same reasons. Many federal and local governments tend to
borrow planning and building codes from places where they are already in place rather
than hiring local experts to come up with their own codes. These prescription ordinances
hypothesize that structurally sound construction materials and standardized building
methods as the only means to battle extreme forces of nature. On the other hand, such
prescriptions do not provide any insight into affordability potentials or cost-effective

nature of extremely versatile local building methods of low-income groups that are
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highly conducive for sustainable post-disaster recovery process. Many difficulties,
including a lack of social and economic capacity, are evident in imposed regulations and
codes in informal settlements in developing countries, as well as unincorporated
settlements in developed countries. Considering that these settlements are occupied by
more than half of the global population, one cannot exclude them from disaster
mitigation and recovery scenario. On the other hand, many of these regulations and
codes demand a higher level of specialized expertise from professionals like architects,
engineers, contractors, and building control officers than most of the developing or
unincorporated areas. As confirmed by Ruskulis (2002), this often compromises safety
in terms of structural soundness of the constructions against natural disasters.

Communities need to be convinced of the positive impacts of planning
regulations and building codes and of their necessity in hazard mitigation. Forced
implementation of regulations and codes is a proven failure; people find creative ways to
circumvent them. In order to increase community acceptance, polices should not alienate
local planning, design and execution systems, but should complement them. Therefore,
except for policies that are optimal in a given context, overly ambitious rules may not
achieve the expected resiliency.

The accumulation of risks is part of the lives of disadvantaged groups; natural
hazards are just one part of these risks. It is a fact that such communities must make
choices between livelihood options for short-term existence and long-term resiliency
against recurrent disasters. In addition, the livelihood and lifestyle processes they

participate in, such as coastal fishing and recreation also increase their vulnerability. The
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notion that natural disasters are one manifestation of vulnerability is more significant
than ever. Furthermore, the role of humans in transforming vulnerabilities into mass
disasters should seriously take into account any strategies that focus on reducing their
impact. However, the majority of conventional approaches to disaster reduction react to
symptoms rather than to the underlying causes. Therefore, shifting the view toward
mitigation among policy makers and executors is vital. Those who expect to reduce the
effects of natural disasters need to understand the relationship between development and
disasters as well as cyclical effect of development on accelerated vulnerability.

Past natural disasters have provided ample evidence to support the idea that
financing pre-disaster mitigation is more economical as well as less stressful than relief
and reconstruction; this is based on the notion that mitigation is not a choice but a
necessary part of any developmental schema. Mitigation is more about wisdom of
expenditure of funding rather than the monetary value of funding allocation. Top-down
methods with heavy administrative structures often promote dependence instead of self-
reliance and may even contribute to increasing vulnerability under post-disaster
conditions. Because they are more case specific, site-based hazard reduction measures

often consume fewer resources.
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CHAPTER 11

LITERATURE REVIEW

In rough parallel to the principle that local knowledge is not perfect in all
respects, another caveat is that neither do all individuals or groups within a
given culture or community have perfect control over all local knowledge
(McCorkle, 1989, p. 6).

This chapter reviews literature related to sustainable recovery following natural
disasters, with a focus on environmental sustainability as one of the key contributors to
disaster resiliency. This discourse emphasizes redefining post-disaster recovery as a
collective choice that communities and external agencies make under pre-disaster
conditions before the occurrence of an extreme natural event. The chapter will also look
into the existing knowledge base pertaining to spatial aspects of disaster-prone
settlements that utilize local/traditional/indigenous knowledge or “know-how” as an
integral part of achieving sustainability in pre-disaster mitigation, during-disaster
management, and post-disaster reconstruction. Furthermore, appropriating community-
based knowledge for modern wisdom to face changing modes of recurring disasters and
the possibilities of introducing such wisdom to localities challenged by infrequent
disasters will be investigated. Next, real world examples will be examined in order to
demonstrate how different aspects of community-based expertise or “know-how” have
been developed and adapted to mitigate and withstand the aftermath of natural disasters

across different demographic segments. The final portion of the review focuses

exclusively on post- Hurricane Ike disaster evaluation and the possibility of adapting
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spatial analysis to reveal the built-in resiliency of Bolivar neighborhoods against
hurricanes. Because of the informal nature of settlements on Bolivar Peninsula, the cases
investigated for this study have crossed the boundaries of spontaneous to vernacular. The
term vernacular has been used as an alternative to the term spontaneous in several
segments of this study to identify methods of construction that use available local
resources and traditions to address local needs and circumstances. Vernacular
architecture tends to evolve over time to reflect the environmental, cultural, and
historical context in which it exists. It has often been dismissed as crude and unrefined,

but also has proponents who highlight its importance in current design.

Sustainable Post Disaster Recovery

Vulnerability is a direct manifestation of the dichotomy between risk and
hazards, and is best represented through Risk + Hazard = Vulnerability (Maskrey, 1989).
The literature related to sustainable recovery after natural disasters focuses primarily on
three dominant factors: environment, economy, and community as illustrated in Figure
18. According to Mary (2008), sustainable community development involves several key
principles, including “an increasing value of human life and lives of all species, fairness
and equality or economic and social justice, decision making that involves participation
and partnership, and respect for the ecological constraints on the environment.”
Reconstruction or rehabilitation after natural disasters demands a dynamic balance of
these factors. Too much emphasis on the social component may have an adverse effect

on environmental balance. Most importantly, these factors must be considered
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holistically in any reconstruction effort and should not be compromised for any reason
(Berke & Beatley, 1997; Mileti, 1999; Daher, 2000; Giddings, 2000; Lefevre, 2000;
Rothrock, 2000; Hardy & Beeton, 2001, NHRAIC, 2001). Because it is multifaceted,
sustainability calls for social, environmental, and cultural completeness in many ways.
While its social facet calls for social equity, justice, and equilibrium in distribution of
resources, its environmental facet calls for sound strategies that avoid environment and
resource depletion. At the same time, its cultural facet calls for maintaining cultural
resources for future generations and reducing losses due to carelessness, damage, or

disasters (Giddings, Hopwood, & O’Brien, 2002).

Healthy En Social Justice

Sustainable
Society

Figure 18. The road to environmental sustainability lies in the creation of local, self-reliant, community
economies. Source: Curtis, 2003.

Environmental Sustainability: The Architectural Call
Why inhabitants of disaster-prone settlements keep building certain type of
houses and maintain the same type of spatial organization in their settlements were the

driving questions for many studies that have analyzed environmental sustainability and
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building resiliency. Spontaneous settlements in the context of unincorporated
communities, including the ones in the many parts of the United States along the
Mexican border, and on Bolivar Peninsula show significantly low socio-economic states.
Commenting on such unincorporated settlements, many theoretical bases acknowledge
the fact that these regions are unique in their disaster recovery process due to praxis of
generational labor-intensive and skill-based building methods. These views capitalize on
disaster resiliency presented in such settlements as key to achieving sustainability in
disaster rehousing (Dudley, 1992; Havlick, 1986; Miculax & Schram, 1998; Rawal &
Desai, 1994; Schilderman, 1993). In addition to this, ample evidence exists to support
the argument that any approach that leads to building disaster resilient communities
should encompass a holistic understanding of potentially resilient properties inherent to

disaster-prone settlements (Boyle, n.d.; Cuny, 1983; Rawal & Desai, 1994).

Local Knowledge Approach to Sustainable Disaster Recovery

In this study, the broad category identified as local expertise refers to indigenous,
traditional, or local knowledge and generational expertise. The knowledge applied to
coping and recovering from natural disasters is an amalgamation of people’s own
present-day experience as well as generations of knowledge developed and accumulated
within the community and handed down from those who have survived disasters in the
past. Although mainstream scientific approaches to disaster mitigation have not been
kind to local expertise, many notable references on the importance of local, traditional,

or indigenous knowledge recognize innate versatility for their easy adaptability under
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adverse conditions. Cultural anthropology has been at the forefront of these
investigations, but recently an increasing number of disciplines including natural
resource management, environmental sciences, and human ecology have recognized the
value of indigenous knowledge.

Lewis (1982) summarized the sustainable approaches to post-disaster recovery as
‘‘a multidisciplinary, comprehensive, environmental and locally integrated approach by
indigenous authorities and organizations [that] will be more effective for disaster
mitigation than partial, sectorial, mono-disciplinary, policy separation by exogenous
agencies and government bodies” (p.13). Such approaches for disaster recovery has
shown a gradual shift from passive recipients to accepting that such populations are to
some extent capable of handling change (see Figure 19). Furthermore, this shift also
acknowledges the power of such communities to retain some control over their function
and structure while adapting to learning and developing new mechanisms for survival in
the aftermath of a disaster (Wisner, Blaikie, Cannon, & Davis, 2004). As opposed to
vulnerability, proneness, or susceptibility, terms such as ‘resilience’ and ‘coping
capacity’ are now employed to understand and approach the post-disaster recovery

Process.
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Figure 19. Resiliency values, mitigation, and planning for sustainability. Source: Godschalk, Kaiser, &
Berke, 1988.

Many disciplines, including social sciences, recognize the need of approaching
the disaster mitigation framework not only as a “hazard,” but also as an event that is
surrounded by numerous risks. This capitalizes on the approach to the question that asks
why people are vulnerable in the first place. This gradual move towards situating
disaster risk reduction in the problem area itself has progressed enormously in the last 20
years, especially for small island developing states (Poncelet, 1997; South Pacific
Applied Geo-Science Commission, 2004; Mercera, 2007).

Despite a general consensus to use indigenous knowledge to help disaster
mitigation, most researchers, decision makers and execution agents have not known how
to approach it from the sustainability end of the spectrum. However, indigenous disaster
risk reduction systems could, if appropriately modified and adapted and then further

complemented by appropriate Western strategies, form the basis of suitable, as well as
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sustainable, disaster risk reduction strategies. Indigenous systems are typically deep-
rooted within mundane activities and at times so subtle that the impact of such practices
gets little attention from outsiders, which may be one reason why these practices go
unnoticed in the mainstream literature (Johannes, 1978). In particular, the influence of
indigenous knowledge embodied in spontaneous settlements and their vulnerability to
natural hazards has not been rigorously investigated (Wisner et al., 2004). As noted by
Mackinson and Nottestad (1998), the failure to recognize the merits of and employ local
knowledge may have affected finding and allocating resources that could have been used
to collect applicable information.

It is apparent that the greatest barrier to holistic recovery is the unwillingness and
inability to use ‘nonscientists’ or ‘indigenous knowledge’ as data (Mercera, 2007).
While it is disappointing that such a wealth of information is often ignored or uncounted
in its entirety, this disregard may be due to the belief that only data collected in a
scientific fashion can satisfy the requirements of statistical analysis. On the other hand,
because the knowledge of rural or indigenous groups does not conform to the standard or
format expected, decision makers often find it difficult to deal with it (Mackinson &
Nottestad, 1998; Schmuck-Widmann, 2001). Many disaster relief schemes and programs
treat people as ‘clients’ in the disaster management processes. During such processes,
science and technology do things to and for these ‘clients,’ treating the affected groups
as passive recipients rather acknowledging them as active participants (Weichselgartner
& Obersteiner, 2002). Shah (2003) argued that well-known and well-understood

techniques must be utilized to make a direct impact on those living with various natural
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hazards. According to Mercera (2007), the primitive practices of a particular civilization
are based on numerous trials and errors that led to specific knowledge of how to deal
with disasters, but it may be unintelligible to another civilization. It was only during the
late 20th and early 21st centuries that the potential usefulness of indigenous knowledge
within development was recognized in the scientific paradigm (Gray & Morant, 2003;
Pfeifer, 1996; Sapre, 2000; Singhal, 2000). Recognition of this same potential has come
even more recently in emergency management and disaster risk reduction (Cronin,
Gaylord, Charley, Alloway, Wallez, & Esau, 2004; Wisner, 2004; Ellemor, 2005).
Mackinson and Nottestad (1998) also emphasized the need to acknowledge the
generational expertise of rural indigenous groups as a primary source of information by
leaving behind the biases of other scholars on their natural resource wealth and their own
impact upon this phenomenon.

Another aspect of this scenario is that large-scale, top-down, technologically-
driven reconstruction projects that typify post-disaster reconstruction usually engage
outside engineers and builders, introduce new and expensive construction technologies,
supplant both local knowledge and local labor, and do not necessarily reduce
vulnerability overall. Homes are often built without regard for their effects on the lives
and livelihoods of the people who will live in them. The nature and extent of
participation is frequently limited (Twigg, 2004). In these, and many similar but smaller
projects, the focus is on physical structures (houses) rather than on living and livelihoods
(homes). Nevertheless, numerous doubts do exist regarding the sustainability of current

post-disaster reconstruction strategies. From the perspective of building resiliency or



49

disaster mitigation, continually pouring money into projects that reconstruct the same
type structures repeatedly might be judged as a maladaptation (Klein, Nicholls &
Thomalla, 2003). In addition, recurring intense hurricanes may further threaten the
sustainability of the coast by aggravating beach erosion, which constitutes a vital
touristic resource (Buzinde, Manuel-Navarrete, Kerstetter, & Redclift, 2010).

Although often neglected, the abundant availability of cheap labor is crucial for
rapid recovery following a natural disaster. As reported by Dixon (1991), “almost
immediately [after Hurricane Gilbert in 1988], at least 5,000 construction laborers
descended upon the coast to work for $1.00 [US] an hour from dusk to dawn” (p. 4).
However, low wages may reduce the resiliency and adaptation capacities of workers’
households; the only coping strategy for these settlements is to keep rebuilding after
every hurricane. The adverse consequences can be observed almost immediately.
Confidence and trust in viable traditional construction approaches are undermined.
Because inhabitants are dissatisfied with the housing that results, and because
communities do not have an opportunity to be involved in making safer construction and
retrofitting a priority, the resulting structures can have unnecessary vulnerabilities
(Twigg, 2004). Neither safety nor sustainability is attained in many of these schemes
(Schilderman, 2004). The ‘myth of speed’ that affects most aid agencies must be resisted
(Anderson & Woodrow, 1998, p. 49).

Poverty has often been suggested as breeding fatalism concerning disasters. In
reality, when informed building choices are permitted, most people tend to incorporate

safety concerns (Maskrey, 1990). People who have homes built for them, without
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consultation, information, or choice, will naturally adopt a fatalistic view of the product,
including fatalistic views on safety. To overcome these challenges, shelter and other
buildings that serve communities must be viewed as processes and not just as products
(Davis, 1978; UNDRO, 1982).

A different point of view argues that local knowledge often appears to be
insufficient when dealing with infrequent disaster situations, as depicted in the case of
the Maharastra earthquake. Twigg and Bhatt (1988) asserted that people are more aware
of some natural hazards than others are. However, even if they are aware of the risks,
they often have hard choices to make in terms of choosing between immediate gains in,
for example, income or food security, and long-term protection against disasters
(Maskrey, 1989). In the majority of cases, local expertise is not always adequate to
address issues pertaining to infrequent disasters. In addition, a few authors agree that
people have developed better resiliency in dealing with some natural hazards than with
others, depending on the magnitude and frequency of the hazards and available external
support (Twigg, n.d.; Maskrey, 1990). People often have hard choices to make in terms
of choosing between immediate gains and long-term resiliency despite their awareness
of such risks. Marginalized communities often straggle to choose between income or
food security and long-term protection against disasters. Contrary to what many think,
the disadvantaged groups do not increase their risks on purpose, but in their battle for
survival they often have to accept a certain amount of risk; the alternative risk would be

going without food or income (Maskrey, 1989).



51

Modes of Resiliency
This section of the literature review is based on the recognition that indigenous
mitigation and coping mechanisms do exist, as seen in the following examples drawn
primarily from Small Island Developing States (SDIS). The main disaster mitigation
strategies can be grouped into several general categories for rural indigenous
communities. Of these, land use planning, building methods, and environmental
resilience deal directly with the spatial aspect of the mitigation spectrum (South Pacific

Applied Geo-Science Commission, 2004).

Land Use Planning

Hazard vulnerability often influences both locations of villages and types of
housing. In most situations, communities build their settlements on high ground to avoid
storm surges and floods, or in areas not prone to landslides. In volcanic locations, people
prefer areas that are least vulnerable to lava flow and where prevailing winds will not
deposit ash or acid rain on crops (South Pacific Applied Geo-Science Commission,
2004). However, this changed drastically during the 19th and 20th centuries because of
high anthropogenic demands such as overexploitation of natural resources and increased
populations. Inevitably, such phenomenon pushes people into more hazardous,
marginalized areas for habitation. In addition, increased exposure to environmental
hazards can also be another outcome of the insensitivity of land planners in terms of

their inability to foresee the value of indigenous knowledge (Mercera, 2007).
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Spennemann (1998) describes how settlement patterns of South Pacific Marshall
Island dwellers are generationally governed by environmental considerations such as
wind, wave action, and storm protection. However, this began to change during World
War II when settlements quickly shifted to different strategies than their traditional
wisdom. This happened because Japanese and U. S. troops selected areas for their
military bases based on security reasons and favorable lagoon conditions for large ships
and seaplanes. These military bases had densely populated residential units but unlike
the traditional settlements, they were exposed to the windward side of the atolls. This
exposed the settlements to both typhoons and high tides, resulting in severe damages.

A massive earthquake in 1993 caused severe damage in western India. Eight
years after the resettlements, a number of problems were observed in the rural villages,
mainly as a result of relocation (see Figure 20). This happened after agricultural land
was acquired from exisiting villagers, which displaced from their own land; a few of
them relocated far away from their agricultural lands. In addition, the spatial plans for
design of the new houses were totally different from their traditional way of living. A
“city like” developent was adopted with a wide street grid and row housing, leaving no
space for the activities of specially-skilled groups such as artisians. For these and other
reasons, the villagers returned to to their old villages to rebuild on ruins, using their
familiar techniques. The most crtical concern during this whole process was that none of
the “earhquake-resistant” features were adopted in the new reconstructions.Perhaps
underestimating the readily available local knowledge made the situation worse than it

was and rendered the information disemination and technology transfer meaningless.
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Figure 20. Layouts of earthquake prone traditional village (top) and relocated village (bottom) in West
India. Source: Boen & Jigyasu, 2005.
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Reporting on the relocation of two villages in Flores, Indonesia, following the
1992 earthquake, Boen and Jigyasu (2005) discussed a critical social issue that was a
direct result of the unique combination of the settlement’s location and house designs.
The reconstructed houses in Wuring, owned by local fishermen, were relocated 200
meters away from the shoreline in order to avoid damage from future tsunamis. The
location and housing options were decided primarily by local army officials, who were
completely opposed to the traditional pole-style housing of the fishermen. The new
houses were constructed in a military barracks style, which was very difference from the
traditional housing styles. A fish auction building and other public facilities were also
built. Despite the additional facilities, the villagers in Nangahure abandoned the new
settlements.

A similar situation occurred in one of the Babi Island villages when the villagers
from two communities were relocated to Nangahale on Flores Island. The villagers from
Babi Island were mainly fisher folk. Both communities were from the same village and
grew crops on the hillside as their main livelihood. Typically, their dwellings were
constructed on poles in order to protect the houses from flooding during high tide. The
relocation to Nangahale forced the villagers to change cropping patterns and at the same
time to live further away from the sea, which made up part of their livelihood. Religion
also played a part in the villagers abandoning the location, due to signification tension
between the two groups. Most of the native villagers from Babi Island were Muslims and

the local residents of Nangahale were Catholics.
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The vernacular architectural tradition of many countries, including Turkey,
features masonry work supported in a firmly braced wooden skeleton to provide a
certain degree of shock absorption during seismic occurrences. Giilhan (2007) examined
the locations selected for ancient settlements in Anatolia, Turkey, and found that that the
builders considered earthquake risk and their cities were located on sound, rocky ground.
It was this fact that helped minimize damage to the houses situated in the I’zmit urban

historic core (see Figure 21 and Figure 22).
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Figure 21. A comparison of earthquake damage between concrete and timber framed structures in Turkey.
Source: Giilhan, & Giiney, 2000.
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Figure 22. Timber framed ground floor of an undamaged building in Akcaalan, Turkey. Source: Giilhan,
2007.

Building Methods

According to Rapoport (1969), each culture has its own traditional type of house
conducive to its socio-physical context, which includes fitness to local environmental
conditions. One such example, the Samoan fale, is characterized by a high thatched roof
that provides cover against sun and rain, but no walls. This allows breezes to flow across
the open space, creating well-ventilated interiors. In contrast, the kanak in New
Caledonia has thick walls, no windows, and a fireplace inside to keep the house warm on
cold nights. In addition, the smoke from the fireplace helps keep out mosquitoes (Dahl,
1989). However, what is common to these traditional dwellings is their character, which

is regulated mainly by the occurrence and frequency of tropical cyclones. It has also
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been observed that indigenous communities in cyclone prone areas developed wind
resistant housing where caves were not sheltering option (South Pacific Applied Geo-
Science Commission, 2004). One such example is the traditional house of Fiji, the bure,
which is extremely resistant to strong winds. The bure consists of well-concealed strong
hardwood posts, a steep angled hipped roof, and secure bindings that holds it down
firmly. Throughout the 20™ century, modifications were introduced to these structures,
including nails and iron roofing. It was found that such alterations made the bure more
vulnerable to natural hazards (Campbell, 1984), which in turn increased the indigenous
Fijians’ vulnerability to recurring cyclones. Fortunately, some native communities have
been able to retain and sometimes further develop their indigenous knowledge
(Veitayaki, 2002). One such example is how the indigenous communities in Tikopia on
Solomon Island have managed to survive the strikes of severe storms; they strategically
changed their survival method by seeking shelter under overhanging rocks on higher
ground.

Schmuck and Widmann’s (2001) comparative study on indigenous and
engineering knowledge along the flood-prone Jamuna River in Bangladesh reported a
limited interaction between the engineers working on the river and the Char people
living on ‘chars’ or islands within the river. According to the study, the engineers were
unwilling to accept the applicability of the indigenous knowledge of the Char people.

In 1993, an earthquake devastated many parts of western India, especially rural
settlements characterized by vernacular housing (Boen & Jigyasu, 2005). This area does

not get frequent earthquakes, and a major part of the damage occurred because of the
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heavy mud roofs found on typical homes in the area. Boen and Jigyasu (2005) noted that
the engineers took advantage by advising people to use the external help they received
(materials and cash) to construct a new small room of high quality rather than using
them for repairs. This may be because it greatly reduced the workload. However, a
single room is hardly enough to accommodate an extended family, so many of the
villagers ended up returning to their former homes, which were unsound and posed
greater risks to them. In this case, because the major damage was related to the heavy
mud roofs found in the vernacular architecture, all local construction practices were
rejected by the “official expert egencies” as unsound. Because existing buildings were
considered “unsafe,” traditional techniques were replaced by modern technologies
during the massive reconstruction program for these relocated villages.

Mitchell (n.d.) discussed another case of local flood mitigation measures in
Madhya Pradesh in central India, which took place in 2006. Some of the coping
strategies found in the flood-prone houses in the city of Indore included the use of high
shelves or raised platforms for storage and placing electric connections up high on the
walls. Villagers also constructed platforms in their ceilings to keep valuables, food, and
mattresses above floodwaters. In addition to this, rather than screwing or nailing down
corrugated iron roofing sheets to the wooden framework of the roof, the villagers
weighed them down with stones. This ensured that that the corrugated iron sheets, the
most expensive part of their houses could be removed for future use if there was any risk

of'a house being washed away. Though simple, these adaptive measures significantly
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reduced the impact of disasters on the villagers’ livelihoods, thus making their new starts
less stressful economically.

It was reported by Schilderman (1993) that houses (known as quinchas) in Alto
Mayo, Peru, were built using local technology and were able to withstand earthquakes
better than some of the more recently built structures that used modern technologies (see

Figure 23).

Figure 23. Quincha house under construction in Alto Mayo, Peru. Source: Schilderman, 1993.

The quincha houses were simple pole and cane frame structures filled in with
earth and sometimes covered with plaster, all locally acquired materials. They were
originally introduced by immigrants from drier zones. Post-earthquake observations
proved that these quincha structures are relatively flexible during seismic actions.

Because the quincha is comparatively cheap and can be constructed with local materials
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and skills, it is easy to replicate and improve in other post-earthquake settlements.
Furthermore, the understanding that relatively cheap housing can be mass produced
using self-labor, local skills, and local materials was essential to the success of the
reconstruction project. In addition, local artisans needed only minimum training to
incorporate improvements into the design.

Cyclone-prone villages in the Philippines also have certain coping strategies, as
reported by Hall (1997). The roofs of the houses of these villagers have vertical and
horizontal poles in the framework that are held together by tongue-and-groove joints and
pegged together with bamboo wedges. However, it was noted that after many years of
weather exposure, the bamboo shrunk and the pegs became loose, which contributed to
an overall weakening of the house structure. This means that the villagers are constantly
repairing the roofs and hammering in the pegs in order to make them ready for the next
cyclone, which is an important and necessary job in the village. The village artisans are
an important part of this cyclic event, which in turn supports their livelihood. The level
of quality matters to the overall structural integrity, and the better the joints work
together, the better the chances of surviving cyclones. However, people in older houses
are not without their own survival strategies. Although these older houses become a bit
rickety, the residents have a simple method to brace their houses: external buttresses.
They erect these external supports using long, strong bamboo poles wedged under the

eaves and anchored firmly to the ground (see Figure 24).
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Figure 24. Use of bamboo poles to brace structures during storms in Philippines. Source: Schilderman,
2004.

Flood-prone settlements in many parts of the world provide examples of
resiliency by necessity. An article in the Asian Disaster Management News (Haider,
2005) reported on the United Nations Development Program (UNDP) and one of its re-
housing programs, stating that flood resistant construction methods of existing houses
was instrumental designing new houses after floods in Bangladesh in 2004. The new
construction employed existing simple and cost effective features, which included
stabilizing the earthen plinths with cement additive capping. This made them resistant to
erosion and the building concrete footing, locally known as kaatla, protects the bottom
of the bamboo poles by raising them above the plinth level and making structures long

lasting. The traditional methods of seasoning were enhanced; the bamboos used in these
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new dwellings were further treated with local sump oil, kerosene, and bitumen, thus
making them more durable.

Many parts of the world, especially developing regions, use beachfront
constructions that are light and are typically made of bamboo and thatch. This prevents
occupants from being hurt by a collapse of the house due to natural hazards. Therefore,
in 2005 the United Nations Educational, Scientific and Cultural Organization
(UNESCO) suggested that the use of such traditional construction ‘‘rules’” should be
part of village rehabilitation work. However, even though many key organizations such
as UNESCO have emphasized the need to learn from and incorporate indigenous
knowledge in restoring villages damaged by natural disasters, in practice very little of
this has been done (Méheux, Dominey-Howes, & Lloyd, 2007).

As Giilhan (2007) posits, timber lintel, braces, and nails used in traditional
Anatolian houses increased the earthquake resistance of the structures. Similar outcomes
were found in research conducted on traditional houses in Japan. Instead of metal ties,
screws, nails posts, and beams are connected with mortise and tenon joints in these
traditional houses. The Shinkabe technique uses bamboo trunks covered with mud
plaster as infill. In Okabe, an improvement to a traditional technique, the walls are clad
with timber boards and plaster, which is applied on metal laths. Another earthquake
resistant feature used in these houses is the heavy roofs covered with traditional Japanese
tiles or cement-based tiles/plates or with a metal covering (Takeyama, Hisda, & Ohsaki,

1960).
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Malhotra and Ritchie (1980) found that the flexibility of wooden structures was
increased when nails were used instead of metal clamps, screws, or joints. This leads one
to consider the preference of mortise and tenon joints for architectural elements such as
doors and windows in Anatolian houses, and the use of nails for the timber-framed
section, as a well thought-out choice. According to Giilhan (2007), the lath and plaster
technique (bag ‘dadi) incorporated into the timber-framed system further increased
structural resistance against lateral forces. In contrast, the use of stone, brick, or mud
brick as filling material was found to increase the damage to the buildings. In some
cases, it might even have caused the entire collapse of buildings during an earthquake
because these heavy materials carry higher self-weights and they are sometimes joined
with weak mortar. In future interventions, the use of lighter filling material such as
timber lathing could be important. It is not difficult to link such resiliency to earthquakes
to deep-seated traditions that are based on many years of experience.

Prior to introduction of mass distribution of petroleum in early 1900, people had
to live with what fuels were readily available and devise various methods in constructing
their houses so their homes would be compatible with the local climate. The emphasis
should be on understanding the passive and low energy characteristics of these
settlements in order to learn their spirit to overcome difficulties. The versatile designs of
such settlements are adapted to the respective regional climate conditions. Therefore, the
importance lies in using high-grade scientific advancements to devise eco-techniques

that will mimic these characteristics by (Kimura, 1994.)
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Environmental Resilience

Because the residents of most rural communities are heavily dependent upon the
environment for their livelihoods, it is natural that they develop a wealth of specific
knowledge to help them identify signs of impending trouble. Residents of the volcanic
islands, Ambae and Vanuatu, are sensitive to environmental signals that hint at potential
volcanic eruptions. These signals include pervasive gas smells, the death of trees,
unusual active bubbling within the lake surrounding the volcano, rumbling and booming
from the crater, and the rapid rotting of taro roots in the ground due to increased ground
temperatures (Cronin, Gaylord, et al., 2004a). This alertness to oncoming extreme
environmental situations has been instrumental in the survival of indigenous
populations; it ensures adequate time for the communities to prepare for the impending
hazard event (Rungamanee & Cruz, 2005).

The Indian Ocean Tsunami of 2004 provided an ideal example where scientists
were not as effective as certain communities were in warning of the event; a number of
indigenous groups survived due to their accumulated knowledge and sensitivity to
extreme changes in the environment. Their survival may even have depended on their in-
depth knowledge of the dynamics of natural disaster and physical environment
transactions. McAdoo, Dengler, Prasetya, and Titov (2006) reported that only seven
people were killed on Simeulue Island in Indonesia’s Aceh province during the tsunamis
of December 26, 2004 and March 28, 2005. This survival rate was strikingly significant
considering the absence of any warning system and its close proximity to the nucleus of

the earthquake; the northern end of the island was only 40km south of the earthquake’s
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epicenter. One explanation for the high survival rate was local oral histories, which
recounted a similar event in 1907. These traditions advised people to move uphill after
prolonged shaking of the ground, which helped save countless lives (McAdoo et al.,
2006). Similar incidents of survival attributed to oral histories have been documented in
the Andaman and Nicobar Islands (Bishop, Sanderson, Hansom, & Chaimanee, 2005;
Dybas, 2005). This strongly suggests that scientific disaster mitigation studies could
benefit from the study of indigenous environmental knowledge and incorporate such
wisdom into the risk reduction framework. Even with significant losses to their
population and livelihood, many indigenous groups managed to survive drastic
environmental changes, as well as develop resiliency over a time and adapt accordingly.
In the remote fishing villages of Andrapradesh, India, people throw nets weighted down
with stones over their thatch roofs to stabilize them against strong winds during
cyclones.

In a similar case of traditional knowledge being incorporated with scientific
knowledge for volcanic hazard management on Ambae Island, Cronin and Gaylord et al.
(2004) found that Vanuatu was somewhat successful in handling the aftermath of an
eruption. Because the community focused entirely on the hazard itself rather than the
underlying components of vulnerability, their success was due to using participatory
approaches to produce readily understood hazard maps and community volcanic
emergency plans. As previously mentioned, the Alto Mayo, Peru case established the
fact that most local building knowledge is held by artisans and builders within

communities. They understand the various disaster-resistant building technologies better
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and have ample experience with their performance in disasters. It further emphasizes the
importance of identifying such knowledge-bearers and making use of their expertise,
however imperfect or little, and adding to it. The skills base of these communities needs
to be retained and sustained in developments of new technologies; this is an important
component of mitigation, and the local artisans and builders are indispensable
contributors to that base.

Schilderman (2004) also found that the flood-prone kaatla houses of Bangladesh
were relatively cheap and affordable to maintain (see Figure 25). The use of local
materials and artisans was not only cost effective, but also had value as a demonstration,
which was evident because neighbors visited to observe the construction work. Part of
the success of these recovery programs was due to the employment of women in the
construction, which gave them a sense of ownership. However, Howell (2003) reported
that the possibility of employing coastal Bangladesh villagers’ traditional early warning

signals of cyclones has not been investigated extensively.

Figure 25. Raised platform flood prone house in Bangladesh. Source: Hufstader, 2008.
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Clear examples of traditional warning systems can be seen in the survival of
inhabitants of Tikopia Island, Solomon Islands following a tropical cyclone and the Sea
Gypsies in Yan Chiak, Myanmar following a 2004 tsunami (see Figure 26). The Sea
Gypsies credited their survival to heeding tales of monster waves created by the spirit of
the sea (Anderson-Berry et al., 2003; Dybas, 2005; Rungamanee & Cruz, 2005; Yates
and Anderson-Berry, 2004). Dybas (2005) reported that the spirit warned the gypsies
about the earthquake and the quick receding of the sea was the gypsies’ cue to run for
safe places uphill. In a study of the survival of the gypsies, UNESCO’s Regional
Advisor for Culture in Asia and the Pacific, Richard Engelhardt, commented on the
potential input from local knowledge in disaster management. He said, ‘‘The fact that
the sea gypsies survived, while many others did not, points to certain lessons to be
learned from traditional, indigenous knowledge” (Rungamanee & Cruz, 2005, p. 22).
However, when relocated, the new villages pushed sea gypsies away from beaches into

forests; their new housing had poor ventilation, zero visibility, and poor sanitation.

Figure 26. Before and after images of the 2004 tsunami that affected Moken villages. Source:
Rungamanee & Cruz, 2005.
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Berkes and Jolly (2001) provided a comprehensive description on successfully
developed coping mechanisms and adapted livelihood strategies for a Canadian
Inuvialuit people of a small indigenous group living in the western Arctic. In order to
manage climatic changes in their community, this group used past knowledge and
expertise gained from living in this harsh environment. The conclusions presented in
Ellemor’s 2005 study on indigenous communities in Australia suggested reconsidering
the use of existing emergency management methods. Other researchers have also
investigated the potential role of traditional knowledge and the effectiveness of
traditional coping strategies in post disaster rebuilding process (Cronin, Petterson,

Taylor, & Biliki, 2004; Howell, 2003; Jigyasu, 2002).

The Case of Bolivar Peninsula

Bolivar Peninsula, a 27-mile long barrier island, is located a few miles northeast
of Galveston, Texas. The Gulf of Mexico is on one side and Galveston Bay on the other,
demarcating distinctive boundaries. In the early hours of Sept. 13, 2008, Hurricane Ike
made landfall as a category 2 storm on this narrow strip of land. The island’s
infrastructure was critically damaged, including residential properties. Afterwards, the
Institute for Business and Home Safety (IBHS) reported that the size of Ike’s cloud mass
and its integrated kinetic energy was unprecedented and distinctively different from any
other hurricane in the Gulf of Mexico that modern science has observed to date (IBHS,
2009). The impact of Ike on the Texas Coast, particularly Bolivar Peninsula, provided

many opportunities to get first hand experiences with the performance of building



69

materials, construction techniques pertaining to design, and planning of residential
settlements (see Figure 27). Because the storm hit a number of highly populated areas
and pushed well inland with hurricane force winds, it is not surprising that Hurricane Ike
caused huge property losses. In fact, Ike ranks as the third costliest hurricane to make
landfall in the United States, behind Hurricane Andrew, which caused $23.8 billion
(2008 dollars) in insured losses in 1992, and Hurricane Katrina, which caused $45.3
billion (2008) dollars in insured losses in 2005. Property losses from Ike totaled an
estimated $12.5 billion across eight states; at least 115 deaths are linked directly to the
storm (United States Geological Survey, 2009). The photos shown in Figure 26
illustrated loss of houses, eroded dune face, and landward sand deposits. Damage caused
by Ike’s storm surge and wave action was extensive, especially on Bolivar Peninsula
where hundreds of homes were destroyed. The elevation of the first floor level above the
water level and the distance from shore were critical factors in determining whether
buildings survived the storm surge and wave action. Buildings with the best chance of
survival during this hurricane were at or above six meters above mean sea level.

The most comprehensive analysis and post-hurricane evaluation of the Bolivar
Peninsula come from two agencies and one individual: the American Society of Civil
Engineers (ASCE), the United States Corps of Army Engineers, and civil
engineer/meteorologist Timothy P. Marshall. Their 2009 report for the Institute for
Business and Home Safety (IBHS) focuses particularly on fortified homes that had been
built on the island. A team of 14 coastal scientists and engineers from ASCE

investigated the upper Texas coast within three weeks of the catastrophe.
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Figure 27. Before and after Ike images of one of the studied settlements on Bolivar Peninsula. Source:
Doran, Plant, Stockdon, Sallenger, & Serafin, 2009.

The investigation focused on properties in coastal areas in the vicinity of
Galveston and Bolivar Peninsula, including piers, marinas, coastal infrastructure, and
buildings; the damage to these ranged from minor to complete destruction, depending on
the location and elevation. According to the final report, Bolivar Peninsula, which was in

the northeast quadrant of the hurricane’s path, experienced the most severe damage and
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three communities were almost completely destroyed. One of the most important
conclusions from the analysis was that elevation was a key determinant for building
survival as well as a major factor for the stability and effectiveness of shore protection.
The report also concluded that with some exceptions, much of the public infrastructure
was still in usable condition following the hurricane (Ewing, Work, Rogers, Kaihatu,
Waters, Dean, Wiggins, Stauble, Edge, Loeffler, Overton, Suzuki, Garrett, & Gregory,
2009).

Another study by the U.S. Army Corps of Engineers emphasized that “out of the
box” strategies similar to the ones taken after the 1900 storm are needed to develop a
sustainable protection plan for the coast and future development in the coastal areas
(Tirpak, 2009). The report focused on redevelopment and reconstruction, and suggested
moving forward with measures that reduce the amount of storm damage to the coastal
communities. These measures include using reinforced construction methods and
materials, improving the overall design of residential areas, and building economical and
environmentally sustainable structural coastal barriers. Tirpak also emphasized that all
the report’s recommendations should be carefully evaluated and that a coordinated effort
among local, state, and federal agencies is needed to prepare the region for the next
major hurricane.

Reporting on observations made during Hurricane Ike, Marshall (2009)
explained that items most susceptible to wind damage (carports, porch overhangs, and
roof coverings) were affected first. However, while laminated asphalt shingles and metal

roofing outperformed three-tab shingles, exterior insulation finish systems (EIFS) and
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vinyl siding were also damaged. According to Marshall’s report, wood-framed
residences elevated on timber pilings are the most common type of buildings on Bolivar
Peninsula and west Galveston Island. In most cases, elevated floor platforms vary from
two to four meters above grade, or four to six meters above mean sea level. Many houses
were victims of both storm surge and wave action and proximity to shore and height of
elevation played major roles in their vulnerability. Those properties at the lowest
elevations and closest to shore were most likely damaged or destroyed by storm surge
and wave action. Marshall (2009) also identified increasing degrees of damage to
building foundations. First, wave action caused removal of sand from around the bases
of pilings and from beneath concrete slabs on grade. This caused partially or completely
suspended concrete slabs that were exposed between the pilings. Due to the increased
wave action, these concrete slabs were broken in to pieces. Ultimately, the pilings failed
because of continuous removal of sand from their bases. Pilings with shallow depth were
quickly undermined by the wave action.

Irrespective of the wave zone, damage to elevated floors increased when the
waves reached floor level. First, the wave action managed to rotate or remove blocking
between the floor joists. This was followed by uplifting and dismantling of the floor
covering as fasteners were incrementally withdrawn from the covering. In some cases,
higher waves not only uprooted and removed floor joists, but also pushed them towards
the landward sides of the houses. Laterally stacked floor joists along the landward sides
of the houses were a common scene during post-Ike inspections. Once the critical floor

structures became unsettled, it was inevitable that the homes collapsed or were left
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perched precariously on top of the pilings. According to the United States Geological
Survey temporary monitoring network, the sensor in the middle of the Bolivar Peninsula
recorded a maximum storm surge of approximately 4.7 meters above mean sea level
with peak wave heights up to 5.9 meters. This meant that the elevated floors of coastal
buildings had to be at least six meters above mean sea level to escape the storm surge
and wave action (Doran, Plant, Stockdon, Sallenger, & Serafin, 2009).

Reports by the Institute of Business and Home Safety (2009) and Marshall
(2009) indicated that a number of homes survived Hurricane ke on Bolivar Peninsula
and west Galveston Island. Noticeably, these homes were located further from the scour
zone and had elevated floors more than six meters above mean sea level. In addition,
these structures were solidly built with hurricane straps at critical structural points, sound
wall cladding, and hip type roofs covered with metal or laminated type asphalt shingles.
Many of them also had window and door shutters. Both the IBHS and Marshall reported
that wind damage to residential buildings was seen mainly on cladding items such as
roof shingles, vinyl or hardboard siding, and unprotected windows. In a few houses,
wind action took portions of roof decks away and pushed gable ends either inward or
outward. However, because the roof structures usually were strapped to the wall top
plates, few roof structures blew off. Some, metal buildings did lose overhead doors that
led to loss of metal cladding. Generally, wind damage caused damage to roof coverings
and siding, with occasional partial or complete removal of the roof structure.

The main body of literature assessing the Galveston-Bolivar hurricane damage

agreed that damage to buildings caused by storm surge and wave action had different
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characteristics than damage caused by wind. Even though the buildings damaged by
storm surge and wave action were dismantled from below, buildings damaged by wind
had the greatest damage at roof level. This analysis indicated that magnitudes of forces
differ greatly between wind and wave action, but in both cases, building deficiencies
were exploited by the storm. These deficiencies included inadequate pile embedment
and poor attachment of walls to floors and roofs to walls.

The Institute for Business and Home Safety (2009) constructed a few
experimental hurricane resistant houses called “fortified homes” along the Bolivar
coastline. They reported minimal or no damage to 10 of their 13 fortified homes located
on Bolivar Peninsula. A new sentence defining fortified homes should be placed here.
Significantly, these homes were elevated on steel-reinforced concrete columns with the
first floor level placed well above the level of the storm surge and wave action.
However, three out of 13 fortified homes received damage from non-fortified
neighboring homes that were pushed off their foundations during the storm surge.

According to state data from 2007 prior to Hurricane Ike, Bolivar Peninsula
accommodated a combination of 5,425 housing units, including single-family homes,
mobile homes, and apartment buildings. Bolivar’s housing density is approximately 120
housing units per square mile, and the majority of these units were built between 1960
and 1989. These numbers accounted for 2,091 occupied units, of which 1,511 were
occupied by owners and 290 by renters. The rest of the homes were used for seasonal
living, mostly by vacationers. However, there was no accurate record for the number of

housing units currently habitable on the peninsula. The majority of the houses
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constructed near the fortified homes were built between 1960 and 2005. Regarding the
homes located on the seaward side of Highway 87, the 2009 IBHS report noted that the
elevations above mean sea level ranged from 13 feet for those built in the 1960s to 19
feet for those constructed after 1996.

With one exception, all of these houses were destroyed by Hurricane Ike. Highly
publicized as the “Last House Standing,” the home in the Gilchrist area was the only
traditionally built house that withstood the hurricane. It was located in close proximity to
Rollover Pass. The house was structurally supported by wooden columns 14 feet about
ground level, or 22 feet above the sea level. Some houses built near the coast and located
further to the west, where the Bolivar Peninsula widens and the surge was likely a few
feet lower, were not completely destroyed. Unlike the coastal houses, many of these
houses located further inland were flooded but remained standing. There was no visible
debris line in the Gilchrist area, which indicated that the surge completely washed across
the neck of the peninsula and that most of the structures probably ended up in the bay.

According to the combined analysis of many studies including Doran (2009),
IBHS (2009), Kraus (2009), and Marshall (2009), the hurricane caused several types of
damages to the houses. Initially, the seaward wall of the first floors failed because of
waves attacking the houses slightly above the floor beams, and the bottom part of the
walls was pushed partly into the interior of the homes. Both seaward and landward sides
of the homes were missing exterior wall cement-board panels. In some cases, this was
due to wall siding being fastened to the wood structural panels of the walls rather than to

wall framing members. The top of the roof opened up because of the absence of straps
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over all mating pairs of rafters or because installed collar ties were not installed between
every pair of rafters at the ridge of the roof. The water damage to the interiors was
significant and flooding left debris inside the house. Concrete slabs were severely
damaged at ground level in many homes, which meant that restoration would not be
possible without demolishing and removing the slab in order to fill and compact soil
properly under the slab.

The issue of damaged concrete slabs has been previously noted by many
engineers, who are openly opposed to large concrete slabs being poured under elevated
coastal homes. It is critical to avoid undermining the slab, which can cause a house to
collapse from wave action. The “Last House Standing,” which did not have a large
concrete slab, is a good example of this. In addition, the loads that these large slabs can
impose on a structure may also cause a significant risk to the structure itself. Instead of
one monolithic ground slab under a home, Marshall (2009) recommended using large
concrete segments that are essentially giant pavers. The idea is that these pavers can be
moved by the surge, and then replaced after soil or sand under the structure is replaced
and compacted.

It is possible to make some general conclusions concerning the performance of
pile foundations of the partially damaged second and third rows of houses further away
from the coast and farther west along the Bolivar Peninsula. Marshall (2009) observed
that the houses located closer to the Gulf that were built on pilings only up to the bottom
of the first floor tended to be completely wiped out by the surge. However, damage was

significantly less where houses were located far enough inland that wave action and
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surge height dropped below the bottom of the first elevated floor. The upper floors of a
number of houses along the coast that had pilings that continued through the height of
the first floor remained intact, but in most cases the bottom floor and parts of the walls

on the bottom floor were completely gone.

Detailed Descriptions of Building Elements
The major cause of damage for each structural part of the houses as distilled from
the literature is shown in Table 1. The following discussion provides detailed

descriptions for each built element from selected cases depicted in the literature review.

Elevation

The IHBS (2009) reported that even homes with 19-foot elevation on the coastal
side of Highway 87 barely survived the storm surge generated by Hurricane Ike.
Furthermore, if the surge plus the waves topped out at 20 t to 21 feet, a few feet above
Base Flood Elevation (BFE), the storm surge and wave action could have completely
destroyed all the homes, including the ones that were built prior to 1996. Because
extreme surge events are becoming more common, the IBHS further emphasized that

there is no substitute for enhanced elevation in cases of extreme surge activity.

Front Porches
The surge either broke or lifted the posts of the porches of many houses out of

the ground. Kraus and Lin (2009) noted that in many cases, the broken or removed posts
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acted as sizeable battering rams and were capable of causing damage to surrounding

properties. In addition, when the porch supports or the porches themselves collapsed,

they also caused or heightened the damage done to the home itself.

Table 1. Summary table for different structural components and their causes for the damage.

Debris Unsound
Cause of Damage Storm Surge Wave attack construction
Item Description
Piles on ground N N N
Patios \ \
Walls §liding \ \
Doors/windows V V
Ridge/hip/eave shingles N N
Underlayments \ \
Flashings V l
Roof Structural members \ \ \
Sheathing V \
Overhangs V \ \
Siding

It was noted that the sidings of “Last House standing” were stripped from some
of the upper level walls. In addition to having caused severe damages to roofs, the
observed wind damage typically involved damage to hardboard siding. Some buildings
with exterior insulation finish systems (EIFS) and vinyl siding also experienced a range

of damage from minor to major (Marshall, 2009).

Ridge and Hip Shingles
With one exception, the IBHS (2009) reported that more than 150 houses in close

proximity to the western end of the Bolivar peninsula did not have exposed roof decking
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along the ridge and hips. Subsequently, this allowed rain into the interior, which
worsened when the roof decks were exposed. Unfortunately, there was no solid data
available on regarding the presence of true hip and ridge shingles. However, many
sources stated that most roofs were capped with regular shingles cut to size instead of
true hip and ridge shingles (Marshall, 2009). According to the same sources, shingles
covering ridges performed better than shingles covering hips. Damages to drip edges and
shingles of roof overhangs were shown in photographs; several of these photos provided

evidence for damages to drip edges and adjacent eave shingles.

Secondary Water Protection and Underlayments

The underlayments of many roofs survived where shingles failed. However, there
were cases reported where the underlayment was also gone and visible water intrusion
was significantly present (IHBS, 2009). Some photographic evidence showed the

presence of tightly spaced cap nails on the underlayment that survived the wind action.

Flashing

Absence of proper flashing played a significant role in water intrusion and roof
leaks. In one verified case, where the roof cover and underlayment were lost, there was
clear evidence of badly installed flashings in a number of important areas (Kraus & Lin,
2009). In one such situation, the roof of a particular house included a change in slope

about half way down the main roof surface. The lack of flashings over the joint between
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the primary and secondary slopes led to water collection that caused water to leak

through the gap between the sheathing.

Roof Structure

The roof structure of the “Last House Standing” showed a separation at the ridge;
this may have occurred because the rafters on opposite sides of the ridge beam were not
connected properly. It was estimated that the wind speeds from Hurricane Ike reached
115 mph on Bolivar Peninsula and the wind loads on the roof of this house were
estimated as 30% lower than the design loads. However, there was not enough evidence
to prove that wind was the only cause for separation on the roof. Interactive forces from
both surge and wave action on the house may have contributed to failure of the roof

structure.

Roof Sheathing Attachment and Gable End Overhangs

Loss of roof sheathing at gable ends was reported in many homes located toward
the western end of Bolivar Peninsula. At the time of damage to roof, the three-second
wind gust speed was likely less than 110 mph in this particular area. At the overhang
ends of gable failed in many houses, especially roof sheathing was loss at gable ends. In
most of these situations, outriggers supporting the sheathing had been notched, and in

some instances, the underlying rafters or trusses were likely notched.
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Spatial Analysis and Sustainability

Sustainable disaster recovery also requires constituency empowerment so that
citizens can advocate for themselves in the face of future disasters. The idea behind this
assertion is leaving the recovery in the hands of disaster-stricken communities by
enabling systems that are grounded on the site itself, leading to rapid as well as
sustainable recovery (Kincheloe & McLaren, 2000; Smith & Wenger, 2006). An
objective understanding of disaster-vulnerable settlements’ physical fabric enables the
process of addressing development issues through sustainable disaster recovery. This
goes beyond restoring communities to their previous conditions. It entails the reshaping
of the environment, i.e. improving pre-disaster conditions and enacting meaningful
changes in communities (Smith & Wenger, 2006).

Building and settlement forms are embodied in social-cultural norms of societies
(Hillier & Hanson, 1984; Hillier, Hanson, & Peponis, 1987). Analyzing spatial qualities
of artifacts including human settlements can reveal the social rules that regulate the
interface among people. The analytical procedure is based on graphic representation,
nodes, and links, of traditional architectural floor plans or settlement layouts and the
qualification of graphs using mathematical formulae. The axial maps generated to
investigate the relationship between patterns of physical movement (circulation) within a
settlement and airflow within the open-space layout.

Spatial analysis has proven valuable in assessing the vulnerability of settlements
from disasters such as earthquakes and floods (Aghataher, Delavar, Nami, & Samnay,

2008). Darjosanjoto (2007) analyzed three fishing settlements in Surabaya, Indonesia,
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and found that patterns of physical movement (circulation) within a settlement were
clearly related to airflow within the open-space layout shown in Figure 28.

The underlying principle that informed this study was the extent to which airflow
distribution in a settlement is dependent on the spatial configuration of the settlement.
Darjosanjoto concluded that the closer the spaces were to the ‘root’ of the incoming
wind, the shallower the configuration. The opposite was true when only single access
was available to many spaces, and the spaces themselves were at some distance from the
root (i.e. the area outside of the settlement). However, even though syntactical analysis
has been extensively exploited in many other fields of research, this study is one of only

a few attempts to link spatial analysis to disaster research.

Conclusions

The literature supports the existence both of local knowledge for resiliency and
survival strategies for rebuilding among vernacular settlements. It further suggests that
location and configuration of such settlements and spatial make-up of individual
dwelling units does constitute ability to respond adverse climatic conditions. Although it
was not conclusive, many researchers found that the severity and type of damage to a
particular structure depended on several factors, including the quality of original
construction, elevation above mean sea level, and proximity to the shore. Furthermore,
elevation has been depicted as the most critical determinant for surge-associated
damage. Conclusions drawn from the literature review indicate that architects, engineers,

and planners tend to view the vulnerabilities of people and the environment as the result
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of weak designs and poor constructions. Such points of view take on the technical task
of fixing the offending buildings and community design. The apparent hypothesis behind
this argument involves preventing future disasters by adapting expensive state-of-the-art
designs, materials, and construction details. In addition to this, physical scientists have
improved the accuracy and precision of estimates of ground shaking for microzonation
and storm surge heights to the nearest centimeter. Increasingly detailed, performance-
based building codes have been produced because pioneering advocates from these
professions have pursued their adoption as public policy in many countries. Most of the
efforts have focused on changing the structures while less attention has been paid to
effecting needed change within specific social, political, cultural, and economic
environments. The consequence is that the people who are the intended beneficiaries of
these advances in both technical knowledge and policies have sometimes become
steadily more vulnerable. This suggests the necessity for a community-based approach to
reconstruction for disaster risk reduction. It is understood that some examples of
community-based mitigation are derived as lessons; such awareness comes from
learning from the past, building relations with communities, encouraging participation,
involving local builders and artisans, building local capacity, documenting and sharing

accumulated knowledge, and most importantly, influencing formal education.
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Figure 28. Three fishing settlements (left) and their axial representation (right). Source: Darjosanjoto,
2007.
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CHAPTER III

OBJECTIVES, RESEARCH DESIGN, AND METHODS

The way community builds tells you, sometimes, all you need to know

about its values: just to look at Radburn, New Jersey, will tell you that it is

a suburb built to control the automobile, in the same way that it does not

take long to figure out that Positano and the rest of the Amalfi Coast in

Italy were built to connect to the sea (Goldberger, 2009, p. X).

This chapter processes ways of customizing theories and approaches conducive
to the study’s primary objective of grounding long-term disaster resiliency through
sustainability that is embodied in tacit knowledge. This is to be understood as an
empirical relationship between spatial integration and disaster resiliency as portrayed in
hurricane-prone spontaneous settlements in Bolivar Peninsula, Galveston County, Texas.
The study explores environmental and economic sustainability in terms of innate disaster
survival in coastal settlements consisting of self-built or locally built houses that were
built by small-scale local contractors, sometimes identified as carpenters, artisans, or
homebuilders. The selection of settlements with specific types of dwellings was based on
the understanding that local technology and skills are best suited the local environmental
conditions, including extreme natural events specific to the area such hurricanes. The
chapter also examines the survival strategies of coastal settlements for surge or flood
vulnerability in terms of permeability of domestic units and spontaneity of settlement
organization. This is based on the premise that speedy recovery during the post-disaster

phase is based upon many locally manageable factors including readily available local

expertise, infrastructure, and local materials that are amply available at an affordable
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cost for both owners and donors. First, syntactical methods were used to identify spatial
patterns connected with surge exposure. One such pattern, the visibility or axial maps,
demonstrates integration, permeability, and connectivity among settlements. Second,
based on these spatial maps, the characteristics of the surviving residential built fabric
was described using a rubric of architectural and structural make-up. The key research
question leading to the proposed research design that has been handled within the
broader context of different causes and types of hurricane damage is detailed in the final

portion of the chapter.

Statement of Purpose

The purpose of this study was to develop an integrated, dynamic perspective of
how local knowledge and disaster resilience influence each other. In particular, the study
investigated settlements located on Bolivar Peninsula, which featured local knowledge
and highlighted the capacity of coastal communities for mitigation, preparedness, and
recovery from hurricanes. First, there are specific qualities embodied in how settlements
are laid out and how buildings are set in relation to an access grid, and how local
technology, skills, materials, and labor are utilized. Second, these physical attributes
provide an in-depth understanding of the spatial features that make residential units and
settlement less susceptible to surge damage (typology of built form, accumulation of
various built layers of different ages, topographical determinants). In addition, the study
analyzed the impacts of the stated spatial features on local “know-how” used in

managing pre-disaster vulnerability to hurricanes. Third, the settlements located on the
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southwest part of Bolivar Peninsula were closest to the path that Hurricane Ike took as it
crossed the Gulf of Mexico and Galveston Bay, while the settlements on the northeast
part of the island were farthest away. Furthermore, exploiting the rectilinear nature of the
coastal settlements on Bolivar, with its direct relationship to Hurricane Ike’s path, is
critical to understanding hurricane damage and survival probability relationships. The
theoretic pragmatics behind the study that oversees sustainable post-disaster recovery is
twofold, with hurricane damage being minimal due to in-built resiliency of the
spontaneous settlements and the damage being easily and locally addressable due to

readily available local capacity and infrastructure.

Hypothesis and Operational Questions

The premise of this study is based on the understanding that spontaneous
settlements including disaster-prone communities are sustainable when they can survive
and progress through major recurring-natural events. These traditional communities are
sustainable as a way of life. According to the World Food and Agriculture Organization
(2009), generational “know-how” and networks of communities and households can be
mobilized to prepare for, mitigate, and manage disasters related to climate change. By
dismantling the grand concept of physical context for disaster-vulnerable spontaneous
settlements, one can potentially ascertain sustainable disaster resiliency and recovery
built into the planning, construction, and operational mechanisms of the settlements.
Changes made to structures over time for various operational reasons such as

maintenance, progressive development, and other various functional mechanisms may be
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important side effects of disaster resiliency for such settlements. This study tried to
determine if a probable connection existed between spatial integration and disaster
resiliency among hurricane-prone spontaneous settlements on Bolivar Peninsula and
Galveston Island in Texas. The study also explored the environmental and economic
sustainability of these settlements in terms of exploiting the hard-wired disaster survival
ability of spontaneous settlements as an instigator of rehabilitation and reconstruction
efforts. The selection of settlements with specific types of dwellings (either self-built or
locally-built) was based on an understanding that local technology and skills are best
suited to address the socio-economic and environmental conditions of an area, even in
extreme natural events such as tornados, hurricanes, and tropical storms. The study also
looked into survival strategies used by these settlements to deal with recurring
hurricanes, with special reference to the nature of structural elevation above existing
ground level, and spatial organization of the overall settlement in relation to the access
grid. As stated previously, uncovering these survival strategies was based on the premise
that speedy recovery during the post-disaster phase in part relies on easily adaptable
resiliency conducive to local expertise and infrastructure.

The operational question asked how spatial configuration, with regard to
permeability, affected the performance of selected neighborhoods on Bolivar Peninsula
during Hurricane Ike. This is based on the hypothesis that the configuration of the grid
has a primary function in determining the permeability of a settlement, because higher
permeability provides more unobstructed escape routes and options, and surge action

associated with property damage has a negative correlation to disaster vulnerability. The
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hypothesis further predicted that the elevated structures in the indicated settlements were
more permeable than non-elevated ones as well as being less vulnerable to flood
damage. A secondary question generated by the study investigated hurricane-resistant
built characteristics of single-family detached houses. The key to this question was the
observation that certain types of architectural characteristics, such as those found in the
“Last House Standing,” are less susceptible to hurricanes than the other characteristics
(Figure 29). Therefore, an analysis of the architectural typology of surviving structures
helped answer the vital part of the operational question with regard to local expertise

versus disaster resiliency.

Figure 29. The structure called “Last House Standing” in Gilchrist was built by the owners after Hurricane
Rita. Source: IBHS, 2009.
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The following complimentary questions to the hypothesis are intended to
ascertain an in-depth understanding of concrete and discrete attributes attached to surge
damage via a settlement matrix and permeability rubric.

1. What is the relationship of each level of hurricane damage (no damage,
minor, moderate, major, and destroyed) to the axial connectivity of the access
grid?

2. How do the two extreme ends of the property survival matrix (no damage and
destroyed) vary along the connectivity gauge?

3. Which of the characteristics of structural elevation found among the
residential units deals directly with surge permeability?

4. Which typologies or combinations of built-characteristics best represent the

architectural make-up of the surviving structures?

Case Selection Rationale
The distinctive need for a case study surfaced out of the necessity to investigate
the apparent, yet complex phenomena linked to the potential relationship between one of
the key physical attributes of disaster-prone spontaneous settlements and disaster
vulnerability. Spatial integration of settlements that were not built as “designed to sell”
in current real estate practice was the main consideration in selecting an appropriate case
for this study. The Gulf of Mexico shoreline defines at least one of the boundaries for all

the settlements analyzed in this investigation. A few settlements located on High Island
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have no single coastal boundary and the only landward settlement that is located on the
mainland adjoins Chambers County.

Bolivar Peninsula was named after Simon Bolivar (1783—1830), the South
American hero. It is a narrow stretch of land known as a barrier island. It extends 27
miles along the Texas Gulf Coast, and stretches to the northeast to form part of eastern
Galveston County. The center of the peninsula is located at 29°26' N, 94°41' W (Daniels,
2010, para. 1). The widest point of Bolivar Peninsula is between Crystal Beach and
Caplen and measures three miles. Its narrowest point, where Rollover Pass segments the
Gilchrist area into two districts, is just one-quarter mile. The causeway between Bolivar
Peninsula and Galveston Island is less than three miles long. Ground access from the
Texas mainland to Bolivar Peninsula is restricted to southern Chambers County. The
sheltered Gulf Intercoastal Waterway along the north side of Bolivar Peninsula provides
freight transportation as well as creating a marine entrance from the Gulf of Mexico to
Galveston Bay. Although Crystal Beach is the only incorporated area, Bolivar Peninsula
also includes the unincorporated communities of Caplen, Gilchrist, Port Bolivar, and
High Island. Not only does Bolivar Peninsula provide a tangible sample of spontaneous
settlements that face recurring hurricanes, it also provides a manageable scale for
settlements’ age, damage severity, disaster statistics accessibility, and time lapse
between pre and post-disaster reconstruction.

The following rationale was used in the final selection of Bolivar Peninsula as a

suitable case to investigate the dichotomy between damage and resiliency.
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e Bolivar Peninsula, located directly along a common path for hurricanes
forming in the Gulf of Mexico, was severely affected by Hurricane Ike in
2008.

e Most of the housing on Bolivar Peninsula was built before 1980 in
neighborhood subdivisions, but prior to the introduction of developer-built
tract housing. According to the 2000 census and statistics obtained from US
Census Bureau (2003), 30% of the housing block was constructed before
1959.

e Older residential areas on Bolivar Peninsula demonstrate typical vernacular
characteristics of East Texas architecture and more spontaneously acquired
settlement patterns original to early Spanish cities, towns, and hamlets.

e Information on levels of damage to randomized properties, physical
characteristics, and household data was obtained by Texas A&M University’s
Hazard Reduction and Recovery Center after Hurricane Ike in 2008 and
updated in 2010.

e Verification data for post-disaster property status was available from

appraisal cards maintained by the Galveston County Appraisal District.

Research Methods
The descriptive analysis of precedent and case studies through existing literature
revealed a distinct need for investigating the relationship between local knowledge and

surge damage. It supported the existence of such a relationship for seismic and flood
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prone vernacular settlements in many parts of the world. Therefore, the objective
scrutiny of both the micro aspect of spatial fabric, including individual spaces as well as
a network of open spaces, and the micro aspect of the spatial fabric that constitutes the
individual settlements and their morphological interactivity are pertinent to this study.
Thus, the study handles its objective evaluation of place at the settlement or
neighborhood scale and space at the individual house scale in Bolivar Peninsula. Field
observations were used for both place and space investigations and the techniques used
were space syntax and permeability analysis. These techniques were executed through
damage assessment form and elevation characteristic table/rubric respectively.

The interpretation of spatial elements requires an abstract and objective frame of
thought, quantifiable data, and ideally, the language of mathematics (Tuan, 2001). As
basic elements of location-based investigations, place and space are used to derive
necessary constructs for spatial description. However, place has more substance than
geographical demarcation; it is a unique entity or special ensemble that has history and
meaning (Tuan, 2001; May, 1970; Lukermann, 1964). On the other hand, space provides
cues for our behavior, which varies with the individual and cultural group (Hall, 1966;
Downs, 1970). According to Tuan (2001), geometrical space is cultural space, a
sophisticated human construct, the adoption of which has enabled us to control nature to
a degree hitherto impossible. Figure 30 condenses the research design into three distinct
territories. First are the broad domains of vernacular, indigenous, spontaneous, folk, or
local styles with their continuously evolving boundaries. These may consist of rural,

urban, residential, and commercial precincts. Second is the objective evaluation of place
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space (houses) within place (settlements) via the permeability rubric.
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Figure 30. Research design.

Objective Evaluation of Space

In order to evaluate space, this study examined the elevation characteristics of
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hurricane-prone Port Bolivar houses. The basis of this inquiry was the understanding that

vernacular architecture cannot be interpreted holistically apart from its contents and its
context. Interpreting it requires histories of vernacular architecture that integrate

furniture, yards, farmsteads, and ultimately, settlement patterns into the whole. On the

other hand, it is not difficult to find arguments that describe materials related to
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vernacular architecture as more valuable than other kinds of architecture for
understanding “most people” because of its embedded communal values. However, for
vernacular architecture and other material culture scholarship, this rather intriguing
quality of objects has too often resulted in essays that have been purely descriptive
(Upton, 1983). Due to less elaborate structural sophistication, architecture of the
common folk has not survived as have houses owned by the wealthier segments of the
population. In most cases, the types of vernacular architectural pieces are those that not
only passed the test of the time, but also maintained their numbers and have
accommodated the lifestyles of successive generations. The definition of vernacular
architecture has grown to cover many different types of architecture. It now includes
anything that has not been included in mainstream architectural history, including
nineteenth or twentieth century speculative development, industrial buildings, fast-food
restaurants, and other commercial franchises. In other words, virtually anything not
obviously the product of an upper class, avant-garde, aesthetic movement is often seeing
as vernacular. The idea of commercial vernacular architecture was added in early 20th
century (Venturi, 1977).

According to Upton (1983), many scholars prefer to define vernacular
architecture not as a category that includes certain types of buildings, but as an approach
to architectural studies, which enables traditional architectural historical inquiries. Upton
also identified four basic approaches to vernacular architectural studies: (a) object
oriented studies, (b) socially oriented studies, (c) culturally oriented studies, and (d)

symbolically oriented studies. This study takes the object-oriented or object-specific
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approach to examine human alertness to recurring environmental phenomenon and
responsiveness to extreme climatic conditions. The process analyzes both settlements
and dwellings for clues of such responsiveness. Even though the current practice of
modern object-oriented studies has gone far beyond antiquarianism, scientific or
otherwise, it still relies somewhat on intuitive, rather than explicit, concepts of change.
Because artifacts are products of human creativity, even very basic antiquarianism
makes certain rhetorical guesses about the authors and users of those artifacts.

As Upton (1983) posited, instead of relying on such guesses, object-oriented
researchers typically rely on a kind of common-sense functionalism and on aesthetic
trickle-down theories to account for architectural choices. In contrast, many researchers
who find that exploitation of architecture is more reliable in understanding its authors
and users dismiss the rhetorical predicting of the people who live with a view to
understanding their artifacts. This reversal of examining objects as evidence about past
and present human transactions with their socio-physical environment has been
identified as the single most important turning point in the study of vernacular

architecture in the last few decades.

Objective Evaluation of Place

In order to evaluate place, this study obtained data on connectivity among open
space network/access grid by utilizing Space Syntax. These series of network-grid
spaces are represented by a map of interconnected or segmented axial lines. The

connectivity is acquired as a measure of relative positioning (connectivity) of an axial
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line to other axial lines in the network or grid. Space syntax was proposed by Hillier and
Hanson (1984) as a starting point for examining spatial configurations in built forms and
fabric. Gamma analysis or access analysis of space syntax provides a system to identify
not only how spaces within a structure are arranged and related to each other, but also
how a particular built form mediates the relationship between its occupants and visitors.
Furthermore, while highly integrated areas tend to attract movement and often function
as public domain, peripheral or poorly connected areas are used primarily as private
spaces due to their poor accessibility (Bafna, 2003; Hillier, 1996, 2004; Hillier, Penn,
Hanson, Grajewski, & Xu, 1993). Obtaining accessibility is possible through translating
a building into an access graph or gamma map, in which each room is represented as a
circle; the access between rooms is represented as lines linking circles together. A
justified access graph is used to represent rooms that are the same depth from the outside
on the same level.

The basics of the space syntax are such that it presupposes structure of the space
around buildings; according to the syntactical theory such spaces are structured in a way
that allows strangers to move about, but only inhabitants and certain visitors are allowed
inside structures. Because the inhabitants are the controllers, they have invested in power
over their settlements and dwellings; in contrast, visitors enter or stay as subjects of the
system as the controlled (Markus, 1993). Therefore, while most interior spaces of a
building are occupied by the inhabitants, visitors occupy the outer or peripheral casing of

the building. However, syntactical patterns should be analyzed though the filter of the
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particular people using that space, an element that is both culturally specific and difficult
to determine without living informants (Morrow, 2009).

The role of space syntax in this study was to provide a basis to identify nodes of
settlements that have survived hurricanes, and further analysis is required to describe
elements of the built environment that demonstrate resiliency. Rapoport (1990) averred
that such characteristics are demonstrated by the use of fixed-feature elements like
wooden walls, columns, thresholds, and plastered floors, and semi fixed-feature
elements such as doors, benches, hearths, wells, and other furnishings and portable
artifacts. In order to capture the spontaneity of urban space, it is essential not to lose the
inherent peculiarities of the system. Hillier and Hanson’s space syntax approach has
been utilized to acquire both consistent and objective data for spatial relations unique to
settlements (Hillier & Hanson, 1984; Hillier, 1996). Axial and convex maps were drawn
of sleeted there settlements to extract the spatial pattern.

The maximum global linear extension of any segment of the system inside the
settlement can be distilled from the axial map. On the other hand, convexity, the
counterpart of axiality, represents the two-dimensional extension of space. The global
and local aspects of space syntax are based on the argument that every point in the
system inherits both a one-dimensional and a two-dimensional form. Socially
interpreted, while convex space illustrates where the person is in the open space system,
axial lines offers the details of the location where she/he might be going. This is related

to the notion that axiality is a measure of movement and convexity is more about mutual



-

Figure 31. Hurricane Ike path and ArcGIS randomized land parcels for damage assessments. Source: Doran et al., 2009.
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presence. Therefore, axiality is associated predominately with strangers, while the

common denominators of convexity are related to inhabitants (Darjosanjoto, 2002,

Hillier et al., 1987).For the purpose of this analysis, a grid of an open space network was

drawn with CAD and was based on GIS maps and aerial photos from Google Earth for

Bolivar settlements. DepthMap generated axial maps were created using these open

space maps as base drawings. Figure 31 shows Bolivar settlements at either side of the

Gulf of Mexico Intercoastal highway and land parcels randomized for damage

assessments. The methodology used an axial line analysis to derive syntactical measures

of connectivity using DepthMap as detailed below:

1.

Connectivity is a measure of relative standing of an axial line in terms of its
position in a series of interconnected axial lines. In the broadest sense,
connectivity is the number of streets or open spaces represented by axial lines
directly connected to a particular street or open space represented by an axial
line. The current study was concerned primarily with axial data; however, one of
the selected settlements for ground-elevation analysis was also analyzed using
convex maps.

Connectivity is a measure of relative standing of an axial line in terms of its
position in a series of interconnected axial lines. In the broadest sense,
connectivity is the number of streets or open spaces represented by axial lines
directly connected to a particular street or open space represented by an axial

line. The current study was concerned primarily with axial data; however, one of
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the selected settlements for ground-elevation analysis was also analyzed using

convex maps.

3. Integration is a measure of accessibility among routes presented by axial lines
with two levels of measures, global and local integration. Global integration also
refers to integration radius max; this represents numerically the average number
of turns needed to get to a particular route from any other route in the network.
Furthermore, global integration measures the accessibility of a route represented
by an axial line from the city as a whole. From a pedestrian circulation
standpoint, global integration predicts how easy it would be for a stranger to find
a specific street. In contrast, local integration measures the connectivity of a
street represented by an axial line to another axial line or lines that are » steps
farther from the referred line.

It is to be noted that the computational nature of syntactical methods tends to
draw too heavily on culturally normative assumptions about how people organize their
space. Therefore, further verification of outcome is needed to confirm the results through
thick descriptions based on rigorous fieldwork as proposed under the permeability

rubric.

Variables
In the syntactical analysis, because levels of damage are observed assessments,
average connectivity among axial lines becomes the independent variable. The

dependent variable, surge damage, has five levels of damage: none, minor, moderate,
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major, and destroyed. In the permeability analysis, the categorical/nominal variables fall
into five groups of elevation characteristics: street orientation, ground elevation, ground
enclosure, external bracing, and external attachments. The current study distilled
Hurricane Ike damage assessment values obtained for the Bolivar settlements into axial
maps. The average damage values for grid sections or streets in each neighborhood were
assigned to fewest line maps generated via DepthMap. The significance was evaluated
with surge damage as one of the three contributors to structural or overall damage: wave
action, surge, and storm. The statistical procedure handles two types of data: (1) five
levels of damage (none, minor, moderate, major, and destroyed) against the axial
connectivity of Bolivar Peninsula, and (2) survival binaries (survived, destroyed) against

five categories of elevation characteristics (see Table 2).

Table 2. Matrix of damage assessment and permeability characteristics.

Survival Damage Level Elevation Characteristics
None Street orientation
Yes
Minor Ground elevation
Moderate Ground enclosure
No Major External bracing
Destroyed External attachment
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Syntactical Analysis

The average connectivity for each segment of the grid against the level of
damage to residential units (houses) may reveal possible relationships between
dependent and individual variables. A comparison of means of variations to find
significance among outcome and predictor variable can be done using a particular
inferential statistical method, one-way Analysis of Variances (ANOVA), among five
levels of damage. In addition, building up a typology for hurricane-resilient architectural
characteristics for all the settlements is needed to fill the “local know-how” portion of
the operational question. This was instigated by forming a permeability rubric based on
the built features pertaining to structural elevation above the exiting ground level of
residential properties that have been identified as positive towards surge permeability in
the post Hurricane Ike literature.

A binary logistic regression is appropriate for determining which characteristics
or combinations of characteristics of the permeability rubric work best against surge
damage. This analysis limits discussion of the details of the mathematics involved and
the statistical basis of the space syntax analysis to the basic principles above. This is an
acknowledgement of its importance, as well as an acknowledgement of the author’s lack
of familiarity with the inner workings of this method using a computer program. The
DepthMap software, which was developed by the University College London, requires
simplified plan drawings of structures in order to process various forms of spatial
analyses to depict simple graphics that group value ranges along a color-based scale.

This allows for intuitive visual comparisons of spatial variables followed by regression
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analyses, which will be explored in detail in the next chapter. Fundamentally, the
methods and rational of space syntax analysis presents itself to architects and planners as
an incredible tool with great potential to clarify the internal dynamics of spontaneous

settlements (Morrow, 2009).

Permeability Rubric

The physical makeup of residential units that alter the fluid dynamics of surge
flow critically determines permeability. Houses elevated on columns and free of
first/ground floor walls may provide the best scenario for allowing surge to escape from
high to low pressure zones as well as limiting water damage to cosmetic repairs, or at
worst, replacement of certain structural members. However, no matter how permeable
the structures are, unsound construction will not survive all three types of hurricane
damage (wind, wave, and surge). The rubric is based on five broad categories of external
built characteristic that were identified in post Hurricane Ike literature as key players in
surge permeability (see Table 3). The following criteria were adopted for use in distilling
many elements under each category into four representative models. The rationale used
for each permeability group in deciding the scope of different characteristics is outlined
in the following sections. The permeability rubric developed on various elevation
characteristics emphasized in Hurricane Ike literature focuses on analyzing structural

makeup pertinent to surge damage assessment of Port Bolivar settlement.



Table 3. Elevation characteristics of the permeability rubric.

Street Orientation

Ground Elevation

Ground Enclosure

External Bracings

External Attachments

1. Open with columns
2. Columns with a room
3. Columns with rooms

4. Enclosed with rooms

1. Lengthwise from access e L T
road
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1. No bracings

2. Braced at one direction

3. Braced at opposite
directions

4. Braced at multiple
directions

1. No attachments
2.  Front/rear patio/deck
3.  Side patio/deck

4.  Wrapping veranda
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Orientation. The properties located in the intersection or Conner plots were
categorized into a model labeled “access road width is greater than offset from access
road.” Access road offset and width was considered for the properties with similar length
and width dimensions (square in shape): if the unit is a corner property, then Offset from
access road is less than road width. If the width of the access road is approximately close
to offset from the access road, either “oriented length wise to access road” or “width
wise to access road” was adapted: if the access road equals offset from the access road,
then either lengthwise or width wise.

Elevation. As interiors were not accessible for detailed inspections, the houses
with solid concrete, stone, or brick plinth were categorized under “boarded plinth
category. The average story height was based on residential units’ floor to ceiling height
as stated in International Code Council (ICC 2011).

Enclosure. Because freestanding columns are also braced at the second floor
level, exposed wooden frames have been considered to behave as similar to them too.
The temporary partitions on first/ground floor made during the hurricane season are not
being included in the Enclosure group.

Bracing. Only the devices those appeared to be contributing to structural
integrity of first/ground floor vertical supports have been considered. Even for the
properties with no columns but all walls, bracing was considered as some of them had
exposed wall bracings crisscrossing column struts.

Attachments. Temporary sheds, semi-detached garages and workshops, and

mobile storages attached to main house have not been considered in this group. In
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addition to residential units with continuing verandas and three or more facades, the
units that constituted interconnected patios or decks on more than two sides counted as
wrapping verandas.

The detailed descriptions of the elevation characteristics shown in Table 4 were
obtained through on-site observations. These photographic evidence was further verified

using Galveston county appraisal cards.

Sampling

Because this study analyzed the socio-cultural production of human habitation, it
employed a higher level of awareness due to its subjective normatives. Settlements were
selected based on three parameters: the age of the settlement with special reference to a
number of self-built or locally built units in each settlement, distance from the hurricane
path, and access to damage assessment data. The oldest neighborhood was closest to the
hurricane path on the edge of the Bolivar side of Galveston Bay (Port Bolivar). In
contrast, the comparatively new neighborhoods were farthest from the hurricane path
facing the Caribbean Sea side of the Gulf of Mexico (see Figure 32). Except for High
Island, most of the landward settlements were situated approximately in the middle of
the coastal settlements between Port Bolivar and Bolivar Peninsula. Damage data for
Bolivar Peninsula was collected as part of the Galveston Appraisal District Hurricane
Ike damage assessment survey, produced by the Hazard Reduction and Recovery Center
(HRRC) of Texas A&M University’s College of Architecture. Random sampling and

ArcGIS were used to generate property IDs for single-family detached houses.



Table 4. Specimen photographic analysis of permeability rubric.

Elevation characteristics - penmeability rubric

Ground Onentation

Ground Elevation

Ground Enclosure

External Bracing

External Attachm ent
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Figure 32. Land use map showing left and right halves of Bolivar Peninsula. Source: Bolivar Chamber of Commerce, 2010.
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Specific residential properties were excluded from the sample, based on the selection
criteria established in the hypothesis: (a) new construction and completely remodeled
houses built after Hurricane Rita in 2005, (b) recreational vehicles (RVs), mobile homes,
and replacement housing, and (c) ocean properties (houses built in the ocean). The
population considered for the one-way Analysis of Variance (ANOV A) was Bolivar
Peninsula. For the logistic regression, an unknown settlement (Port Bolivar) on the
island was cluster sampled (see Figure 33). In each cluster, all the houses were sampled

(one stage cluster sample).

Instrumentation

The damage assessment was based on twofold criteria and a portion of the
assessment was completed with data from satellite images from the National Geodetic
Survey, the National Aeronautics and Space Administration, National Oceanic and
Atmospheric Administration and the National Weather Service Weather forecast office.
A detailed survey was conducted by HRRC field investigators using the damage
assessment form, Hurricane Ike Community Resilience and Recovery. This form was
used to obtain the damage data for four main categories: foundation and overall
structure, roof, exterior, and landscape. In addition, data was obtained on damage to
specific building elements including missing windows, doors, roof tiles, and breached
garage doors. Because this study focused mainly on flood damage, data on foundation

type, whether the structure was raised above ground or not, and height of elevation for



Figure 33. ArcGIS generated property IDs of the oldest “permeability rubric settlement” in Port Bolivar.
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raised structures were critical. Therefore, this type of data was extracted from the
assessment form. A significant portion of the data pertaining to the permeability rubric
was based on fieldwork in the Port Bolivar neighborhood under five main categories.
The basic assumption was that elevation of structures critically alters the surge damage
by means of permeability. Galveston Central Appraisal District cards were used to cross
check the dimensions of building footprints, foundation details, age of the structures,
attached and non-attached secondary structures, and plot size against official

observations on permeability characteristics.

Data Collection

The data collection in January 2010 for each randomly selected household was
done only when the field investigators were granted permission to photograph and assess
the structure. Therefore, assessment and photographing were restricted to streets in the
absence of occupants’ consent. The field investigators were asked to photograph the
house number, if present, in order to confirm the Galveston County Appraisal District
property IDs and location. However, satellite images/aerial photographs were utilized to
assess the inaccessible properties. Piling up of debris barricading access, failures to
obtain consent for access, and difficulty in identifying the location due to partial or
complete destruction of the property were a few of the reasons for inaccessibility. The
permeability rubric based final set of data on Port Bolivar neighborhoods relied on
Galveston District appraisal cards for verification on building footprints and

accompanying structures. However, additional information including external bracings
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and ground enclosure details was gathered on site using field observations in 2010. Wall

heights were based on standard siding sizes and column heights accordingly.

Data Analysis

Representation and analysis of an open space structure or system of open spaces
of a settlement presents numerous morphological constrains, including spatial continuity.
Even though the majority of interiors of buildings are subdivided into a series of discrete
units or compartments (rooms), the exterior or outside has no such distinguishable
compartmentalization. Hillier and Hanson’s (1984) and Hillier et al.’s (1987) work on
syntactical analysis allows one to assess systems of exterior open spaces via axial and
convex maps. In order to evaluate elements of environmental responsiveness embedded
in spatial artifacts objectively, an understanding of how each space is integrated with the
rest of the building is critical.

According to Hillier and Hanson’s (1984) and Hillier et al.’s (1987), this can be

achieved using the access graph of a building to calculate the following steps:

a) Control Value (CV) measures the degree of connectivity of a particular space
to its immediate neighbors. For calculation purposes, each space in the
building is assigned a value of 1; this value is divided among each of the
connected-adjacent spaces. Added together, the resultant value presents the
control value for each space. The degree of control increases with higher CV

numbers.
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b) Mean Depth (MD) measures the depth of a particular space in relation to the
other spaces in the building. MD = cumulative depth of each space / p — 1,
where p is the number of points in the system.

c) Total Depth (TD) is the total of the shortest distances from a node (n) to the
other nodes in a system; i.e. TD(n) is the total of line n (or column n) in the
distance matrix of a system.

d) Relative Asymmetry (RA) measures accessibility of a particular space
relative to adjacent spaces or degree of integration of a particular space to the
building’s structure. The resulting value varies between 0 and 1, with values
approaching 1 indicating lower accessibility. RA = 2(MD - 1)/k — 2, where
MD is the mean depth of the system and k is the number of spaces in the

system.

Limitations and Delimitations

The road grid has been considered as the only unobstructed open space network
that contributes to connectivity, permeability, and integration. Internal water bodies,
channels, and creeks too were not included into the open space-web. Only the surge
action that is being considered as the close companion of permeability, connectivity, and
integration measures of spatial configuration (Kraus & Lin, 2009). Because surge
damage is one of the three contributors to overall damage, significantly low significance
levels are expected from both the One-way Analysis of Variance (ANOVA) and Logistic

regressions. Because there is a no reliable criteria to calculate percentage damage from
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each type of hurricane action (wind, wave, and surge), low significance levels can be
expected. Even though it is out of the scope of this study, without adjusting the
significance level for percentage-damage from surge, the relationship between axial
connectivity and levels of surge damage should not be concluded as being statistically
undependable. To minimize the threat to internal validity, only damage to the foundation
and the overall structure was considered for the One-way ANOVA. It is believed that
roof damage was caused mainly by wind action, and therefore excluded from the
analysis. An important limitation of this study was narrowing the scope of the syntactical
analysis to settlements with the least number of vacation homes or housing rentals built
for tourism purposes in order to avoid real estate developments’ associated housing

design and settlement planning skewing the results.

Conclusions

An amalgamation of tactics certainly can unveil hidden constructs of the socio-
cultural production of place as well as space. Some of these may not be completely
hidden, but most are interpreted out of context including their operational meaning in
architecture. This is an inherent condition of research, recovery, and mitigation of
disaster and mass emergencies due to their magnitude and urgent nature. The research
design strives to ascertain space accumulation of progressive settlements as well as the
architectural makeup of building elements from the smallest building blocks of such
settlements. The goal was to broaden the knowledge base of disaster resiliency of a

particular intact spatial unit from planning of settlements to designing of individual
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dwellings. While syntactical analysis furnishes an integrated map of spatial connectivity
among open space networks of the settlements under investigation, the research rubric
revealed the structural patterns of elevation among residential units. However, analysis
of elevation pertaining to permeability should not be investigated in settlements that
show no or insignificant correlation between settlement connectivity and surge damage.
In this sense, the object specific studies should only be carried out in settlements where
spatial connectivity informs aspects of surge permeability with regard to ground
elevation of individual properties. Therefore, the need arise out of necessity in assigning
credibility to elevation characteristics of surge permeability that emphasized in the
disaster literature for such surge-resilient houses. It may further validate the
investigation by finding the degree to which those characteristics networked with the

grid of open spaces are fundamentally accountable for controlling permeability.
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CHAPTER IV

RESULTS AND DISCUSSION

Don’t architects have a responsibility to make the world better, as

Vitruvius and Alberti would remind us? Does an ugly public housing

project that provides a home for fifty families not serve a larger purpose

than a more attractive one that gives only twenty families a roof over their

heads? Wasn'’t it the job of architects to try and solve the problem of

rebuilding New Orleans after Katrina? (Goldberger, 2009, p. 35)

Even though this study is a spatial investigation that fundamentally focuses on
the syntactical analysis of the Bolivar open space system, the analytical tool Space
Syntax only furnishes connectivity measures for axial segments in the Bolivar
neighborhoods. However, both DepthMap and Space Syntax are considered best for
settlement analysis as an authoritative medium by means of graphical representation of
connectivity among the open space network in the settlements under investigation. The
results and discussion accompany an introduction to the nature of the damage following
Hurricane Ike, along with a detailed description on the cohort of settlements and their
axial dynamics. The physical attributes of the Bolivar settlements are presented from the
point of view of axial integration and the nature of the damage. An inevitable
comparison on nature of surge damage is also made to Bolivar Peninsula’s neighbor,
Galveston Island. In addition, the visibility maps demonstrate different levels of
connectivity among linear developments of the gridiron patterned artery network in

different parts of the Peninsula. In essence, the twofold data analysis employs a study of

hurricane damage of the settlement at the neighborhood scale and of individual dwelling
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units at the axial line scale. The use of syntactical measures to interpret spatial
transactions between physical connectivity and various levels of hurricane damage forms
the major portion of the chapter. This is followed by an establishment of the statistical
method and tools and the theoretical underpinnings of both an Analysis Of Variance and
a Logistic Regression to unveil the possible relationships hypothesized in the research
questions. The final segment of the results and discussions analyzes damage to
individual properties based on their connectivity and the damage index. Residential
properties along most connected open space network in one of the highly connected
Bolivar neighborhoods at Port Bolivar have been investigated using a logistical
regression on data obtained through a permeability rubric. Logistic Regression is the
statistical tool used to interpret significance portrayed in the rubric, based on availability
of binary data (no damage or destroyed) and on the categorical nature of the

permeability characteristics.

Bolivar Neighborhoods: The Nature of Damage
Typically, wooden framed single-family residences elevated on wooden logs or
pilings are the most common housing style found on both Bolivar Peninsula and west
Galveston Island. Most of the vacation homes located directly along the shoreline
employ more sophisticated mainstream building methods and finishes than landward
houses. Generally, elevation of floor platforms varies from two to four meters above
grade or four to six meters above mean sea level. Figure 34 illustrates predicted

inundation using modeled storm surge based on Hurricane Ike storm conditions and
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landfall location. Actual wave-surge directions and surge damage variations along the

Gulf of Mexico are shown in Figure 35 and 36. Figure 36 further demonstrates survival

and destruction against increasing distance from the Gulf of Mexico shoreline. The X-

axis plots the Lowest Horizontal Structural Member (LHM) elevation and the solid line

approximates 1993 FEMA Base Flood Elevation (BFE) with distance inland.
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Figure 34. Assessment of inundation potential (storm surge minus dune elevation) for Galveston Island
and Bolivar Peninsula. Source: USGS, 2008.
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Figure 35. Wind field and wave/surge directions during Hurricane Ike on Bolivar Peninsula. Note: The
vector wind field is shown at landfall and bathymetry contours in dashed lines. Source: Kennedy, Dosa,

Zarama, Gravois, Zachry, Rogers, & Sallenger, 2010.
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Figure 36. Survival and destruction rates based on elevation and distance from the Gulf of Mexico

shoreline. Note: (0) Surviving houses. (0) Destroyed houses. (#) Surviving, but significant wave damage.

Source: Kennedy et al., 2010.
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Unlike Galveston, many homes on Bolivar Peninsula experienced both storm
surge and wave action. Storm damage was significant in the houses that were directly in
Hurricane Ike’s path. The relatively low elevations, around 2m, as well as the open coast
location made the area an easy target for high surge. Moreover, houses at the lowest
elevations and closest to shore were most likely to be damaged or destroyed by the
powerful wave action (Marshall, 2009). On the other hand, the damage to the more
landward settlements was mainly due to the combined forces of storm surge and wave
action. Severe damage was reported in many places due to undermined foundation
pilings for the first row of houses. Eroded shorelines approximately 50m inland were the
likely causes behind these widespread collapses. Almost every house located directly on
the Gulf coastline had the pilings destroyed. In addition, strong waves and storm surge
destroyed many more houses, with some areas experiencing more than 90% total
destruction of houses. A major portion of the 30km length of the Bolivar coast
experienced similar damage. The damage further inland was not as severe as that closer
to shore (Kennedy et al., 2010).

The most important damage feature of surge is the very strong division in
elevation between survival and destruction. This is approximately 0.5m and appears to
be related to whether waves riding on top of surge did or did not reach the elevated
flooring systems. Houses with lower elevations were uniformly destroyed by waves,
while houses at higher elevations survived. The sheer weight and force of debris swept

away by the floodwaters caused damage to properties beyond the shoreline.
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Syntactical Analysis

The system of axial and convex space of the Bolivar coastal settlements consists
mostly of a series of gridiron-patterned streets that link the northwestern or southwestern
edges of the settlement to the southeast shoreline. Crystal Beach and Gilchrist connect
directly to Highway 87, but Port Bolivar and High Island connect to the highway via the
Broadway Avenue, Loop 108, and Highway 124, respectively. The Rollover Pass across
Rollover Bay connects Bolivar Peninsula to the mainland, and Highway 87 connects to
Galveston Island from the southeastern side.

Syntactical representation produces two forms of extension of open spaces for
these settlements. The first form is a series of built spaces defined as a one-dimensional
line that represents the connectivity of adjoining blocks. Hence, the fundamental
argument behind this axial line representation is that the network of open spaces serves
as a circulation route within the settlement. The second form does not necessarily
connect open spaces to each other with a common property line; it is defined by
boundary demarcations such as walls, fences, or earth embankments. This demonstrates
qualities of an independent spatial compound. Combined together, the axial and convex

representations provide an objective evaluation of spatial patterns of open spaces.

Axial Integration and Connectivity of the Settlements
As shown in the axial maps (see Figure 37), both Port Bolivar and High Island

are isolated from the main residential zone along the southwestern edge of the shoreline.



Figure 37. Syntactical representation of the open space system of Bolivar Peninsula.
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Crystal Beach and Gilchrist are part of the linear belt of neighborhoods facing the
Gulf of Mexico. All other coastal settlements except High Island are linear in form and
very regular in their patterns of axial space. Parallel streets, linked one to another, make
Port Bolivar more compact than other coastal settlements (see Figure 38). Axial maps
transform the connectivity among open space network into a graph, which shows the

relation between one axial segment and another.

Figure 38. Axial arrangement of the Port Bolivar settlements.

According to Hillier and Hanson (1984), the most integrated areas ideally should
carry the most movement. Among Bolivar settlements, the most integrated line of all
axial lines is Highway 87, which runs across the Bolivar Peninsula connecting Galveston
with High Island and southern Chambers County on the mainland. This also defines the

northeast and southwest axes of the settlements and the access-spine for all settlements.
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From Gilchrist toward High Island, either Highway 87 or the Gulf Intercoastal Highway
almost defines the northeastern shoreline, but it runs through the center of the
settlements at Port Bolivar on the Galveston end. This is an important route because
Point Bolivar, the western tip of Bolivar Peninsula, and Galveston are only separated by
2.7 nautical miles across Galveston Bay. However, the Crystal Beach, Caplen, and
Gilchrist segment of the intercoastal highway (represented in a combination of red and
yellow lines) marks the heart of the Bolivar integration continuum.

These lines are clear representations of the openness index with regard to the
patterns of settlements’ circulation (both roads and open spaces). Though the gridiron
circulation routes of settlements are quite open and accessible, some segments close to
the shoreline-are more open and connected. The main northeast and southwest
intercoastal highway is not only a part of the land-to-coast connection (global street), but
it is also the origin of all streets running in north and southeasterly directions (local

streets).

Visibility Mapping

An overall image of the open-space structure of the Bolivar settlements can be
obtained simply by visual inspection. To make the discussion more systematic and
rigorous, a set of recently developed techniques was employed for the representation and
analysis of spatial structure, i.e. a visibility graph analysis (VGA) (see Figure 34). In this
case, the external space surrounding each of the settlements was treated as a single,

unbroken element, and the ‘depth’ of spaces within each settlement was calculated
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accordingly. The relation between visibility and permeability is critical to an
understanding of how settlements work spatially and how they are experienced by their
occupants. VGA can help clarify this relationship.

As explained in the previous chapter, DepthMap, an automated method that
performs a visibility graph analysis, divides the visibility measures into two groups. One
group consists of global measures, such as mean depth and point depth entropy, while
the other deals with local measures such as clustering coefficients and control. Because
this study focuses on local measures, clustering coefficients assist in analyzing small
networks. This is also useful in exploring the direction of junction points on the plan of a
settlement or network of settlements. Even though the control does not directly
contribute to the methodology of this research, it reports on relationships between a
specific neighborhood and those immediately adjoining it. A number of properties
inherent to the Bolivar visibility graph provide useful links to way finding and
movement within a house or other building. As demonstrated in Figure 34, the system of
axial and convex space, low mean depth corresponds to a regular and linear layout,
which facilitates movement in and out of the settlement. In terms of accessibility and
visibility, clusters further away from Intercoastal Highway 87 require slightly more
effort to get from one place to another. This may be due to the irregularity of shape
compared to other clusters and the greater incidence of junctions and turning points

within the spatial structure leading to open-space clusters.
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One-way Analysis of Variance (ANOVA)

The results of the ANOVA can be used to infer whether the means of the
corresponding sample distributions also differ. Unlike t-tests that compare only two
sample distributions, ANOVA is capable of comparing many in the Bolivar sample.
Theoretically, it is possible to do multiple t-tests instead of a single ANOVA, but in
practice, it may not be the appropriate strategy to obtain mean differences. On the other
hand, ANOV A offers a number of advantages that t-tests cannot provide. For instance,
ANOVA is robust in allowing the user to avoid the critical “inflated alpha™ issue that
may arise from conducting multiple t-tests.

Because this study seeks a relationship between connectivity and five different
levels of hurricane damage, a one-way Analysis of Variance (ANOV A) test allows us to
determine if one given variable has a significant effect on the second variable across any
of the groups under study. A significant p-value resulting from a one-way ANOVA test
would indicate that hurricane damage is differentially expressed in at least one of the
groups analyzed. Because the surge damage has more than two groups being analyzed,
the one-way ANOV A does not specifically indicate which pair of groups exhibit
statistical differences. Therefore, a post hoc test was used in this specific situation to
determine which specific pair/pairs are differentially expressed.

While n represents the number of items in each data set, the mean is calculated
by summing all the individual items of data and dividing by the number of items of data
(= sigma x divided by 7). The variance or the measure of the spread of the data about the

mean is calculated as follows:
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Variance = s2 = 6% =

The F-score and p-value of a one-way ANOV A will indicate whether the main effect of
the independent variable “damage assessment” was significant. In other words, a
significant F-statistic would tell us that class grade had a significant effect on average

connectivity of the Bolivar settlements.

Hypothesis and Null Hypothesis

The hypothesis for each damage group is there is no difference in the mean
damage expression intensities in the groups tested. In other words, the damage has equal
means across every group. Therefore, there is no difference in the mean damage
expression intensities for average connectivity across all damage levels (ranging from no
damage to destroyed) in the Bolivar neighborhoods. Table 5 illustrates the statistical
representation of both the null hypothesis and the alternate hypothesis, based on the
assumptions that the values in each of the groups (as a whole) follow the normal curve,
with possibly different population averages and equal population standard deviations.

However, the null hypothesis is that all of the group averages are equal.

Table 5. Statements of the null hypothesis and the alternate hypothesis.

H =W =U3=Ud=1i5 No relationship between mean physical connectivity of the Bolivar
o HIEMSTHSTHATUS - oettlements and Hurricane Ike damage to houses
Some relationship between mean physical connectivity of the Bolivar

Ha  Not Ho settlements and Hurricane Tke damage to houses
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Results and Analysis
Table 6 shows the one-way analysis of variance (ANOVA) for average
connectivity among five damage categories, using total sample of 248 houses at the o
level of 0.05. As evident in the table, the highest sample size of 66 and 158 exists at
extreme ends of the damage spectrum: no damage or none and destroyed, respectively.
The smallest sample size (4) is for major damage, which means skewed results can be

expected in the variances analysis.

Table 6. ANOVA descriptives for average connectivity.

95% Confidence
Interval for Mean

N Men b Eror  Bownd  Boma Minimum  Maximum
None 66  5.3106 4.36839 53771 4.2367 6.3845 .00 20.00
Minor 13 3.0769 2.33494 .64759 1.6659  4.4879 .00 9.00
Moderate 7 4.5000 7.33144 2.77102 -2.2805 11.2805 .00 20.00
Major 4 .5000  1.00000 .50000 -1.0912  2.0912 .00 2.00
Destroyed 158 3.6693 3.74934 29828 3.0801 4.2585 .00 28.00
Total 248 4.0474 4.03941 25650 3.5422 4.5526 .00 28.00

a.o=0.05

The one-way, between-damage levels analysis of variance reveals a reliable
effect of other level on physical connectivity, F(4, 243) =3.037, p = .018,
MSerror = 15.796, .= .05. As shown in Table 7, the p-value of .018 suggests that a
significant difference exists within comparisons of post-hurricane assessment in five

damage levels. Because the p-value is less than the type I error or a level .05, the null
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hypothesis (all the means are equal) is rejected. Although the ANOV A results show that
category-related differences exist in damage assessment, it does not tell us where those
differences lie. Are the differences between no damage and minor damage or between
moderate damage and major damage? Additional post-hoc tests were done to address

this issue.

Table 7. Average connectivity F-score and p-values for “between” and “within” groups.

Sum of Squares df  Mean Square F Sig.

Between Groups 191.917 4 47.979 3.037 .018
Within Groups 3838.339 243 15.796
Total 4030.256 247

The results of the Tukey HSD post-hoc tests are shown in Table 8. The asterisks
(*) indicate there is one pair of groups whose means differ significantly (p < .05) from
each other. The hypothesis test indicated that the only visible relationship was between
none and destroyed, at a .041 significance level and a 3.2422 confidence level. The no
damage sample had the highest mean connectivity, and the reason for high standard
errors for other groups maybe due to small sample sizes. The overall ANOVA showed a
significant difference (p = .018), while the pair wise comparisons yielded only one
difference (i.e., none vs. destroyed) that was strongly significant. Perhaps this is because
the overall ANOV A compares all values simultaneously, thus weakening statistical
power. On the other hand, the post-hoc tests are simply a series of independent t-tests.

The reason for high standard errors for other groups maybe due to small sample sizes.



Table 8. Tukey HSD post-hoc test.
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95% Confidence Interval

f\l) Damaget gJ) Damagi Mean 2|§ference Std. Error Sig.
Ssessmen Ssessmen -5 Lower Bound Upper Bound
Minor 223368 1.20598 346 -1.0808 5.5481
Moderate .81061 1.57983 .986 -3.5313 5.1526
None
Major 4.81061 2.04652 133 -.8140 10.4352
Destroyed 1.64130 .58249 .041 .0404 3.2422
() Damage (J) Damage Mean Difference Std. Error sig 95% Contidence Interval
Assessment Assessment (I-J) Lower Bound Upper Bound
None -2.23368 1.20598 346 -5.5481 1.0808
Moderate -1.42308 1.86321 941 -6.5439 3.6977
Minor
Major 2.57692 227243 788 -3.6686 8.8224
Destroyed -.59238 1.14674 .986 -3.7441 2.5593
None -.81061 1.57983 .986 -5.1526 3.5313
Minor 1.42308 1.86321 941 -3.6977 6.5439
Moderate
Major 4.00000 249107 495 -2.8464 10.8464
Destroyed .83070 1.53509 .983 -3.3883 5.0497
None -4.81061 2.04652 133 -10.4352 .8140
Minor -2.57692 2.27243 788 -8.8224 3.6686
Major
Moderate -4.00000 2.49107 495 -10.8464 2.8464
Destroyed -3.16930 2.01218 515 -8.6995 2.3609
None -1.64130" .58249 .041 -3.2422 -.0404
Minor .59238 1.14674 .986 -2.5593 3.7441
Destroyed
Moderate -.83070 1.53509 983 -5.0497 3.3883
Major 3.16930 2.01218 515 -2.3609 8.6995

* The mean difference is significant at the 0.05 level.

As stated previously, the smallest sample size for major damage and the second

smallest for moderate damage may be due to their close proximity to the destroyed and

no damage or none categories. Perhaps the instrumentation error of the human cognitive

process in assessing hurricane damage can explain such inconsistencies. Therefore, as

presented in the means plots (see Figure 39), connectivity and damage level

significances for all damage groups except no damage or none and destroyed groups

should not be misinterpreted as being similar sample sizes.
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Figure 39. Means plot for the one-way ANOVA.

Permeability Analysis of Port Bolivar

Based on the connectivity measures, Port Bolivar was selected for an in-depth
analysis to reveal possible relationships between various physical attributes of individual
properties that may or may not have had a direct impact on structural elevation in terms
of permeability. As detailed in Chapter III, the permeability rubric was the culmination
of elevation characteristics of surviving houses, which was reviewed in the literature as

crucial in allowing surge to escape. Following the example of Hillier and Hanson (1984),
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convex size can be associated in this case with increasing connectivity to segments of
space, rather than increasing permeability of buildings.

Settlement interface maps more or less convey the permeability of the settlement.
The interface map (see Figure 40) clarifies the fact that the system is shallow from
outside the settlement. Some of the east-west open spaces represent convex spaces that
are as long as axial spaces, allowing uninterrupted movement from the front of the
dwelling to the shore. Thus, they not only provide the place for day-to-day occurrences
or movements within the settlement, but also the direct link between the outside world
and the deepest part of the system.

In order to distill permeability characteristics to predict survival probabilities via
a logistic regression, sample sizes have to be adequate for each group. However, 2x2
cross tabulations will not perform asymptotic significances values for smaller sample
sizes. Therefore, in order to avoid any discrepancies due to lack of significance, a two-
tailed Fisher’s Exact Test for small samples has been conducted. Tables 9 through 13
summarize the Pearson Chi-Square Likelihood Ratio and Fisher’s Exact Test results.
Each contingency table is followed by a bar graph (Figures 41 through 45) that plot the

characteristic counts for survival binaries.



Figure 40. All lines settlement interface map for Port Bolivar neighborhoods.

vel
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Table 9. Crosstabulation for street orientaion.

Asymp. Sig. Exact Sig.

Value d K .
' (2sided)  (2-sided)
Pearson Chi-Square
Likelihood Ratio
Fisher’s Exact Test
. ) . 0.7749
Linear-by-linear Association 77
N of Valid Cases
25 Street Orientation
Lengthwise to access road
Widthwise to access road
| Offset from access
road<access road width
jm Cffset from access
20— road=access road width
- 157
c
3
o]
(&}
107
5=
o
Destroyed MNone

Survival Data

Figure 41. Bar graph showing survival binaries for street orientation.
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Table 10. Crosstabulation for ground elevation.

vawe dr SRy (esidedy
Pearson Chi-Square 10.635*10.669 33
Likelihood Ratio .014 0.01175
Fisher’s Exact Test 8.446 1
Linear by linear Association 77 .004
N of Valid Cases

a. One cell (12.5%) has an expected count of less than 5. The minimum expected count is 3.16.

50— Ground Elevation

Boarded/salid plinth

Exposed plinth

] Column height=average
storey height

] Column height<average
storey height

Count

Destroyed

None

Survival Data

Figure 42. Bar graph showing survival binaries for Ground elevation.



Table 11. Crosstabulation for ground enclosure.
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vae ot “BURYGesided
Pearson Chi-Square 14.301* 17.179 33 .003
Likelihood Ratio .001 0.01456
Fisher’s Exact Test 5.009 1
Linear by linear Association 77 .024
N of Valid Cases

a. 3 cells (37.5%) have expected count less than 5. The minimum expected count is 2.10.

257

207

Count

5

|

Destroyed

Survival Data

Ground enclosure

B Open with columns

[ Columns with a room
] Columns with rooms
M Enclosed with rooms

Mone

Figure 43. Bar graph showing survival binaries for ground enclosure.



Table 12. Crosstabulation for external bracing.
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Asymp. Sig. Exact Sig.
1 f . .
Value  d (2-sided) (2-sided)
Pearson Chi-Square
Likelihood Ratio 0.2057
Fisher’s Exact Test
Linear by linear Association 77
N of Valid Cases
50 External Bracings
Mo bracings
braced at one direction
Braced at opposite direction:
Braced at multiple directions
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L~ 307
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Figure 44. Bar graph showing survival binaries for external bracing.
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Table 13. Crosstabulation for external attachment.

Asymp. Sig. Exact Sig.
Value  df (2-sided) (2-sided)

Pearson Chi-Square 2.167* 33 538

Likelihood Ratio 2.111 .550 0.5417
Fisher’s Exact Test 1

Linear by linear Association .033 .836

N of Valid Cases 77

a. 3 cells (37.5%) have expected count less than 5. The minimum expected count is 1.05.

30— External Attachments
Bl No attachments
B Front patio/deck
O Rear or side patios/decks
B Wraparound Varendha
207

Count

Destroyed None
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Figure 45. Bar graph showing survival binaries for exteranl attachment.
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Logistic Regression for Ground Elevation and Enclosure

Exact values for Ground Elevation and Enclosure are the only significant
characteristics in the rubric (0.01175 and 0.00145 respectively). Therefore, logistic
regression only investigates these two for probabilities of survival. To a certain extent,
both lack a sufficient number of cases in the sample. Utilizing non-random sampling for
the Port Bolivar permeability analysis could justify statistical insignificance for the other
three groups.

ea+bX

1+ ea+bX

Because logistic regression makes no assumption about the distribution of the
independent variables, categorical data in each group can be easily be checked for
tendencies. Where P is the probability of 1 (the proportion of 1s, the mean of Y), e is the
base of the natural logarithm, and a and b are the parameters of the model.

The purpose of running logistic regression for Ground elevation and enclosure is
to obtain significance (p) associated with constant values (B) (see Table 14). These p
values tend to be conservative if the sample size is limited or the sample is not sizeable.
In this instance, the p value associated with the constant exceeds 0.05 or alpha. This p-
value is not especially informative. One of the remaining p values is less than 0.05 or
alpha. These p values reflect measures that differ significantly between the two groups.
However, irrespective of p value all $ values are important in calculating survival

probabilities for Elevation-Enclosure combinations.
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Table 14. Logistic regression for significant permeability groups: ground elevation and enclosure.

Variables in the Equation

B S.E. Wald df  Sig. Exp(d)
Step 1* Elevation 2.852 3 415

B, Elevation (1) -.635 1.082 444 1 .557 .630

B, Elevation (2) 463 1.136 .166 1 .683 1.589

B3 Elevation(3) -.236 1.137 .043 1 .835 789
Enclosure 4.750 3 .191

Bs Enclosure (1) 933 958 .950 1 .330 2.543

Bs Enclosure(2) 21.140 16302.252 .000 1 999 1.517E9

Bs Enclosure (3) 2.367 1.086 4.750 1 .029 10.662

By Constant .014 1.038 .000 1 .989 1.015

a. variable(s) entered on step 1: Elevation, Enclosure.

Because of high standard error (>16302) ground enclosure two (exposed plinth) is
suspect. Due to the standard error for the exposed plinths associated with these houses,
the estimated probability of survival is likely to be lower. Table 15 gives the results of
the test combinations of ground enclourse and ground elevation group elements for
survival probabbilities. For the interpretation of logistic Table 15, the estimated
probability of survival for a house with ground elevation one and ground enclosure one
can be predicted as 0.62%. As apparent in the table, even though ground enclosure two
is suspect, the highest probabilities for survival lie in the interactions of ground elevation

and ground enclosure two.



Table 15. Logistic function of survival probabilities.

Ground enclosure

Enclosure[1]B, | Enclosure[2]Bs | Enclosure[3]Bs | Enclosure[4]B,

Ground elevation
Elevation[1]p; 0.624 41.038 3.492 -1.242
Elevation[2]; 3.76 43.243 5.688 0.954
Elevation[3]; 1.422 41.836 4.29 -0.444
Elevation[4]B, 1.894 42.308 4.762 0.028
Conclusions

Historically, Hurricane Ike is considered one of the most devastating hurricanes
to have made landfall on Bolivar Peninsula. This catastrophic event created a more
complex dynamic for hurricanes vs. settlements. First, it oversimplified the magnitude of
the destruction to built environments in terms of the massive numbers. Second, it
brought to light the hidden or unknown spatial underpinnings of transaction between
natural events and built fabric at both the settlement and dwelling levels. Simple fluid
dynamics authorizes behavior of surge flow from high to low pressure zones. Depth,
connectivity, and the layout pattern of open spaces alter surge flow. Built mass, ground
elevation, and structural integrity of the properties manipulate surge flow.

A nexus between connectivity of open space network and hurricane damage from
surge does exist; flood escape routes do get affected by built masses and specific spatial
and built characteristics of settlements and houses, which are their building blocks.
Typical gridiron patterned road arteries established by early Spanish settlers still plays a
significant role in the intercoastal transportation system and in the local and global

movement systems of Bolivar Peninsula. While no damage and destroyed damage levels
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directly deal with settlement syntactic analysis, the minor, moderate, and major damage
levels suffer from small sample sizes. The only significant groups in the permeability
rubric, ground elevation and enclosure, also exhibit a similar statistical relation to
survival binaries. The high standard error for ground enclosure two, the exposed plinth
(Bs), makes statistical significance for its combinations with ground enclosure suspect.
However, given the high number of variations between the results used to calculate the
mean value for the Broadway Avenue sample (due to the small sample size for ground
enclosure two), the mutual impact between a group and a group characteristic cannot

simply be ignored.
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CHAPTER V

CONCLUSIONS AND SIGNIFICANCE OF THE STUDY

There can be no vulnerability without risk; there can be no community without

vulnerability; there can be no peace, and ultimately no life, without community

(Peck, 1987, p. 233).

No doubt, people know how to build their abodes to compliment not only their
socio-cultural environment, but also to make the best out of the climatic conditions in
places where they live. However, they often compromise in planning, designing, and
constructing their settlements and abodes due to several economic and non-economic
reasons. Economic reasons are more obvious than non-economic reasons such as the
euphoria of being integrated or accepted into a mainstream planning and building
precinct. What is enigmatic about the spatial-aspatial dialectic among different abodes in
spontaneous settlements is may be their dynamic response to extreme natural events.
Therefore, an objective evaluation of such responses could be conducive to the processes
of grounding complex concepts pertaining to abstract yet experiential idioms of
spontaneous settlements as well as their responses to adverse environmental conditions.
Thus, the degree of precision does not depend solely on the processes and procedures,
but also on the basic assumptions by which such processes and procedures are
assembled. Therefore, the conclusions presented by this study should be looked at as an
antidote for a phenomenon which is ever changing and which offers a challenging set of

diverse opportunities.


http://thinkexist.com/quotation/there_can_be_no_vulnerability_without_risk-there/339057.html
http://thinkexist.com/quotation/there_can_be_no_vulnerability_without_risk-there/339057.html
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Conclusions for Policy

Like any other strategy of human survival, disaster coping tactics are the result of
a long-term give and take process. On the other hand, post disaster recovery has always
been presented as a conglomerate of financial burdens on displaced people, taxpayers,
non-profit organizations, and state and federal governments rather than a wakeup call for
rethinking development and revisiting sustainability. One reason for this may be that
development in disaster-prone areas and a tacit knowledge of spontaneous settlements
has not been looked upon as something that can be analyzed in a sustainability
framework. While mortality rates and economic losses are at the forefront of disaster
statistics, recovery funding is the devil’s advocate. Assigning a monetary value to
economic gain from tacit knowledge in the rebuilding stage of the recovery process is
not as straightforward as allocating value for market-based standardized methods used in
conventional rebuilding systems. Nevertheless, the question is whether to let people to
continue to live in disaster-prone, environmentally sensitive areas, or to turn disaster
damage into something constructive and remove or control the growth of such
settlements through planned relocations and resettlements. Furthermore, regardless of
their intuitive tacit wisdom, locals do not always prepare for the worst-case scenario.

In the broadest sense, this study should not be taken as an excuse to continue
exploiting hazard prone locations that are intended ecologically for natural disaster
absorption or mitigation purposes. The development and growth of barrier islands like
Bolivar Peninsula and Galveston are a prime example of repercussions from

overambitious spatial planning and tactless spatial polices. Such planning and policies



146

spontaneously produce massive scale urban agglomeration along with all the
implications associated with such building patterns. Therefore, the strategic replacement
of identified urban blocks that can be severely affected by natural hazards with spongy
open areas for disaster absorption should be imperative to any post disaster recovery
agenda. The same theory could be applied to suburban or rural areas with urban
characteristics similar to Bolivar Peninsula. The acknowledgement and recognition of
human settlements that have survived decades of natural hazards because of their unique
design and technical wisdom should not be used as a defense for urbanization of sites
vulnerable to natural hazards. Moreover, what is crucial about this phenomenon is its
vulnerability to severe misinterpretations as an obstacle for urban growth. Even though
almost every disaster study critically analyzes the causal relationships of the disaster-
damage dichotomy, most fail to include specificities for revitalizing eco-sensitive coastal
urban areas. In particular, they fail to take into account where protecting
environmentally sensitive land parcels from further exploitation should stand in the post

disaster rebuilding process.

Post-disaster Housing on Bolivar Peninsula

FEMA endured numerous critiques and disparate discourse on federal
(government) lethargy over Hurricane Katrina post-disaster management. However, in
the wake of the Hurricane Ike catastrophe, FEMA appropriately disseminated four
different types of housing needs assistance. By looking at the following housing

assistance schemes, one may easily conclude that different types of assistance programs
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tailored to address different levels of damage and housing needs are comprehensive
enough to take the situation under control. First, temporary housing provided financial
assistance for a specific, limited time so that people could rent an alternative place to
live or in absence of suitable rental properties, a government provided housing unit.
Second, FEMA disbursed funding for homeowners to repair their damaged primary
residential units that were not covered under any type of insurance scheme. This
category of assistance focused on properties under minor or moderate damage. In
addition, it also addressed the immediate basic needs issues pertaining to making the
damaged home safe, sanitary, and functional. The third type of assistance accommodated
all other damage levels, including properties with major damage and destroyed
properties; these were served under replacement assistance. Furthermore, FEMA
provided funding to replace uninsured damaged homes with new ones, but the policy
was not specific about whether or not the assistance facilitated full reconstruction costs
for replacement housing. Fourth, the direct assistance or monies for permanent housing
construction occurred only in insular areas or remote locations identified by FEMA
where no other type of housing assistance was possible. However, three years after
Hurricane Ike, many settlements still have as much as 30% of the housing blocks in need

of either major repair or replacement housing.

Conclusions for Practice
Survival maybe contextual, but the Bolivar survival formula ascertained

conclusive understanding of the potential for utilizing tacit knowledge in post disaster
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rebuilding. Results from the syntactical analysis revealed people’s implicit awareness of
where to build to reduce the impact from extreme natural events, as shown by traditional
settlements in seismic-prone Turkey. However, the syntactical analysis revealed that,
even though the most of the survived houses were built in areas where the connectivity
was high, this relationship was not conclusive for Bolivar settlements. Moreover, it is
possible that gridiron access roads and associated open spaces established by early
Spanish settlers of Bolivar Peninsula contributed to surge permeability among these
settlements. From the urban planning perspective, this may support integrating open
spaces to make an interconnected system for more uninterrupted escape routes and better
options for surge permeability. Different levels of integration among different sizes of
open space systems might even give different results for surge escape. Because they alter
the intensity of wave action related surge damage, Bolivar Island has proven that open
spaces adjacent to the shoreline are crucial not only for survival of the seaward
settlements, but also for the landward settlements. The bulk of the debris load that
intensified the surge force was created in such locations. Except for structural frames,
the wall claddings of vernacular coastal settlements in many parts of the world are
constructed with flimsy organic materials that can easily soak up the water from the
surge. As a result, the debris load associated with the surge force becomes less or even
nonexistent. In contrast, the permeability analysis for Port Bolivar revealed minor
significance for landward settlements in terms of debris load. Irrespective of its small

sample size, the elevation characteristic with the highest potential for debris creation,
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external attachments, did not furnish significant data in the descriptive statistics for
survival probabilities.

As confirmed in the research literature, local knowledge is not always effective if
communities are not prepared for the consequences of the trial and error approach to
rebuilding. Furthermore, the unpredictability of the severity of future disasters often
leaves people with limited options, including readily available solutions from standard
practices and existing building codes. In addition to increasing severity, increasing
frequency of natural hazards also challenges the ability of local experts to recover with
limited ways and means. In many situations, the additional time needed for local
knowledge to adjust and settle for recovery process is not available. On the other, it takes
considerable time for local knowledge and practice to accumulate and to be disseminated
among the various people of an affected community. Arguably, houses in Port Bolivar
that are 70 years or older have demonstrated strong survival capacities because they only
needed a few cosmetic repairs to external siding after severe surge attacks during
Hurricane Ike. This is particularly valid for the cottage type houses on wooden logs a
few feet high or the “Old and Gold” houses detailed in the following Semiotics of
Survival section. The cottage type has proven to be the most surge resilient in landward
settlements, but the houses elevated on wooden columns with no or a very few partitions
are generally considered the most successful in allowing the surge to flow through.
Similar houses in many parts of the world, including marano houses found in the flood
prone villages of the Philippines, display more versatility whether they are located

landward or seaward. In contrast to heavily intricate living compartments on the elevated
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upper floors or decks, the shear bulkiness of simple and crudely finished wooden logs or

columns assures the least obtrusive ground spaces and structural stability.

Syntactical Analysis and the Permeability Rubric

As evident in this study, the properties from the areas where ample open spaces
are integrated to provide movement and connections through an uninterrupted open
space network were less vulnerable to surge associated hurricane damage. This
relationship was particularly strong for survival extremes: no damage and destroyed
categories. However, it was less significant for statistical interpretations for minor,
moderate, and major damage levels. It is possible the sample sizes may be too small for
these categories. Similar patterns of results were demonstrated in specific built
characteristics pertaining to permeability of survived houses in the Port Bolivar
neighborhoods. Out of five groups of surge permeability features, only two groups
strongly demonstrated higher probability percentages for survival during surge attacks
form hurricanes. All elements of the group ground elevation portrayed a direct
association to statistically significant survival rates, but when combined with ground
enclosure, only the characteristic columns with a room (Bs) showed considerable
significance. However, the survival probability function of logistic regression furnished
valuable insight to myths and truths about local knowledge. Perhaps, not all ways and
means demonstrated in self-built or locally built structures are hurricane resilient or least
crucial when rebuilding after hurricanes, but they help provide insights when deciding

what not do in future post hurricane recovery processes. Because this study does not
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cover cost benefit analysis, especially for financial gains and losses, even less significant
built characteristics of the studied settlement should not be taken lightly. Once stripped
of heritage clichés, esoteric underpinnings of spatial-aspatial dynamics are easy to
interpret in economic terms than in aesthetic terms.

Different modes of Hurricane Ike damage assessment, including this study, have
shown similar but different degrees of significances regarding building elevation and
surge permeability. Furthermore, recent hurricane history has indicated that the
numerous storms in the past few years that approached various parts of the Gulf Coast
had surge levels much higher than the estimated 1.0% probability per year (100-year
return period) surge levels. The most devastating hurricanes of the last decade
(Hurricanes Ike, Katrina, and Ivan) had surge levels that were well above the expected
annual Base Flood Elevation (BFE). In light of these events, it is appropriate for
FEMA'’s National Flood Insurance Program (NFIP) to structure incentives to encourage
more people to build above the BFE by several feet and preferably above the 0.2%
annual probability for surge level (500-year return period). When all of the homes in a
subdivision or community are essentially built at or below a single elevation, the risk
that the entire area will be destroyed by extreme storm surge is greater. The current
efforts of the Army Corps of Engineers and FEMA to remap surge inundation height
around U. S. coastlines may produce new requirements for both 1.0% and 0.2% annual
probability for surge level. The results of this research may also guide locals and
builders to install decks at an elevation above the BFE, unlike some of the existing

constructions where the decks are at the lowest habitable space. The second highest
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survival probabilities for ground elevation and enclosure combinations were exhibited
for enclosure two, in which the column heights were greater than average story height,
which objectively support the recommendations of the federal agencies.

In some cases, residents had moved their homes up an additional eight feet; this
helped the houses withstand the possible 21-inch surge plus wave height that came with
Hurricane Ike successfully. This was the case for the majority of the elevated wooden
coastal structures on Bolivar Peninsula, and the evidence shows that it only took a few
feet of water above the BFE to wipe out all homes built at or slightly above the
minimum BFE requirements. Structures on Galveston Island also exhibited a strong link
between survival and destruction and building elevation, although it was not as striking
as on Bolivar Peninsula. Areas further from the Gulf of Mexico also showed
considerable significance in this link. While a considerable number of buildings
uniformly survived at higher elevations, noticeably some buildings at low elevations also
survived including some at-grade homes built just above sea level. Along the edge of the
Gulf of Mexico, the surrounding ground level infrastructures (e.g., sheds) were
destroyed and subsequently swept from the area. Near the Intracoastal Waterway, more
than 1.2 miles from the open Gulf, there were some houses that survived even when
completely inundated. Flimsy objects like picket fences and plastic netting also survived

inundation.
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Semiotics of Survival

Hurricane resiliency should not be oversimplified into a permeability rubric or
dwelling typology. Conceivably, the complex and contradictory forces of human
creations can cause havoc during situations such as hurricanes, which are beyond human
comprehension and control. Although often incomprehensible to scientific wisdom,
certain versatile disaster responses of what are commonly identified as folk, vernacular,
indigenous, traditional, or spontaneous settlements are often temporary or instantaneous
responses that disappear along with the peak of the event itself, thus leaving no residues
for measuring and recording. Therefore, researchers may only be able to analyze the
enigmatic residues of such reactions and responses. Perhaps the possibility of missing
the essence of transactions between hazards and the milieu of man-altered physical
fabric is greater than capturing it. The premise here is the generally accepted notion that
the easiest possible access to the highest amount of rigorous field data from a disaster-
stricken area is directly proportional to the time elapsed after a disaster event. However,
after a certain time, this relationship becomes either constant or inversely proportional
(see Figure 46).

Obtaining accurate measures for in-between damage levels such as minor,
moderate, and major is rather difficult because people tend to modify their houses either
to make them habitable for further occupation or to qualify for insurance and FEMA
assistance. Therefore, once the initial debris cleanup is done and the basic infrastructure

is in place, the rigor and the access to data diminishes after an indefinite time. However,
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there a correlation exists between this indefinite post-disaster time lapse and the

reestablishment of habitability among settlements.

>

«
~—

<

S N

2

721

<
2z

=

o

~—

[72]

n

Y

&

&

<«

Rigor

Figure 46. After an indefinite time, the rigor of disaster data decreases as time passes and access to data
increases.

The typologies presented here are not generic, but are representative prototypes
or models of pre-disaster dwellings that have undergone severe post-disaster
ramifications. The permeability rubric facilitated distilling different permeability
characteristics and their combinations in order to analyze representative abodes for
varying resilience. An evaluation of the degree of each type of abode’s resiliency
characteristics is an amalgam of convex-axial in syntactical analysis and descriptive
analysis in the permeability rubric. The representative names are reinterpreted versions
from the casual identifications inhabitants used to differentiate houses of different ages,

except for the “hill escape” type of house.
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Hill Escape

The “hill escape” type of house is the most contemporary response to protection
against hurricane-surge attacks, as well as one of the most extreme responses. This
approach alters the existing topography drastically by raising the ground elevation from
10 to 16 feet above existing ground level. Few houses have this capacity, and this
approach was found the least in the entire Bolivar housing block. Inherent to this
typology is putting up a typical suburban house without considering the prevailing
environmental conditions or addressing such conditions at an arbitrary level. This is no
better than an afterthought and is a result of incomplete design and planning often found
in tract housing. Most of these houses are larger than the average house found in Bolivar
neighborhoods and are relatively new constructions. Both the exterior and interior
finishes display professional or hired labor skills than self-built skills. Typically, these
houses have an entrance lounge with wrapper-round verandas, three to five bedrooms, an
open plan living-dining-kitchen arrangement, one to three garages, several restrooms,
attic space, and many auxiliary rooms. Semi or full basements are not common in this
category, although a very few had small underground storage units or wine cellars.
Multi-tiered roof formations with several skylights or roof windows are also
characteristic of these houses. Some of those roof cutouts are mere architectural features
or “roof volumizers” and have no connection to interior spaces. In some cases, they are
asymmetrically placed to maintain consistency of architectural facade, but still provide
natural light to attic spaces. If they are operable, as in a few cases, they provide both

light and ventilation. Because these houses are on artificially created hills, orientation is
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usually central and clearly visible from all four sides with a statement like appearance. A
ramp that runs to the main entrance creates a wide flat platform enabling convenient
vehicular access and connecting the yard area in front of the main entrance with a
garage. Some public buildings including the United State Postal Services building had
more than one ramp to ensure an uninterrupted flow of vehicular traffic in and out of the

area. Figure 47 illustrates a “hill escape” type of house.
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Figure 47. A “hill escape” type of dwelling.

Buddy System

The “buddy system” type of house is the second least prevalent, after the “high
and dry” house. Two sheltering or dwelling units coexisting with different operational
systems that are heavily dependent on hurricane season are characteristic of this type of
house. Highly contrasting facade appearances as well as ground arrangement of the two

units are striking features of this type. While the unit with the larger footprint usually
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accommodates the typical residential functions, the smaller unit usually provides storage
facilities during the non-hurricane period of the year. A rectangular hurricane or refuge
house is often oriented at a right angle to the main house. The interface between the two
units is often demarcated by an open staircase that leads to the deck or small
entrance/landing of the hurricane house. The vertical circular staircase of the smaller unit
always has an uninterrupted physical and visual connection to the entrance of the main
house; either it is in line with the main entrance or easily accessed without in-between
spaces or barriers such as fences, vegetation, or different levels. Elevation of the smaller
unit or rescue house usually exceeds typical story height. Ownership of this type of
house is not very clear; it may belong to a single owner, several owners, or members of
the extended family. The house’s intended performance and operational procedures are
only fully realized during hurricane season. During the rest of the year or season, these
usually served as storage units. Some of the common features of the “buddy system”
house include a sound structural system, simple spatial arrangement, easy access, and
strategic orientation in relation to the main house. The exposed columned-ground floor
of the hurricane/refuge unit sometimes houses fishing or leisure boats. Unlike the main
house, the refuge unit is relatively uncrowded; cars parked in close proximity to these

units were hardly noticed. Figure 48 illustrates the “buddy system” house.
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Figure 48. A “buddy system” type of dwelling.

Enough evidence existed to conclude that the immediate surroundings of the
refuge/hurricane unit were intentionally kept as clutter-free as possible to ensure a
smooth transferring of goods and items from the main house to the hurricane house in
order to rescue them from hurricane damage. The main reason for keeping the hurricane
house and its surroundings tidy is to be able to monitor threats to the structural integrity

of the dwelling so that repairs can be completed without risk of structural failure.

Old and Gold

The “old and gold” dwelling is the most common type of residence along
Broadway and Madison Avenues in the Port Bolivar neighborhoods. Most of these
houses are more than 75 years old and are remaining pieces of typical South East Texas
houses; they also are the smallest in square footage. With few exceptions, the majority of
these houses are single story buildings unspoiled by the lavishness of contemporary
suburban living. These houses usually have a simple square plan layout, elevated on
heavy hardwood logs two to four feet above ground, a wide front porch that runs

throughout the front facade, an equally divided colonnade of four to six columns, and a
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steep hipped or gable roof. Many houses that belong to this category constituted separate
structures dedicated to variety of functions including storage of fishing and yard
maintenance equipment, covered parking, workshop facilities, and occasional secondary
accommodations. Some houses may have wooden latticework covering the heavy timber
thresholds that elevate the house above surge damage and various other climatic
conditions. These lattices are primarily aesthetic in nature instead of serving as safety
features, but they do prevent dust and debris from entering under the ground or first floor
slab. They also make the underneath space less accessible to domestic animals and strays
that could die under the house or leave waste behind. The front fagades of a few houses
have a false two-story appearance created by windows in the concealed area between the
front porch-colonnade and gable end. Most of these windows are not operable and are
not associated with a mezzanine or attic level. Typically, the main door is aligned with
the entrance steps and a wooden gate that also makes up a small portion of the handrail
of the front veranda. Generally, road frontage is wide open with no landscaping, keeping
the unobstructed yard area between the access road and street front of the house. Usually
they have a considerably bigger backyard that allows the smaller front yard to merge
into the access road, creating a continuous stretch of open space along the road. Figure

49 depicts the “old and gold” house.
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Figure 49. An “old and gold” type of dwelling.

High and Dry

The “high and dry” type of dwelling is one of the most sensitive socio-cultural
productions of space as a response to extreme local climatic conditions. It is also the
least prevalent type of house on the Bolivar Peninsula. Even though a few of this type
alter the existing ground level by creating an earth platform to receive first/ground floor
columns, the artificial elevation is insignificant when compared with the “hill escape”
houses. Island-like enclosed rooms among columns on the first/ground floor are
characteristic of this type. However, first floor partitions are less structurally sound than
those found on the second floor. These flimsy partitions are justifiable as they are
created for temporary storage or occasional workshop facilities, and are used primarily
to provide shade from sun. Another key feature of these houses, column bracings or
column anchors, make them more structurally intact. These are located approximately

two to four feet below the level of the second floor slab, and serve to prop and tie
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columns with the upper floor. The majority of these bracings are on either opposite
directions or two adjacent directions at corners; multi directional bracings were rarely
seen. A freestanding staircase connecting to a wide upper floor deck creates a
transitional space between the main entrance and staircase landing. More than one
staircase and wraparound balconies make spacious additions to these houses. Similar to
the “old and gold” houses, a wooden gate matching the handrail is always present at the
top of the staircase. A recently constructed house had a roof opening similar to a sky
light, roof window, or sun tunnel connected directly or via secondary space to a
mezzanine or attic level.

Usually, the “high and dry” houses have a paved ramp way that connects to any
convenient and unobstructed entry to the first floor rather than connecting to the stairway
to upper floors. Even though all the habitable places are on upper floors, this feature
signals a strong presence of a ground floor that is not a merely used for storage, but
serves as a transitional space to both indoor and outdoor areas. The houses with wide
wraparound verandas create a safety envelope around the habitable spaces of the upper
floor while providing shade and additional covered areas for the ground floor. In
addition, windows on the upper floor receive are shaded by the veranda roof overhang.
The ensemble of veranda and overhang also acts as a cushion for strong winds. Figure

50 illustrates the “high and dry” house.
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Figure 50. A “high and dry” type of house.

Modest yet Mighty

Not only does the “modest yet mighty” type of house represent the most common
dwelling type on Bolivar Peninsula, also it represents the majority of structures that
survived Hurricane Ike. An elevated floor on freestanding columns roofed with a steep
hipped or gable roof is distinctive to this type. This development may be due to the
accumulation of trial and error outcomes from cross-generational experimentation with
hurricane resistance or survival at minimum socio-economic cost. Unlike other types,
only a few variations of this type of house are seen in Bolivar neighborhoods. Even these
few variations are restricted to a similar arrangement of upper floor balcony, overall
dwelling size, direction, and orientation of staircases, and skylights or roof windows on
the roof. The basic plan for this type of house is either a square or a rectangle. The
rectangular houses are more common and often oriented lengthwise to the access road.
They may have four different balcony arrangements: front, front, and rear, three-sided,

or wraparound. Front balconies are most common, and windows can be seen in all walls
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in the wraparound scenario. Handrails and balustrades often seek support from ground to
roof columns. In some cases, the column bracings or props that tie columns to the upper
floor slab can only be seen among the peripheral columns. Because these houses lack
partitions dividing rooms at the first floor level, most of the ground/first floor has no
paving or floor slab. In a few cases, only the foot of the staircase is paved to protect the

wooden footings of stairs. Figure 51 depicts the “modest yet mighty” house.
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Figure 51. A “modest yet mighty” type of dwelling.

The intermediate landing of the staircase can often be accessed from opposite
directions. This creates a somewhat distinguished look as well as adding symmetry to
the simple spatial organization. Even though most of the roof windows are not operable,
they correlate to an attic or mezzanine floor arrangement. Most of the houses accompany

separately built structures for workshop facilities, garages, or storage for fishing
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equipment. Typically, these are located to the side of the dwelling units rather than in the

front or rear. Occasionally, attachment roofs were used as shelters for boats or RVs.

Significance of the Study

Perhaps, findings of this research may able to address a narrow domain of
sustainability issues for vulnerable communities. Such issues might include people’s
desire to preserve their settlement identity, equitable social treatment, and an agreeable
or justifiable timeline for rebuilding during the post-disaster recovery phase.
Nonetheless, mitigating the effects of extreme natural disasters is difficult, especially
when increasing natural hazards and decreasing direct funds for recovery leave few
options. A holistic understanding of the complexity of disaster phenomena enables
effective and wise disbursement of recovery funds. The existing body of sustainable
disaster recovery research found distinct faults with current construction methods and
materials, and proposes that these be replaced with state-of-the-art technology and high-
tech building materials. Noticeably, a few of these research outcomes have ended up in
building codes as revisions or addendums to existing regulations. In addition, the limited
research on sustainable recovery either emphasizes the social aspects of recovery such as
lack of community participation, dysfunctional organization, or methodological errors in
implementation, or economic restrictions due to limited availability of funds and
corrupted channels of fund distribution. Little research has been done regarding attempts
to learn from the disaster stricken sites in order to generate more grounded solutions.

Spatial configurations of spontaneous settlements have never been a consideration for
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sustainability in majority of the studies in the field. Therefore, this research is intended
to broaden the existing knowledge base by extending disaster inquiry into objective
evaluations of the behavior of open spaces during hurricanes. Three factors of
significance in this study answer the questions of social justice, speedy recovery, and of
place character/identity for the spontaneous settlements under inquiry. The findings of
this study highlight three critical areas. First, there is a need to develop a system to
evaluate spatial attributes of rural spontaneous settlements with subtle urban
characteristics. Second, there is a need to assign objective values to the socio-cultural
production of space and place. Third, there is a need to capitalize on local disaster

resiliency strategies to concretize long-term sustainability.

Place Identity

In many theoretical and clinical circles, it was often questioned whether
providing or enabling structurally sound hurricane resistant houses in places like Bolivar
Peninsula would address the problem of hurricane survival. Most of the solutions take
elaborate approaches that alienate physical context from socio-cultural variables.
Justification is necessary to avoid complicated value assessment of disaster stricken
settlements through an optimization of objective post-disaster reconstruction procedures.
This study proposes and uses methods that assign operational values to products of
human habitations that enable systematic and generalizable procedures for macro scale

while acknowledging individually driven rebuilding efforts.
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Aftermath of a natural disaster provide ample opportunities to preserve the
unique characteristics of the locality. Maintaining place identity for unhindered
continuation of material cultures is strongly supported by different theoretical points of
view and in numerous disciplines. Place identity can help to provide a sense of stability
and continuity. Old buildings furnish evidence of history and permanence. People like to
know not only where they are, but also “when,” as well as how “now” relates to the past
and the future. Space and time together are two of the major dimensions within which
we live (Lang, 1994). A community-based approach to relief distribution and rehousing
has not only proven successful, but also has greater potential to preserve the unique
characteristics of the locality (Cuny, 1988). Rehousing that is based on local planning
and skills while utilizing indigenous knowledge and appropriate technology has the
potential to preserve place character (Miculax & Schramm, 1988; Rawal & Desai, 1994).
However, introducing alternate systems or modern conveniences to traditional settings
that are completely alien to local character may amplify the disaster damage (William,

1977; Karenga, 1992).

Social Justice

Resource-based disparities among different levels of social stratums become
more evident in disaster situations. They often comprise the most politically imperative
as well as sustainably decisive part of the recovery effort, which usually demands
immediate attention. However, as also evident in this study, standardized solutions act as

separators rather than social levelers. Acknowledging the building skills and practices of
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disaster victims and employing them in the post-disaster rebuilding process can
potentially addresses an important part of the social justice area. Disaster stricken
communities should not feel that they are passive recipients with no control over their
post-disaster conditions. It is important that they be included as active participants in
future growth and sustainable resilience. This notion is widely established in many
academic spheres that not only strive to understand human instrumentation, but also seek
ways to empower social equity in resiliency building process.

Many dimensions of mass disasters, including their causes and recovery
processes, reflect profound ecological and social injustices (Ozerdem, 2003).
Communities with significant social and economic disparity tend to be more vulnerable
to the effects of disasters; indeed marginalized populations face greater challenges than
do their privileged counterparts in terms of disaster recovery (Harrell & Zakour, 2000;
Kaiser Family Foundation, 2007; Morrow & Peacock, 1997). This suggestion certainly
holds true in the case of Hurricane Katrina in New Orleans; a city besieged by
environmental, social, and economic imbalances even before the landfall of the massive
storm and subsequent levee failures of August 2005. By employing methods grounded in
the insights of sustainable disaster recovery as well as critical discourse analysis,
practitioners and scholars can uncover the political, economic, and cultural hegemonies
that perpetuate injustice (Kincheloe & McLaren, 2000; Smith & Wenger, 2006). This
study examined leveling of prevailing social disparities via recognizing and employing
resiliency characteristics that may present in these settlements during the recovery

process for positive social change.
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Speedy Recovery

The resiliency-sustainability spiral developed as the core constituent of the
theoretical underpinning for this study strongly suggests that speedy recovery leading to
the return to normalcy is essential to long term resiliency against recurrent natural
hazards (see Figure 52).

Resuming normalcy for sustainable recovery is a core finding of this study.
Therefore, elevating coping to a higher degree is probably the single best way to achieve
sustainability for marginalized communities. The time needed for a disaster-stricken
community to return to normalcy is decisive to sustainable recovery. Funding, which is
the most critical factor of post-disaster rehabilitation and reconstruction, is significantly
supported by recoverable damage as well as the use of easily replaceable and locally
available materials and skills. The less stress placed on required funding, the faster the
recovery -- provided the affected community is eager to reoccupy their settlement under
available external support. However, external systems sometimes consume considerable
time to establish in an unfamiliar locality where basic infrastructures are non-functional.
In contrast, local systems are often ready to mobilize and are versatile enough to adapt

altered conditions to their advantage.
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SUSTAINABILITY

return to normalcy

MAMNAGELE DAMAGE
DIBATER RESILIENCY

ECONCOMIC RECOVERY

EMOTIONAL RECOVERY

Figure 52. Resiliency-sustainability spiral.

Furthermore, resuming their lives in their respective homes simultaneously
contributes to reinstating a displaced community to their former livelihoods.
Subsequently, this may lead to vital reestablishment of the local economy. The research
that supports speedy recovery as a mandatory step on the recovery ladder also
emphasizes the economic counterpart of the emotional recovery. Arguably, the strongest
detriment to emotional recovery for affected groups after an extreme event is economic
recovery. A settlement formed with units whose construction and maintenance costs are
within the affordability limits of its occupants causes less financial damage and the

emotional recovery process is also relatively fast (Bolin, 1982; Bolin & Stanford, 1991).
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Damage assessment key (cont.)

Concrete Slab Yes Yes Gabled Wood Shingles
Pier & Beam Mo Mo Hip Composition
Shinglas
Wood Piers Flat Tile
Other Other Metal
Other
-9999 -9999 -3999 -9999 -9999

12!



Damage assessment key (cont.)

Brick Veneer Yes
Wood Frame  No
Composition

Stucco

Concrete
Blrrks

Ashestos
Brick & Wood
Stone

Other

-9999 -9999

Mone
Minor {slight lean or shift)

Moderate (raking/twisted, partial collapse)

Major (partial collapse, lifted or shifted off

Friindstiani

Destroyed (total collapse, structural failure)

-9999

None

Minor (up to 108 roof covering/shingles missing)

Moderate (up to 50% roof covering/shingles missing)

Majar (majority of sheathing exposed, and some holes or breaches)

Destroved (roof partially or fully missing/trusses exposad)

-9999

G81



Damage assessment key (cont.)

None

Minor {up to 10% exterior cover missing/loose. Fascia/soffits damaged)
Moderate (up to 50% exterior cover missing/loose, fascia/soffits damaged)
Major (majority of exterior cover missing, framing visible)

Destroyed (exterior cover gone, damage to framing)

-9999

981



Damage assessment key (cont.)

Yes None

None
Mo Minor (some fence downed, some missing tree branches, very litte brown vegetation) Minor
Not Applicable Moderate (all fence downed, all trees mising branches, some browning/dead vegetation) Maoderate
Major (all fence downed, some saller trees uprooted, most vegetation dead) Major
Destroyed (all fence downed, all trees uprooted, no living vegetation) Destroyed
-9999 -9999 -9999

Yes

Na

Unknown

-9999

L8I



Damage assessment key (cont.)

Yes Mobile Home Yes Yes Yes fes fes

No RV or Camper Mo Mo Mo MNo Mo
Other Unknown Unknown Unknown

-9999 -9999 -9999 -9999 -99949 -9999 -9999

881



Damage assessment key (cont.)

Yes Yes Yes s Yes
Mo MNo Mo Mo No

Mot Applicable Mot Applicable Mat Applicable
-9999 -9999 -9999 -9999 -9999

681



Damage assessment key (cont.)

Date Assessed in 2008

Person that Surveyed in 2008

Mumber of Floors (2008)

Number of Units (2008)

DATEDS

SURVEYOROS

Num_Floors

Num_Units

061



Damage assessment key (cont.)

15 unit & mobile/manufactured home? Foundation Type Elevated Structure? Estimate of Elevation Height (in Feet) Roof Type Roof Material | Exterior Type
STR_Mobile STR_Found STR_Elev STR_RoofType STR_RoofMat| STR_Finish DAM_Type
YES CONCRETE SLAB  YES GABLED WOOoD BRICK VEMEER WIND
SHINGIFS
NO PIER & BEAM NO HIP COMPOSITION |\yo0p FRAME  FLOODING
SHINGLFS
WOOD PIERS FLAT TILE COMPOSITION BOTH
OTHER OTHER METAL STUCCO MNEITHER
OTHER CONCRETE
BINCKS
ASBESTOS
BRICK & WOOD
STONE
OTHER
-9999 -9999 -9999 -9999 -9999 -9999 -9999

161



Damage assessment key (cont.)

Percent of Structure Visible/Accessible

General Damage Type

Evidence of Flood Damage?

Estimated Depth of Water (INCHES)

Depth Verified by Homeowner?

DAM_Flood

DAM_Verify

DAM_Over

DAM_Roof

DAM_Ext

YES

NO

-9999

YES

NO

-9999

MONE/SUPERFICIAL
MINOR

MODERATE

MAIOR

DESTROYED

-9999

NOMNE/SUPERFICIAL
MINOR
MODERATE
MAJIOR

DESTROYED

-9999

MOMNE/SUPERFICIAL
MINOR
MODERATE

MAIOR

DESTROYED

-9999

[49!



Damage assessment key (cont.)

Damage: Foundation & Owverall Structure Damage: Roof Percent of Roof Covering/Shingles Missing | Damage: Exterior | Windows Missing or Breached (Percent)
DAM_Garage DAM_Landscape DAM _Tree DAM_Scouring DAM_Owerall
YES NONE/SUPERFICIA | yeq vES NONE/SUPERFICIAL
NO MINOR NO NO MINOR
NOT APPLICABLE MODERATE UMEMOWN MODERATE
MAJOR MAIOR
DESTROYED DESTROYED
-9999 -9999 -9999 -9999 -9999

€61



Damage assessment key (cont.)

Doors Missing or Breached (Percent)

Garage Door Breached?

Damage: Landscape

Structure Damaged Due to Trees?

Evidence of Scouring?

Damage: Overall Assessment

STA_Occup STA_Board STA_Repairs STA_Contents STA_Interior STA_Tarp
YES YES YES YES YES YES
NO MO MO MO MO NO
UNKNOWN UMENCWN UMENOWN
-9999 -9999 -99949 -9999 -9999 99499

14!



Damage assessment key (cont.)

Occupied? | Boarded Up? Repairs Underway?
STA_Roof | STA_Framing STA_Floors
YES YES YES
NO NO NO
LUNKNOWN
-9999 -9999 -9999

Contents Present? Interior Gutted? Flooring Removed? Tarp on Roof? Roof Under Repair?

S61



Specimen damage assessment spreadsheet

[ sTrRucTure_io J ol E oy ADDRESS ADD_NAME [zone] pateos |
R17B424_1 R17B424 0 CRYSTAL BEACH 2122 ULLY LN 2122 LILLY LN 1 00/0910 jkfgh -999%
R17EAAR 1 R1TEAAR 0 CRYSTAL BEACH 2131 REID RO 2101 REID RO 1 0/0%10 jkfgh -90an
R17BAES 1 R1TEAES 0 CRYSTAL BEACH 2108 MILLE 2108 MILLS 1 01/09/10 jkfgh -90an
R17BAGE 1 R1TEAGE 0 CRYSTAL BEACH BE1 ALBERDIE DR A51 ALBERDIE DR 1 04/08/10 jkgh -90an
R17B519 1 R1TES13 0 CRYSTAL BEACH 2408 SAND DRIFT LN 2408 SAND DRIFT LM 1 01/09/10 jk/gh -900n
R17B521_1 R17ES21 0 CRYSTAL BEACH 2396 SAMND DRIFT LN 2396 SAND DRIFT LM 1 00,/09/10 jkgh -900%
R17B524_1 R17BE524 0 CRYSTAL BEACH 2384 SAMD DRIFT LN 2384 SAND DRIFT LM 1 00,/09/10 jkgh 1
R17B527_1 R17ES27 0 CRYSTAL BEACH 2372 SAMD DRIFT LN 2372 SAND DRIFT LM 1 00,/09/10 jkgh -990%
R17B541 1 R17ES41 0 CRYSTAL BEACH 2420 SAMDPIPER 2420 SANDPIFER 1 04/09/10 jk/egb -900%
R17E589_1 R17BESE9 0 CRYSTAL BEACH 2390 SAMDMAN 2390 SANDMAN 1 00,/09/10 jkgh -900%
R17B581_1 R17ESEL 0 CRYSTAL BEACH 2407 SANDRAN 2407 SANDMAN 1 00,/09/10 jkgh -990%
R17EE08_1 R17EE0E 0 CRYSTAL BEACH 2423 SAMD CASTLE DR 2423 SAND CASTLE DR 1 00,/09/10 jkgh -990%
R17B619_1 R17BR19 0 CRYSTAL BEACH 23T SAND BAR LN 2378 SAND BAR LN 1 00/09/10 jkfgh -999%
R17B639_1 R17BR39 0 CRYSTAL BEACH 2402 SAMD CRAB LN 2402 SAND CRAB LN 1 00/09/10 jkfgh 1
R17BES1_1 R17EES1 0 CRYSTAL BEACH 2395 SAMD CRAB LN 2395 SAND CRAB LN 1 00/0910 jkfgh 1
R17EESD 1 RA1TEEIO 0 CRYSTAL BEACH 3398 SAND BAR DR 3398 SAND BAR DR 1 01/07/10 hab.gh -90an
R17BE39_1 R1TEESD 0 CRYSTAL BEACH 3418 SAND CASTLE LN 3418 SAND CASTLE LN 1 04/07/10 hab,.gh -900n
R17ETOZ_1 R1TETDZ 0 CRYSTAL BEACH 3409 SAND CASTLE LN 3409 SAND CASTLE LN 1 01/07/10 hab,.gh 1
R17ET24 1 R17ET24 0 CRYSTAL BEACH 3389 SAMD CASTLE LN 3389 SAND CASTLE LN 1 01/07/10 hab.gh -990%
RL7ET3L_1 R1TET31 0 CRYSTAL BEACH 3388 SAMD CASTLE LN 3388 SAND CASTLE LN 1 01/07/10 hab.gh -900%
RL7EEA_1 R17EE44 0 CRYSTAL BEACH 3004 SHADY LN 3004 SHADY LN 1 01/0810 HAB,GB -990%
R17ES21 1 R17ES21 0 CRYSTAL BEACH 941 GULF RD 341 GULF RD 1 01/08/10 HAB,GB 1
R17B%40 1 R178%40 0/ CRYSTAL BEACH 950 GULF RD 950 GULF RO 1 01/0Ef10 HABGB -9994%
R173002_1 R179002 0 CRYSTAL BEACH 979 ALBATROSS LN 979 ALBATRIOSS LN 1 01/0Ef10 HAB,GB -999%
R173059_1 R179059 0 CRYSTAL BEACH 955 SURF 955 SURF 1 01/0Ef10 AB,GB -999%
R175132 1 R1TS132 0 CRYSTAL BEACH 2631 \WHITECAR 2631 WHITECAP 1 01/0Ef10 HAB GE -90an
R175133 1 R175133 0 CRYSTAL BEACH 2635 WHITECAR 2635 WHITECAP 1 01/0Ef10 HAB,GE -90an
R175135 1 R175135 0 CRYSTAL BEACH 2640 \WHITECAR 2640 WHITECAP 1 01/0Ef10 HAB,GE -900n
R1759146 1 R175146 0 CRYSTAL BEACH 2592 \WHITECAR 2592 WHITECAP 1 01/0Ef10 HAB,GE -900n
R179159 1 R1791539 0 CRYSTAL BEACH 2581 HOLIDAY 2581 HOLIDAY 1 01/0810 HAB,GB -990%
R179179_1 R179179 0 CRYSTAL BEACH 974 SURF 974 SURF 1 01/0810 HAB,GB -990%
R179238 1 R179238 0 CRYSTAL BEACH 3340 TREASURE LM 3340 TREASURE LN 1 01/08/10 HAB,GB -990%
R179273 1 R179273 0/ CRYSTAL BEACH 3315 PRIDES WAY 3315 PRIDES WAY 1 01/0Ef10 HABGB 1
R179322 1 R179322 0 CRYSTAL BEACH 9495 5 REDFISH 5T 995 REDFISH 5T 1 01/DEf10 HABGE -999%
R1793562_1 R1793562 0 CRYSTAL BEACH 970 5 REDFISH 5T 970 REDFISH 5T 1 01/0Ef10 HAB,GB -999%
R179387_1 R179387 0 CRYSTAL BEACH 9495 5 STINGAREE DR 995 STINGAREE OR 1) 01/0B/10 hab.gh -999%
R175425 1 R178425 0 CRYSTAL BEACH S8 5 STINGAREE DR B30 STINGAREE DR 1 01/0Ef10 hab.gh 1
R175454 1 R175454 0 CRYSTAL BEACH 815 MEYNIG DR 315 MEYNIG DR 1 0/0%710 IK/GE -900n
R179485_1 R1794565 0 CRYSTAL BEACH 911 MEYNIG DR 911 MEYNIG OR 1 01/0910 IK/GB -999%
R175580 1 R1TSSRD 0 CRYSTAL BEACH 2188 NOISY WAVES 2188 NOISY WAVES 1 0/0%10 jkfgh -90an
R175629 1 R175629 0 CRYSTAL BEACH 820 BOWERS LN 420 BOWERS LN 1 01/09/10 jkfgh -90an
R179668 1 R1TSE68 0 CRYSTAL BEACH 966 BOWERS LN A65 BOWERS LN 1 04/08/10 jkgh -900n
R17S681 1 R1TSERL 0 CRYSTAL BEACH 871 GREGORY 471 GREGORY 1 01/09/10 jk/gh -90an
R179714_1 R179714 0 CRYSTAL BEACH 994 MARY ANN 294 MARY ANN 1 01/0810 HAB,GB -900%
R179720 1 R179720 0 CRYSTAL BEACH 970 MARY ANN 370 MARY ANN 1 01/0810 HAB,GB -990%
R179728 1 R179728 0 CRYSTAL BEACH 2495 MARY ANN 45 MARY ANN 1 01/08/10 HAB,GB -990%
R179801 1 R179BD1 0/ CRYSTAL BEACH 920 CLARMA 920 CLARA 1 00/0910 jkfgh -9994%
R173840_1 R179B40 0 CRYSTAL BEACH 990 OLIVE 990 OUVE 1 00/09/10 jkfgh 1
R179883 1 R179883 0 CRYSTAL BEACH 2477 GILMORE 2477 GILMORE 1 00/09/10 jkfgh -999%
R179526_1 R179926 0 CRYSTAL BEACH 2918 TROPICANA 2918 TROPICANA 1 01/0Ef10 HAB,GE -999%
R175552 1 R1TSE52 0 CRYSTAL BEACH 994 NASSAL DR 394 NASSAL DR 1 01/0Ef10 HAB,GE 1
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-5349
-53499
-59499
-5999
-5999
-5999
-%349

-59499
-59499
3
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Specimen damage assessment spreadsheet (cont.)

awlaonJoe]os Jas[msJawe]orr]as]aw]amw]anfaz]omsfozsfas]azsfar[aze]azsfaso[aan]amn] NOTES_09 [ oateos [ sumvevonos

-9999 5 5 -9904% 5 -9999 -5999 -0599 5 5 2 1 2 2 2 2 2 2 2 2 2 2 2 rmain structure was destoyed. But the resident |5 living in BY 3/15/2008 GB
<4999 H 5 0009 5 -9999 .5999 -059g 5; 5 2 I -Ghag 2 2 2 2 2 z 2 2 2 z 3/15/2008 GE
9999 5 5 -9999 5 -9999 -5939 -9%99 5 5 2 2| -9999 2 2 2 2 2 2 2 2 2 1 12/11/2008  MAB
-9993 5 5 -9909 5 -9999 -5999 -0599 5 5 2 2 -9599 2 2 2 2 r 2 2 2 2 2z 3/15/2009 GB
9999 5 5 -999% -9999 -9999 -5939 -0%99 5 5 2 2| -9999 2 2 2 2 2 2 2 2 2 F 12/17/2008  GEB/U
9999 5 5 -9999 5 -9999 -5939 -9%99 5 5 2 2| -9999 2 2 2 2 2 2 2 2 2 z 12/17/2008  GEB/U

I 1 1 o 1 o 0 3 5 1 2 ki 3 1 1 2 3 3 z 2 1 2 1 under oonETruction.new structure 12/17/2008 GE/L
9999 5 5 -9999 5 -9999 -5939 -0%99 5 5 2 2| -9999 2 2 2 2 2 2 2 2 2 F 12/17/2008  GEB/U
3999 5 5/ _-9999 5 -9999 -5939 -09%99 5. 5 2 2| -9999 2 2 2 2 2 2 2 2 2 1 12/17/2008  GEB/U
-3993 5 5 -999% 5 -9999 -5933 -9393 5 5 2 2| -9599 2 2 2 2 z z 2 2 2 1 no debric or SIPecuture any more 12/17/2008 GE/U
9999 5 5 -9999 5 -9999 -9999 -0%99 -099% -9995 2 2| -9999 2 2 2 2 2 2 2 2 2 1 the building was cheared and no sIFUEUre any more 12/17/2008  GE/U
9999 ] 5 -9999% 5 -9999 -5939 -0%93 5 5 2 2| -9099 2 2 2 2 2 2 2 2 2 1 no structure any more 12/17/2008 | GB/U
-3993 5 5 -999% 5 -9999 -5933 -9393 5 5 2 2| -9599 2 2 2 2 z z 2 2 2 1 no building any more, area cleaned 12/17/2008 GE/U

2 1 1 [+ 1 0 o 2 1 1 2 2| -9999 2 2 3 3 3 2 2 2 1 1 12/17/2008  GE/U

2 1 1 o 2 o 0 2 2 2 2 2| -9599 2 2 3 3 3 2 2 2 2 1 12/17/2008 GE/L
-3993 5 5 -9994% 5 -9999 -5933 -9593 5 5 2 2| -9599 -9999 2 1 -3399 -9933 -9953 2 2 1 1 12/17/2008 GE/L
9999 5 5 -9999 5 -9999 -5939 -9%99 5 5 2 2| -9999 -9999 2 2 -3999 -9999 -9%%9 2 2 2 1 12/17/2008  GB

1 1 1 o 1 o o 3 1 1 3 2| -9599 2 2 1 3 3 2 2 2 1 1 can do phane interview 12/17/2008 GE/L
-3993 5 5 100 5 100 100 3 3 5 2 2| -9599 -9999 2 1 -9399 -%933 -9953 2 2 2 1 12/17/2008 WP
9999 5 5 -9999 5 -9999 -5939 -9%99 5 5 2 2| -9999 -9999 2 2 -3999 -5999 -9%%9 2 2 2 1 12/17/2008  WMP
-9999 5 5 -9904% 5 -9999 -5999 -0599 5 5 2 2| -9999 -0900 2 21 -9999 -4999 -0559 2 2 2 1 3/15/2009 GB

2 1 1 [} 1 1] o 3 1 1 2 2| -5599 2 1 1 3 3 2 1 1 2 1 3/15/2009 GE
3999 5 5/ _-9999 5 -9999 -5939 -09%99 5. 5 2 2| -9999 -9999 2 2 -3999 -5999 -09%%9 2 2 2 2 3/15/2009 GB
-9999 5 5 -9904% 5 -9999 -5999 -0599 5 5 2 2| -9999 -0900 2 21 -9999 -5999 -0559 2 2 2 1 3/15/2009 GB
4399 5 5 -999% 5 -9999 -5999 -G599 2 5 2 2| 5599 -9559 2 2 -3339 -5999 -G5%g 2 2 2 1 12/17/2008  GB/U
3999 5 5/ _-9999 5 -9999 -5939 -09%99 5. 5 2 2| -9999 -9999 2 2 -3999 -5999 -09%%9 2 2 2 1 3/15/2009 GB
-9999 5 5 -9904% 5 -9999 -5999 -0599 5 5 2 2| -9999 -0900 2 2 -9999 -5999 -0509 2 2 2 1 3/15/2000 GB
4399 5 5 -999% 5 -9999 -5999 -G539 5 5 2 2| 5599 -9599 2 2 -3339 -5999 -G5%g 2 2 2 1 3/15/2009 GE
9999 ] 5 -9999% 5 -9999 -5939 -0%93 5 5 2 2| -9999 -0999 2 2 -3999 -9999 -05%3 2 2 2 1 3/15/2009 GE
-9999 5 5 -9904 5 -9999 -5g999 -0599 5 5 2 2| -9999 -0900 2 2 -9999 -5999 -0559 2 2 2 1 3/15/2008 GB
4399 5 5 -999% 5 -9999 -5999 -G539 5 5 2 2| 5599 -9599 2 2 -3339 -5999 -G5%g 2 2 2 1 12/17/2008  GB/U
9999 ] 5 -9999% 5 -9999 -5939 -0%93 5 5 2 2| -9999 -0999 2 2 -3999 -9999 -05%3 2 2 2 1 12/17/2008 | GB/U

2 1 1 o 1 o ] E 1 1 2 2| -9599 2 2 1 3 3 2 2 2 2 1 403-584-3345 12/17/2008 GE/L
9999 5 5 -9999 5 -9999 -5939 -9%99 5 5 2 2| -9999 -9999 2 2 -9999 -9999 -9%%9 2 2 2 1 3/15/2009 GB
9999 ] 5 -9999% 5 -9999 -5939 -0%93 5 5 2 2| -9999 -0999 2 2 -3999 -9999 -05%3 2 2 2 1 3/15/2009 GE
<4999 H 5 0009 & 100 100 -9%39 5; 5 2 I -GEOY 004 2 1 -9999 5999 -055g 2 2 2 1 12/17/2008  GE/U

1 1 1 [+] 1 [1] o 2 1 1 3 2| -9999 2 2 1 3 3 2 2 2 2 1 12/17/2008  GEB/U
9999 ] 5 -9999% 5 -9999 -5939 -0%93 5 5 2 1 2 2 2 2 2 2 2 2 2 2 1 RV is in this area 12/11/2008  |GB
<4999 H 5 0009 5 -9999 .5999 -059g 5; 5 -3999 9999 -GLO9 2 2 2 2 b z 2 2 2 1 12/11/2008  MAB
3999 5 5/ _-9999 5 -9999 -5939 -09%99 5. 5 2 2| -9999 2 2 2 2 2 2 2 2 2 1 destoyed. Now beach 12/11/2008  GB
9999 ] 5 -9999 5 -9999 -5939 -0593 5 5 2 2| -9999 2 2 2 2 2 2 2 2 2 1 preperty for sale 3/15/2009 GE
4399 5 5 -999% 5 -9999 -5999 -G539 5 5 2 2| -5599 2 2 2 2 2 2 2 2 2 1 3/15/2009 GE
9999 5 5 -9999% 5 -9999 -5939 -0%93 5 5 2 2| -9999 2 2 2 2 2 2 2 2 2 1 3/15/2009 GE
9999 ] 5 -9999 5 -9999 -5939 -0593 5 5 2 2| -9999 -0999 2 2 -9999 -9999 -99%3 2 2 2 z 3/15/2009 GE
4399 5 5 -999% 5 -9999 -5999 -G539 5 5 2 2| 5599 -9599 2 2 -3339 -5999 -G5%g 2 2 2 1 3/15/2009 GE
9999 5 5 -9999% 5 -9999 -5939 -0593 5 5 2 2| -9999 -0999 2 2 -3999 -5999 -05%3 2 2 2 z 3/15/2009 GE
-9999 5 5 -9904 5 -9999 -5g999 -0599 5 5 2 2| -9599 2 2 2 2 2 2 2 2 2 2 destoyed 3/15/2008 GB

2 1 1 [+] 1 1] o 3 1 1 2 2| -5599 2 2 3 3 3 2 2 2 2 3 12/11/2008  MAB
9999 5 5 -9999% 5 -9999 -5939 -0593 5 5 2 2| -9099 2 2 2 2 2 2 2 2 2 z 3/15/2009 GE
<4999 H 5 0009 5 -9999 .5999 -059g 5; 5 2 I -GEOY 004 2 1 -9999 5999 -055g 2 2 2 1 12/17/2008  GE/U

2 1 1 [+] 2 1 o 3 1 2 2 2| -5599 2 1 1 3 3 2 2 1 2 1 3/15/2009 GB
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Specimen damage assessment spreadsheet (cont.)

[[Mum_Floors | Num_Units | STR_Found | STR_Mabile [ STR_Elev [ sTR_Eleva | sTR_ [ sTR_RoofType | STR_Finish [ DAM_Type | sTR_Visible | 0AM_Depth | am_Food | 0am_over | pam_verify | Dam_Roof [ nam_ext] pam_RootMiss | am_poors |
-9399 -3999 -99599 -9999 -5939 -9999 -9999 -9999 -9999 -9959 -9999 -3599 -53499 5 -999% 5 5 -93999 -0995%
-33499 -g3a99 -0E5E -3359 -5339 i) -5599 -Ggaa -agma B i) -39 -53499 5 -aaas 5 5 -33949 i)
-9399 1 -99599% -9999 -5939 -9999 -9999 -9999 -9999 -9959 o -9599 -59499 5 -999% 5 5 -9399 -099%
-9399 -3999 -99599 -9999 -5939 -9999 -9999 -9999 -9999 -9959 -9999 -3599 -53499 5 -999% 5 5 -93999 -0995%
-3399 -3999 -900% -9399 -5939 -9999 -9999 -9999 -9999 -9559 -9999 -9999 -5999 5 -9 H 5 -9399 -0000
-9399 -3999 -99599% -9999 -5939 -9999 -9999 -9999 -9999 -9959 -9999 -9599 -59499 5 -999% 5 5 -9399 -099%
-9399 -3999 -99599 -9999 -5939 -9999 -9999 -9999 -9999 -9%59 -9999 -3599 -53499 5 -999% 5 5 -9399 -0995
-3399 -3999 -9009 -9399 -53939 -9999 -9999 -9999 -9999 -0559 -9999 -9999 -5999 5 -9959g H 5 -9399 -0000
-9399 -3999 -9959% -9999 -5939 -9999 -9999 -9999 -9999 -9959 -9999 -3599 -59499 5 -999% 5 5 -93999 -2995%
-9399 -3999 2 -9399 1 -0999 -9999 -9999 -9999 -0559 -0999 -9999 -5999 5 -9 H E -9399 -0000

1 1 E z 1 B 2 1 -9999 E plre) -9999 1 5 2 H 5 50 100

1 1 E z 1 B 2 2 2 E plre) 144 1 1 2 H 5 pi) 100
-3399 -3999 E -9399 1 B -9999 -9999 -9999 -0559 -9999 -9999 -5999 5 -9959g% H H -9399 -0000

1 1 E z 1 10 2 2 2 2 plre) 72 1 3 2 1 2 5 [

1 1 3 2 1 12 2 2 2 2 75 -55ag 1 2 2 1 3 o 25
-3399 -3999 -000% -9399 -5339 -0999 -9999 -9999 -9999 9009 -0999 -9999 -5999 5 -9959g H 5 -9399 -0000
-3399 -3999 -9009 z P -9999 -9999 -9999 -9999 E -9999 -9999 -5999 5 2 H 5 -9399 -0000

2 1 3 z 1 1z 2 1 2 2 i) 144 1 3 -aaas 1 4 1 5

1 1 E z 1 12 2 1 2 E 100 158 1 3 2 2 4 -9399 100
-9999 -3999 -000% -3999 -53499 -0959 -9%99 -a909 -9999 Q999 -0959 -55ag 5999 5 -9904% 5 5 -3999 -000%%
-33499 -g3a99 -0E5E -3939 -5339 i) -5599 -Ggaa -agma e i) -S540 -53499 5 -aaas 5 5 -3398 R
-33499 -g3a99 -0E5E -3939 -5339 i) -5599 -Ggaa -agma e i) -S540 -53499 5 -aaas 5 5 -3398 R
-33499 -3a99 -DE5E -3359 -53349 i) -55949 -Ggaa -agma St i) -39 ~-53499 5 -aaas 5 5 -33909 -EOGE
-33499 -g3a99 -0E5E -3939 -5339 i) -5599 -Ggaa -agma e i) -S540 -53499 5 -aaas 5 5 -3398 R
-33499 -g3a99 3 -3999 1 7 -5599 -Ggaa -agma 2 -B5Ea -5599 1 5 -aaas 5 5 -33949 -HOEE
-33499 -3a99 -DE5E -3359 -53349 i) -55949 -Ggaa -agma St i) -39 ~-53499 5 -aaas 5 5 -33909 -EOGE
-33499 -g3a99 -DE5E -g3339 -53349 -B5Ea -5599 -ggaa -agma ot -B5Ea -5599 -53499 5 -aaas 5 5 -33498 -EOEE
-9399 -3999 -99599 -9999 -5939 -9999 -9999 -9999 -9999 9559 -9999 -3599 -53499 5 -999% 5 5 -93999 -0995%
-9399 -3999 -99599 -9999 -5939 -9999 -9999 -9999 -9999 9559 -9999 -3599 -53499 5 -999% 5 5 -93999 -0995%
-33499 -g3a99 -0E5E -3359 -5339 i) -5599 -Ggaa -agma ) i) -39 -53499 5 -aaas 5 5 -33949 i)
-9399 -3999 -99599 -9999 -5939 -9999 -9999 -9999 -9999 9559 plEE) -3599 -53499 5 -999% 5 5 -93999 -0995%
-9399 -3999 3 -9999 1 15 -9999 -9999 -9999 9559 -9999 -3599 -53499 5 -999% 5 5 -93999 -0995%

1 1 3 2 1 10 2 1 2 3 75 -3599 1 2 2 1 2 1 [+
-9399 -3999 -99599% -9999 -5939 -9999 -9999 -9999 -9999 9559 -9999 -9599 -59499 5 -999% 5 5 -9399 -099%
-9399 -3999 -99599 -9999 -5939 -9999 -9999 -9999 -9999 9559 -9999 -3599 -53499 5 -999% 5 5 -9399 -0995
-3399 -3999 E z 1 & -9999 -9999 -9999 9059 -9999 -9999 -5999 5 -9959g H 5 -9399 100

1 1 3 2 1 12 2 4 2 2 75 -3599 1 1 2 1 2 2 [+
-3399 -3999 -900% -9399 -5939 -9999 -9999 -9999 -9999 9009 -9999 -9999 -5999 5 -9 H 5 -9399 -0000
-3399 -3999 -9009 z 1 -9999 -9999 -9999 -9999 9059 0 -9999 -5999 5 -9959g H 5 -9399 -0000
-9399 -3999 -9959% -9999 -5939 -9999 -9999 -9999 -9999 9559 -9999 -3599 -59499 5 -999% 5 5 -93999 -2995%
-3399 -3999 -0009% -9399 -53939 -9999 -9999 -9999 -9999 9009 -9999 -9999 -5999 5 -9959g% H H -9399 -0000
-3399 -3999 -9009 -9399 -53939 -9999 -9999 -9999 -9999 9059 -9999 -9999 -5999 5 -9959g H 5 -9399 -0000
-9399 -3999 -995% ~3999 ~5399 -9559 ~5599 -9999 -9999 Q55T -9559 ~SE99 5399 5 -999% 5 5 -3399 -995%%
-3399 -3999 -0009% -9399 -53939 -9999 -9999 -9999 -9999 9009 -9999 -9999 -5999 5 -9959g% H H -9399 -0000
-3399 -3999 -9009 -9399 -53939 -9999 -9999 -9999 -9999 9059 -9999 -9999 -5999 5 -9959g H 5 -9399 -0000
-33499 -g3a99 -0E5E -3939 -5339 i) -5599 -Ggaa -agma e i) -S540 -53499 5 -aaas 5 5 -3398 R
-3399 -3999 -000% -9399 -5339 -0999 -9999 -9999 -9999 9009 -0999 -9999 -5999 5 -9959g H 5 -9399 -0000

1 1 2 2 1 B 2 2 2 1 100 108 2 1 -9904% 1 1 o (v}
-33499 -g3a99 -0E5E -3939 -5339 i) -5599 -Ggaa -agma e i) -S540 -53499 5 -aaas 5 5 -3398 R
-33499 -g3a99 -0E5E -3939 -5339 i) -5599 -Ggaa -agma 2 i) -S540 -53499 5 -aaas 5 5 -3398 R
-33499 -g3a99 -DE5E -3939 -5339 ] -5599 -agaa -agma oL ] -5599 -53499 -gngs -aaas -B550 -39 -33498 -EOEE
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Specimen damage assessment spreadsheet (cont.)

-9 -9999 5 -9999 - D5 5 2 2 -9999 2 -D55 -5939 5999 -9999 -999%
-9955 -99595 5 -9559 -2500 = z 2 -3939 2 -25959 -5333 -5333 -3999 -9995
-9995 -9995 5 -9999 1 E 2 2 2 2 1 1 ry 2 2
-0900 -9999 5 -9999 - DO 5 2 2 -9999 2 -2000 -5999 5999 -9999 -9990%
-0900 -9999 5 -9999 - DO 5 2 2 -9999 2 -2000 -5999 5999 -9999 -9990%
-D055 -9905% 5 -9999 -D0D K 2 2 -9999 2 -29090 -5939 -2939 -9909 -9005
-9955 -99595 5 -9559 -255 5 z 2 -3939 2 -25959 -5333 5333 -3999 -9995
-9055 -99595 5 -9559 -25G E z 2 -3939 2 -25959 -5333 5333 -3999 -9995
-999G -99949 5 -99599 -0 5 2 2 -9999 2 -2550 -5939 -5999 -9999 -999%
-D055 -9905% 5 1 -D0D K 2 2 2 2 3 Ed r3 2 2
100 3 3 1 2 5 2 2 2 2 El Ed 2 2 2
A0 3 2 2 2 5 1 2 1 2 2 Z 2 2 2
-9995 -9999 2 2 3 5 2 2 1 2 -9950 -5939 rd 2 2
20 3 1 2 2 2 1 2 2 2 3 3 rd 2 2

o 3 2 1 2 3 1 2 2 2 3 3 rd 2 2
-9995 -99949 5 -9999 - D0 5 2 2 -9999 2 -D550 -5939 -5999 -9999 -999%
-9 -9999 5 -9999 3 5 2 2 2 2 3 3 rd 2 2
20 3 4 2 2 4 2 2 1 2 2 1 rd 2 2
100 3 3 1 3 4 i 2 1 2 2 z rd 2 2
-0990 -9999 5 -9999 D0 5 2 2 -9999 2 -20900 -5999 -5999 -9999 -999%
-0900 -9999 5 -9999 - DO 5 2 2 -9999 2 -2000 -5999 5999 -9999 -9990%
-0900 -9999 5 -9999 - DO 5 2 2 -9999 2 -2000 -5999 5999 -9999 -9990
-9955 -99595 5 -9559 -2500 = z 2 -3939 2 -25959 -5333 -5333 -3999 -9995
-9055 -99595 5 -9559 -25G E z 2 -3939 2 -25959 -5333 5333 -3999 -9995
-99905 -9995 2 -9999 -2 E 2 2 2 2 -29590 -5333 ry 2 2
-D055 -9905 5 -9999 - D0 K 2 2 -99399 2 -D09090 -5939 -&939 -9909 -9005
-D055 -9905% 5 -9999 -D0D K 2 2 -9999 2 -29090 -5939 -2939 -9909 -9005
-D055 -9005 5 -9999 - D0 5 2 2 -9999 2 -209090 -5939 -&939 -9909 -9005
-9955 -99595 5 -9559 -255 5 z 2 -3939 2 -25959 -5333 5333 -3999 -9995
-999G -99949 5 -99599 -0 5 2 2 -9999 2 -2550 -5939 -5999 -9999 -999%
-D055 -9995 5 -0559 - D5 5 rd 2 1 2 1 -5939 rd 2 2
-D005 -9905 5 -9999 - D0 5 2 2 -9990 2 1 -5339 r3 2 2
20 3 1 2 2 2 1 2 2 1 3 3 rd 2 1
-999% -9999 5 -9999 -0 5 2 2 -9999 2 -9950 -5939 -5999 -9999 -999%
-299G5 -9999 5 -99599 - D5 5 2 2 -9999 2 -D55 -5939 -5999 -9999 -9995
plee) -9999 5 -99599 - D5 5 2 2 2 2 -D55 -5939 -5999 -9999 2
o 3 2 2 2 1 2 1 1 1 -2000 -5999 2 2 2
-9 -9999 5 -9999 - D5 5 2 2 -9999 2 -D55 -5939 5999 -9999 -999%
-9 -9999 5 -9999 1 5 2 2 -9999 2 -D55 -5939 5999 -9999 -999%
-9955 -99595 5 -9559 -2500 = z 2 -3939 2 -25959 -5333 -5333 -3999 -9995
-9995 -9995 5 -9999 -2 E 2 2 -9939 2 -2959 -5333 5339 -3999 -9995
-0900 -9999 5 -9999 - DO 5 2 2 -9999 2 -2000 -5999 5999 -9999 -9990%
-0900 -9999 5 -9999 - DO 5 2 2 -9999 2 -2000 -5999 5999 -9999 -9990%
-9955 -99595 5 -9559 -2550 E z 2 -3939 2 -2959 -5333 5333 -3999 -9995
-9055 -99595 5 -9559 -25G E z 2 -3939 2 -25959 -5333 5333 -3999 -9995
-9055 -99595 5 -9559 -25G E z 2 -3939 2 -25959 -5333 5333 -3999 -9995
-D055 -9995 5 -9559 - D5 5 rd 2 -9999 2 -0550 -5939 -5939 -9999 -9995
o 3 1 2 2 1 2 2 3 2 3 Ed r3 2 2
-D055 -9005 5 -9999 - D0 5 2 2 -9999 2 -209090 -5939 -&939 -9909 -9005
-D055 -9005 5 -9999 - D0 5 2 2 -9999 2 -209090 -5939 2 -9909 2
-999G -99949 -9999 -99599 -0 -9559 -99599 -9999 -9999 -9999 -2950 -5939 -5999 -9999 -999%
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Specimen damage assessment spreadsheet (cont.)

Status determined from aerial imagery taken after storm by GB.
Status determined from aerial imagery taken after storm by GB.

DESTROYED. REDUCED TO RUBELE.

Status determined from aerial imagery taken after storm by GB.
RECORMMNG "DESTROYED® FOR DAMAGE, OVERALL ASSESSMENT / FOUNDATION / ROOF f EXTERIOR BECAUSE SURVEYOR WROTE "DESTROYED" ON THE FIRST PAGE OF SURVEY
RECORMMNG "DESTROYED® FOR DAMAGE, OVERALL ASSESSMENT f FOUNDATION / RODOF f EXTERIOR BECAUSE SURVEYOR \WROTE "DESTROYED" ON THE FIRST PAGE OF SURVEY
RECORMMNG "DESTROYED® FOR DAMAGE, OVERALL ASSESSMENT / FOUNDATION / ROOF f EXTERIOR BECAUSE SURVEYOR WROTE "DESTROYED" ON THE FIRST PAGE OF SURVEY
RECORMMNG "DESTROYED® FOR DAMAGE, OVERALL ASSESSMENT / FOUNDATION / ROOF f EXTERIOR BECAUSE SURVEYOR WROTE "DESTROYED" ON THE FIRST PAGE OF SURVEY
RECORMMNG "DESTROYED® FOR DAMAGE, OVERALL ASSESSMENT / FOUNDATION / ROOF f EXTERIOR BECAUSE SURVEYOR WROTE "DESTROYED" ON THE FIRST PAGE OF SURVEY.

DESTROYED.
DESTROYED.
DESTROYED.
DESTROYED.

DESTROYED.

DESTROYED. MOTHING LEFT.
DESTROYED.

DESTROYED.

Status determined from aerial imagery taken after storm by GB.

Status determined fram aerial imagery taken after storm by GB.

Status determined from aerial imagery taken after storm by GB.
Status determined from aerial imagery taken after storm by GB.

DESTROYED.

Status determined from aerial imagery taken after storm by GB.
Status determined fram aarial imagery taken after storm by GB.

Status determined from aerial imagery taken after storm by GB.
Status determined from aerial imagery taken after storm by GB.

Status determined from aerial imagery taken after starm by GBE.

DESTROYED.
DESTROYED

status determined from aerial imagery taken after storm by GE.

Status determined from aerial imagery taken after storm by GB.
DESTROYED.

DESTROYED.
DESTROYED.
DESTROYED.
Status determined from aerial imagery taken after storm by GB.

Status determined fram aarial imagery taken after storm by GB.
Status determinad from asarial imagery taken after storm by GB.

Status determined fram aerial imagery taken after storm by GB.

Status determined from aerial imagery taken after storm by GB.
Status determined from aerial imagery taken after storm by GB.

Status determined from aerial imagery taken after storm by GB

status determined from aerial imagery taken after storm by GE.

DESTROYED.
status determined from aerial imagery taken after storm by GB.

Unit appears to be Destroyed.
Unit appears to be Destroyed.

Unit appears 1o be Destroyed.

Unit appears to be Destroyed.
. Unit appears to be Destroyed.
Unit appears to be Destroyed.
Unit appears 1o be Destroyed.

Unit appears to be Destroyed.
Unit appears 1o be Destroyed.
. Unit appears to be Destroyad.
. Unit appears to be Destroyed.
Unit appears 1o be Destroyed.

Unit appears 1o be Destroyed,
. Unit appears to be Destroyed,

. Unit appears to be Destroyed.
Unit appears 1o be Destroyed.
Unit appears 1o be Destroyad.
. Unit appears to be Destroyed.
Unit appears 1o be Destroyed.
Unit appears 1o be Destroyed.
. Unit appears to be Destroyed.

Unit appears 1o be Dastroyead,

. Unit appeéars o still be there

. N0 PICTURES, NOTHING LEF1
. MO PICTURE. NOTHING LEF1
. MO PICTURES, NOTHING LEF1
- N0 PICTURE, NOTHING LEF1
. N0 PICTURES, NOTHING LEF1
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APPENDIX B

SPECIMEN BOLIVAR SETTLEMENT LAYOUT - PORT BOLIVAR

N

Randomized land parcels generated via GIS for damage assessments.

/

e

Legend

Street Centerlines
Damage Assessment (Bolivar)
Parcel Boundaries
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PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed | Card # Map ID
R207835 Tax Year: 2008 | HENRY, CAROL JEAN (0454653) 03/01/2003 (DK) $48,750 12/28/2010( 1 243-D
5960-0564-0009-000
PO BOX 411 Next B Value Comments.

ABST 162 S PARR LOT 9 TO 12 BLK 564 PT PORT BOLIVAR,TX 77650-0411

BOLIVAR $48,750

Property Situs Address
2219 MADISON AVE, PORT BOLIVAR, TX 77650

22 8
Linked Property
0 cP4 20 |208T20

Neighborhood Exemptions/Spec. Vals

5960 2 s

Taxing Unit Information

GGA;JO1;RFL;S10 -

Topography Utilities aWDe

' 6
32
Const Style Foundation Ext. Finish Int. Finish Roof Style Flooring 2 s

8 SFC WPL WF SR cs cp

2 2% MA 2%
£ Heat/AC Plumbing Fireplace Rooms Bedrooms 24 STG 24 (24 DG 24
< - .

CH-CA 1
E‘ Date Price Seller X Book  Instrument Page = s i
2 FRANCISKOVICH, AUGUST | 2000059215
P
o
3
: Improvements

Type Description StCd,HS, Type | Class Area Area Factor] Adjusted Area | Perimeter | UnitPrice | Yr.Bit/actEnm | Cona | %Gd | Pn% |Eco% | Fne% | % cmp Value

MA | Main Area A1YR1 BH5 832 832 27.65| 1960-1969 4 69 | 100 | 100 | 100 30,160

DG Det. Garage A1YR1 BHS 240 240 13.83| 1960-1969 4 69 | 100 [ 100 | 100 4,350

STG | Storage A1YR1 BHS 480 480 13.83| 1960-1969 4 69 | 100 | 100 | 70 6,080

CP4 | Concrete A1YR1 BHS 440 440 1.38| 1960-1969 4 69 | 100 | 100 | 100 800

WD | Wood Deck A1YR1 BHS 48 48 5.00 1960-1869 4 69 | 100 | 100 | 100 310

ST Storage A1YR1 BHS 160 160 13.83| 1965-1969 4 69 | 100 | 100 | 40 1,160

NBH% 190 TOTAL 42,870

Land Information
Type Description Table | stea HS Meth Area UnitPrice | Func%|Econ%| Adj% | Market vaiue Ag Tbl Meth Ag Unit Pr Ag Value
RL Residential Lot A1 Y SFT 14,700.0000 040 | 100 | 100 5,880 o o
NBH% 100 EFF. ACRES 0.3370 TOTAL| 14,700.0000 TOTAL 5,880 TOTAL 1]

0¢



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed Card # Map ID
- RODRIQUEZ, RENE JR (0407072,
R207447 Tax Year: 2008 ( ) 03/01/2003 (DK) $18,040 12/28/2010| 1 266-A
5960-0393-0005-003
623 BENDING BOUGH DR Next I' A d Value Comments
ABST 162 S PARR E 12.5 FT OF S /2 LOT 5 S 1/2
LOT 6 & W12.5 FT OF S 1/2 LOT 7 BLK 393 PT SERING TXC/Ta88 $
BOLIVAR 18,040
Property Situs Address. -
1513 QUARLES AVE, PORT BOLIVAR, TX 77650 32
Linked Property 11 ST 11 |11
Neighborhood Exemptions/Spec. Vais .
5960 10
Taxing Unit Information 27 Ll
GGA;JOT;RFL;S10
Topography Utilities. Access _ Other
16
Const Style Foundation Ext. Finish Int. Finish Roof Style . Flooring
8 RCT WPL WF PL TG cP
2 = =
E HeatliAC Plumbing Fireplace Rooms Bedrooms 27 3 E
ST 1
E Date Price . Seller : Book / Instrument Page 2 WD 7
= WEST, JAMES L 010-48-1090
2 WEST, FORREST & GAYLE | 010-39-2629
o UNKNOWN 001-13-0160 2
Improvements
Type Description St Cd, HS, Type Class Area Area Factor] Adjusted Area Perimeter Unit Price Yr. Bit | Act-Eff Cond % Gd Ph% | Eco% | Fnc % | % Cmp Value
MA Main Area A1TNR1 BH4 784 784 24.85| 1950-1954 [ 41 100 | 100 | 100 15,180
CP4 Concrete A1NR1 BH4 784 784 1.24| 1950-1954 6 41 100 100 100 760
sT Storage A1NR1 BH4 110 110 12.43| 1950-1954 6 41 100 | 100 | 100 1,070
WD | Woed Deck A1NR1 BH4 48 49 5.00 1950-1954 [ 41 100 | 100 | 100 180
NBH% 190 TOTAL 17,200
% ; T, Land Information y
Type Description Table | sTCd HS Meth Area Unit Price | Func % | Econ % | Adj% Market Value Ag Tbl Meth Ag Unit Pr Ag Value
RL Residential Lot Al SFT 3,500.0000 0.40 | 100 100 | 60.00 840
NBH% 100 EFF. ACRES 0.0800 TOTAL 3,500.0000| TOTAL 840 TOTAL o

€0¢T



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner information Last Inspected Market Value Card Printed | Card #] Map ID
R207321 Tax Year: 2008 | BAKER, ROGER A & TAMELLA (0478891) 03/01/2003 (DK) $53,610 12/28/2010| 1 266-A
5960-0368-0011-001
PO BOX 572 Next Inspection/Reason - Assessed Value Comments
ABST 162 S PARR S/2 LOTS 11 & 12 BLK 368 PT CRYSTAL BEACH,TX 77650-0572
BOLIVAR 70 X 55 FT $44,927
Property Situs Address.
1423 QUARLES AVE, PORT BOLIVAR, TX 77650
40
15
Linked Property 12 e
12 MA 35
Neighbortood Exemptions/Spec. Vals. | nlo =
5960 HS » e e
Taxing Unit information 1z :
GGAJOT;RFL;S10
Topography Utilities ol
12 28
ConstStyle | Foundation Ext. Finish
@ T 15| STis15
g SFC WPL WF
a 12 o
g Heat/AC Plumbing Fireplace 12 _ s
CA 1
g Date ~ Price Seller | Booki Instrument Page o
2 NANCE, JIM 2000016449
2 METCALFE FRANK & JERRIE | 012-11-2582 0
3
Improvements 4 5 .
Type Description Stcd, HS, Type | Class Area  |AreaFacto] AdjustedArea | Perimeter | UnitPrice | Yr.Bit7ActEr | Cond | %Gd | Pn% |Eco% | Fnc% % Cmp Value
MA | Main Area A1Y R BH7 1,160 1,160 31.00| 1960-1964 5 60 | 100 | 100 | 100 40,990
WD | Wood Deck ATY R BH7 888 888 5.00| 1960-1964 5 60 | 100 | 100 | 100 5,060
ST | Storage AYF - 100 | 100 | 100 | 100 50
SP | Screen Porch A1YR1 BH7 240 240 930 1960-1964 s 60 | 100 | 100 | 100 2,540
ST | Storage A1YR1 BH7 180 180 15.50| 1960-1964 5 60 | 100 | 100 | 40 1,270
CP4 | Concrete A1YR1 BH7 1,220 1,220 1.55| 1960-1964 5 60 | 100 | 100 | 100 2,160
NBH% 190 TOTAL 52,070
: Land Information : 2
Type Description Table stcd | Hs Meth Area UnitPrice | Func%|Econ%| Adj% | Marketvalue AgTHl | metn | Aguniter Ag Value
RL Residential Lot A1 Y SFT 3,850.0000 040 | 100 | 100 | 1,540 i
NBH% 100 EFF. ACRES 0.0880 TOTAL 3,850.0000] TOTAL 1,540 TOTAL ]

v0¢



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed | Card # Map ID
R208030 Tax Year: 2011 | ROHACEK, JUANITA (0395827) 10/04/2010 (BRINKER) $171,760 12128/2010| 1 266-B
5960-0489-0009-000
PO BOX 39 Next Value Comments
ABST 162 S PARR BLK 489 LOTS 9-10-11-12 PT PORT BOLIVAR, TX 77650-0039 FR11-ADD WD,ELEV.REM FUNC. REVAL10-REM PC.
BOLIVAR $170,950 FROS- CHG % TO 95 MA MAA. AUDIT 09-CHNG
CLASS;FUNC ON ST.GA. 0SREVIEW-REM
Property Situs Address
1819 MADISON AVE, PORT BOLIVAR, TX 77650
Linked Property
R371433 - 5960-0489-0005-001
Neighborhood ExemptionsiSpec. Vals
5960 OAHS b
Taxing Unit Information 2 1
GGAJOT;RFL;S10 cpe M
Topography Utilities -
62
Const Style Foundation _ Ext. Finish : Flooring
SFC WPL WF SR HP-CS CP-VI
HeatiAC Plumbing Fireplace Rooms Bedrooms
CH-CA 25
g Date Price Seller | Bookl Instrument Page
& MACON, TIMOTHY LEE & 2005002582
g SON, JOSEPH B & 010-24-1966
8 =
w
Improvements. =
Description St Cd, HS, Type Class Area Area Factor] Adjusted Area Perimeter Unit Price Yr. Bit/ Act-Eff Cond %Gd | Ph% | Eco% | Fnc % | % Cmp Value
MA | Main Area A1YR1 BH11 1,488 1,488 38.05| 1983-1982 4 79 | 100 | 100 | 100 84,980
OP | Open Porch A1YR1 BH11 496 496 7.61| 1983-1982 4 79 | 100 | 100 | 100 5670
ST Storage ATYR1 BH11 110 110 42 15.22| 1983-1982 4 79 100 | 100 | 100 2,510
CP4 | Concrete A1YR1 BH11 1,984 1,984 210 1.90| 1983-1982 4 79 | 100 | 100 | 100 5,660
MAA | Main Area Addition A1YR1 BH11 880 880 124 38.05| 1983-1982 4 79 | 100 | 100 | 100 50,260
GA | Garage A1YR1 BH11 550 550 104 15.22| 1983-1982 4 79 | 100 | 100 | 100 12,560
WD | Wood Deck A1Y R1 BH11 196 196 64 5.00 1983-1982 4 79 | 100 | 100 | 100 1,470
WD | Wood Deck A1Y R1 BH11 60 60 32 5.00 2010-1982 4 79 | 100 | 100 | 100 450
NBH% 190 TOTAL 163,560

S0¢T



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed |Cara # Map ID
R207020 Tax Year: 2008 | OOPB LLC (00003493) 03/01/2003 (DK) $19,880 12/28/2010| 1 266-A
5960-0316-0004-001
St Next Inspection/Reason" Assessed Value Comments
ABST 162 S PARR LOTS 4 THRU 6 BLK 316 PT PORT BOLIVAR TX 77650
BOLIVAR & IMPS $19,880
Property Situs Address
1207 OVERTON AVE, PORT BOLIVAR, TX 77650
Linked Property
Neighborhood Exemptions/Spec. Vals. 12
5960 3
Taxing Unit Information
GGAJO1;RFL;S10
Topography Utilities Access Other 18 MA 8 GA 20
LEVEL PW,BU,SP ASP DITCH
Canst Style Foundation Ext. Finish Int. Finish Roof Style Flooring 4
8 sFC cs wr SR cs HW T =
ﬁ Heat/AC Plumbing Fireplace Rooms Bedrooms
<
WA-ST 1
E Date Price Seller Book / Instrument Page
% 09/07/2007 GREENWOOD, WILLIAM D & | 2007060379
@ CANARY, GLENDA 2003030586
3 STRIMPLE ELMO RAY 2003030585
Improvements
Type Description stca, HS, Type | Class Area Area Facto] Adjusted Area | Perimeter | UnitPrice | Yr.Bit/Act.Eff | Cond | %Gd | Phe% | Eco% | Fnc % |% cmp Value
MA Main Area ATNR1 F3 648 648 19.90| 1950-1954 5 54 100 | 100 100 13,230
GA | Garage ATNR1 F3 240 240 9.95| 1950-1954 5 s4 | 100 | 100 | 100 2,450
NBH% 190 TOTAL 15,680
Land Information o
Type Description Table STCd HS Meth Area UnitPrice | Func % | Econ% | Adj% Market Value Ag Tbl Meth Ag Unit Pr Ag Value
RL Residential Lot Al SFT 10,500.0000 040 | 100 | 100 4,200 ‘
NBH% 100 EFF. ACRES 0.2410 TOTAL| 10,500.0000| TOTAL 4,200 TOTAL ]

90¢



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed | Card # Map ID
R206920 Tax Year: 2008 | SAVANICH. SUE ELLEN (0522141) 09/30/2003 (KENNEY) $92,980 12/28/2010| 1 266-A
5960-0290-0019-000
PO BOX 139 Next .| Assessedvaiue Comments
ABST 162 S PARR LOT 19-20 & 21 BLK 290 PT PORT BOLIVAR,TX 77650 AUDIT04-ECO OVERBUILT. 96-ADD WD.
BOLIVAR $84,156
Property Situs Address 4
1112 OVERTON AVE, PORT BOLIVAR, TX 77650
Linked Property
16
24 40
Neighborhood Exemptions/Spec. Vals
1| WD |18
5960 OAHS
30
Taxing Unit Information T3
GGAJO1.RFL.S10 52 MA w ST 52
Topography Utilities 12
LEVEL PW,BU,SP a4
8 26A22 (2
Const Style Foundation Ext. Finish Int.Finish | Roof Style Flooring =
8 SFC WPL WF SR cs cp 16 S[FPIS ue 12 »
8 I3 Wi 3
f HeatiAC Plumbing Fireplace Rooms Bedrooms.
: CH-CA 2 HE
E- Date Price Seller Book / Instrument Page -
2 SAVANICH, PETERDJR & | 20022003012355
»
o
=
oD
Improvements -
Type Description St Cd, HS, Type Class Area Area Fncmﬂ Adjusted Area Perimeter Unit Price Yr. Bit/ Act-Eff Cond %Gd | Ph% | Eco% | Fnc % (% Cmp Value
MA | Main Area ATYR1 BHB 1728 1,728 32.50| 1970-1974 4 72 | 100 [ 85 | 100 66,760
WD | Wood Deck ATYR1 BHB 240 240 5.00| 1970-1974 4 72 | 100 | 85 | 100 1,400
EP | Enclosed Porch ATYR1 BH8 64 64 14,63 1970-1974 4 72 | 100 | 85 | 100 1,080
ST | Storage ATYR1 BH8 1816 1.816 14.63| 1970-1974 4 30 | 100 | 85 | 100 12,870
GA | Garage ATYR1 BHB 264 264 14.63| 1970-1974 4 72 | 100 | 85 | 100 4,490
DG | Det. Garage A1YF 0.00| - 100 | 100 | 85 | 100 500
WD | Wood Deck A1YR1 BH8 288 288 5.00| 1970-1974 4 72 | 100 | 85 | 100 1,670
NBH% 190 TOTAL 88,780
g Land Information i i
Type Description Table | sted | ms Meth Area UnitPrice | Func % | Econ% | Adj% |  marketvalue AgTol | Meth Ag Unit Pr AgValue
RL Residential Lot Al A SFT 10,500.0000 040 [ 100 | 100 4,200 0.00 0
NBH% 100 EFF. ACRES 0.2410 TOTAL| 10,500.0000 TOTAL 4,200 TOTAL 0

LOT



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Lugal Description Owner Information Last Inspected Market Value Card Printed | Card # Map ID
R206813 Tax Year 2008 | SULLIVAN, CHRISTINA VAN DYKE (00026315) 02/11/2005 (BREWER) $71.680 1212802010 2 266-A
5960-0240-0013-000
12303 23RD ST Next Value Comments
ABST 162 S PARR LOTS 13-16 BLK 240 PT SANTA FE, TX 77510 FROS-N/C. BPO4-REVECTOR WD,OF ADD OP, WD,
BOLIVAR $64,172 12-CERAMIC CORNER.
Property Situs Address
922 OVERTON AVE, PORT BOLIVAR, TX 77650
Linked Property
Neighborhood Exemptions/Spec. Vals
5960
Taxing Unit information
GGA;JO1;RFL;S10
Topegraphy Utilities
PW,BU,SP
Const Style Foundation Ext. Finish Int. Finish Roof Style Flooring
% cs sl PA GA co y
£ HeatiAC Plumbing Fireplace Rooms. Bedrooms
<
N N
E- Date Price Seller Book / Instrument Page
':-E‘ 01/18/2008 VAN DYKE, BEVERLY H 2008026672
3 ZORN J E & WIFE
©
n
Improvements
Type Description St Cd, HS, Type Class Area Area Factor] Adjusted Area Perimeter Unit Price Yr. Bit/ Act-Eff Cond %Gd | Ph% | Eco% | Fnc % | % Cmp Value
MA Main Area FINC SWDA+ 1,200 1,200 12.50| 1970-1970 ] 34 100 100 100 9,690
STG | Storage FINF 0.00] 1970-1870 6 34 100 100 100 200
NBH% 190 TOTAL 9,890

80¢



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed | Card # Map ID
R206813 Tax Year: 20Q8 SULLIVAN, CHRISTINA VAN DYKE (00026315) 02/11/2005 (BREWER) $71,680 12/28/2010| 1 266-A
5960-0240-0013-000 o
12303 23RD ST Next Inspection/Reason Assessed Value Comments
ABST 162 S PARR LOTS 13-16 BLK 240 PT SANTA FE,TX 77510 FRO5-N/C. BPO4-REVECTOR WD,0P ADD OP WD,
BOLIVAR $64,172 12-CERAMIC CORNER.
Property Situs Address
522 GVERTON AVE. PORT BOLIVAR, TX 77650
Linked Property 15
23
Neighborhood ExemptionsiSpec. Vals 12 12 WD 12
5960
Taxing Unit Information 1
GGA;JO1,RFL;S10
Topegraphy Utilities 2.CP1 10
PW,BU,SP
Const Style Foundation Ext. Finish Int. Finish Roof Style Flooring 13
8 sFc ce wWF SR cs HW
2
E HeatlAC Plumbing Fireplace Rooms Bedraoms
<
CH-CA 1
z Date Price Seller Book/ Instrument Page
2| o11er2008 VAN DYKE, BEVERLY H 2008026672
2 ZORN JE & WIFE
3
Improvements.
Type Description StCd,HS, Type | Class Area  |AreaFacto] Adjusted Area | Perimeter | UnitPrice | Yr.Bit/ActEf | Cond | %Gd | Ph% | Eco% | Fnc% | % cmp Value
MA | Main Area ATYR1 F7 1,400 1,400 28.05| 1965-1969 4 69 | 100 | 100 | 100 51,480
OP | Open Porch ATYR1 F7 48 48 7.01| 1965-1969 4 69 | 100 | 100 | 100 440
CP1 | Carportsiab ATYR1 F7 240 240 7.01| 1965-1969 4 69 | 100 | 100 | 100 2210
OP | Open Porch ATYR1 F7 96 96 40 7.01| 2003-1969 4 69 | 100 [ 100 | 100 880
WD | Wood Deck ATYR1 F7 180 180 54 5.00| 2003-1969 4 69 | 100 | 100 | 100 1,180
NBH% 190 TOTAL 56,190
Land Information
Type Description Table stcd | Hs Meth Area UnitPrice | Func % |Econ%| Adj% | Marketvalue AgTol | Meth Ag Unit Pr Ag Value
RL Residential Lot Al Y SFT 12,000.0000 040 | 100 | 100 4,800 0.00 0
RL Residential Lot Al SFT 2,000.0000 040 | 100 | 100 800 000 0
NBH% 100 EFF. ACRES 0.3210 TOTAL | 14,000.0000| TOTAL 5,600 TOTAL ]

60¢



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed | Card #, Map ID
R206758 Tax Year: 2008 | DAFONTE, BENNY J (00016109) 09/30/2003 (KENNEY) $89,340 12/28/2010( 1 266-A
5960-0216-0001-000 =
e RO Next Inspection/Reason *.|  Assessed Value Comments
ABST 162 S PARR LOTS 1-2-3 BLK 216 PT PORT BOLIVAR, TX 77650 AUDITO4-ECO OVERBUILT.
BOLIVAR $89,340
Property Situs Address
801 OVERTON AVE, PORT BOLIVAR, TX 77650
Linked Property
n
Neighborhood Exemptions/Spec. Vals
5960 -
2
Taxing Unit Information
GGAJO1;RFL;S10
Topography Utilities i a0 L L
PW,BU,SP 2 — »
Const Style Foundation Ext. Finish It Finish Roof Style Flooring 2
E sFC PB WF SR cs cp 2
2 12 55 xn °% 2 2
] Heat/AC Plumbing Fireplace Rooms Bedrooms
CH-CA 1
Sr Date Price Seller i Book/ nstrument Page
2| cvi2ai2007 MONTEAU RICHARD S JR & | 2007048771
8
o
(2]
Improvements !
Type Description StCd,HS, Type | Class Area  |AreaFactof AdjustedArea | Perimeter | UnitPrice | Yr.BRt/ActEff | Cond | %Gd | Pn% | Eco% | Fnc% |%cmp Value
MA | Main Area A1YR1 F8 1,024 1,024 29.10| 1965-1974 4 72 | 100 | 85 | 100 34,650
MA2 | Main Area 2nd Floar ATYR1 F8 924 924 27.65( 1965-1974 4 72 | 100 | 85 | 100 29,710
DG | Det. Garage A1YR1 F8 880 880 13.10| 1965-1974 4 72 | 100 | 85 | 100 13,400
OP | Open Porch A1YR1 F8 100 100 5.82| 1965-1974 4 72 | 100 | 85 | 100 680
ST Storage A1YR1 F8 440 440 13.10| 1965-1974 4 72 | 100 | 85 | 100 6,700
NBH% 190 TOTAL 85,140
Land Information
Type Description Table | STCd HS Meth Area Unit Price Func % | Econ% | Adj% Market Value Ag Tbl Meth Ag Unit Pr Ag Value
RL Residential Lot Al Y SFT 10,500.0000 040 | 100 | 100 4,200 0.00 0
NBH% 100 EFF. ACRES 0.2410 TOTAL| 10,500.0000) TOTAL 4,200 TOTAL 0

01¢



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description

5960-0190-0011-000

ABST 162 S PARR LOT 11 & 12 BLK 190 PT
BOLIVAR MH 1980 14X52 WHT/BLU

Owner Information

R206679 Tax Year: 2008 | SENSENEY, FRANK (0316703)

PO BOX 84
HIGH ISLAND.TX 77623-0084

Last Inspected

03/01/2003 (DK)

Market Value

$13,190

Card Printed

12/28/2010

Card #

Map 1D

266-A

Next Inspection/Reason *

Assessed Value

$13,190

FRO7-NC.

Comments.

Property Situs Address

723 NELSON AVE, PORT BOLIVAR, TX 77650

Linked Property

Neighborhood
5960

Exemptions/Spec. Vals

Taxing Unit Information
GGAJO1;RFL;S10

Topography

Utilities.

Length
52

Width Ext. Finish
14

Int. Finish Roof Style Flooring

Heat/AC

Attributes

Plumbing Fireplace

Rooms Bedrooms.

Sales History

UNKNOWN

Price Seller
STANDLY CHARLES & 007-04-2125

Book  Instrument Page

3265 0227

MA Main Area A2 N M1
WD Wood Deck A2 N 8P
WD Wood Deck A2 N SP

FuUB Metal Or Frame Utility Bldg A2NF

Improvements
Description StCd, HS, Type | Class Area Area Factor]  Adjusted Area

RM13 728 728
120 120
120 120

Perimeter

Unit Price Yr. Bit/ Act-Eff
20.01| 1980-1980
5.00( -

5.00| -

Cond % Gd

80
80

100

Ph% | Eco% | Fnc % |% cmp
100 | 100 | 100
100 | 100 | 100
100 | 100 | 100

100 100 100

Value
9,490
910
810

200

NBH% 190

TOTAL

11,510

Description

RL Residential Lot

Land Information

Table | sTed HS Meth Area
A2 SFT 7,000.0000

Unit Price
0.40

Func % | Econ % | Adj%
100 100 60.00

Market Value
1,680

Ag Thl Meth Ag Unit Pr

Ag Value

NBH% 100

EFF. ACRES 0.1600 TOTAL 7,000.0000

TOTAL

1,680

TOTAL

I1c



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description

R206589 Tax Year: 2008
5960-0165-0001-000

ABST 162 S PARR LOTS 1 THRU 4 BLK 165 PT
BOLIVAR & IMPS LOCATED @ 602 NOLAN

Owner Information

PARKER, ROBERT S & WF (0202514)

335 MAVANELLE COVE
HEMPSTEAD,TX 77445

Last Inspected Market Value Card Printed | Card # Map ID
12/18/2004 (KENNEY) $49,200 12/28/2010| 1 266-C
Next Inspection/Reason - Assessed Value Comments
07conf-no int shower OSreview-chngd ri to wv.SEE 5963
$49,200 NEHD FILE FOR EXPLANATION. AUDITO4-ECO
OVERBUILT. 03CONF ADJ INT UPDATES NO

Property Situs Address
601 NELSON AVE, PORT BOLIVAR, TX 77650

Linked Property

Neighborhood

Exemptions/Spec. Vals
5960

Taxing Unit Information
GGAJO1;RFL;S10

T ilitie: A
‘opography Utilities ccess 1 Other & %
Const Style Foundation Ext. Finish Int. Finish Roof Style Flooring
£ sFC PB WF SR cs cp
=§ Heat/AC Plumbing Fireplace Rooms Bedrooms 22
2
ST 1
10 or 1
E Date Price Seller Book / Instrument Page
2| osi2r2009 PARKER, ROBERT S & WF | 2009034918 s
=
H
2
w
Improvements
Type Description StCd, HS, Type | Class Area AreaFacto] AdjustedArea | Perimeter | UnitPrice | Yr.BIt/Act-EN | Cond | %Gd | Ph% | Eco% | Fnc % |%cmp Value
MA | Main Area AYRI F6 1,281 1281 23.35| 1960-1955 s | ss | 100 | 100 | 100 31,260
mAA | Main Area Addition A1Y R F6 660 660 23.35| 1960-1955 5 | s5 | 100 | 100 | e0 9,660
DG | Det Garage ATYR1 F6 660 660 11.68| 19801955 s | s5 | 100 | 100 | 100 8,060
op | openporeh ATYRI F6 250 250 5.84] 1960-1955 s | ss | 100 | 100 | 100 1,530
NBH% 190 ImpMod  90.46000000 TOTAL 45,690
Land Information
Type Description Table stca | Hs Meth Area UnitPrice | Func%|Econ%| Adj% | Market Vaiue AgTol | Meth Ag Unit Pr Ag Value
RL Residential Lot a |y SFT 3,500.0000 025 | 100 | 100 880 0.00 )
RL Residential Lot a |y SFT | 10,5000000 025 | 100 | 100 2,630 0.00 0
NBH% 100 EFF.ACRES 03210 TOTAL| 14,000.0000| TOTAL 3,510 TOTAL [)

[4Y4



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed | Card #| Map ID
R206406 Tax Year: 2008 | MOUTON, WAYNE (0481368) 03/01/2003 (DK) $14,130 12/28/2010| 1 266-C
5960-0116-0007-000
PO BOX 501 e Comments:
ABST 162 S PARR LOT 7 & 8 BLK 116 PT CRYSTAL BEACH,TX 77650-0501
BOLIVAR $14,130
Property Situs Address.
408 OVERTON AVE, PORT BOLIVAR, TX 77650
n a
Linked Property s OP &
T Vals 4
5960 |
Taxing Unit Information
GGAJOT;RFL:S10
Topography i ’ Wtilities Access ! Other 2 - a
ConstStyle |  Foundation Ext. Finish Int, Finish Roof Style Flooring
g SFC WPR WF SR cs HW
§ HeatiAC Plumbing Fireplace Rooms Bedrooms
sT 1
= Date Price Seller Book / Instrument Page
i MOUTON, WAYNE & JERRY | 2000028557 2
3 MOUTON, DARBY J & | 011-60-1670
& MOUTON ANNE 009-77-1893
Improvements.
Type Description St Cd, HS, Type Class Area Area Factor] Adjusted Area Perimeter Unit Price ¥Yr. Bit/ Act-Eff Cond % Gd | Ph% | Eco% | Fnc % | % Cmp Value
MA | Main Area AITNR1 F4 440 440 21.85| 1955-1959 5 57 | 100 | 100 | 100 10,410
GA | Garage ATNR1 F4 440 440 10.93| 1955-1958 5 20 | 100 | 100 | 100 1,830
OP | Open Porch ATNR1 F4 24 24 5.46| 1955-1959 5 s7 | 100 | 100 | 100 140
NBH% 190 TOTAL 12,380
Type Description Table sTCd HS Meth Area Unit Price Func % | Econ% | Adj% Market Value Ag Tbl Meth Ag Unit Pr Ag Value
RL Residential Lot Al SFT 7,000.0000 025 | 100 | 100 1,750 ' -
NBH% 100 EFF. ACRES 0.1600 TOTAL 7,000.0000| TOTAL 1,750 TOTAL (1]

eIe



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information o Last Inspected Market Value Card Printed | Card #] Map ID
R205583 Tax Year: 2008 | TUCKER, THELMA (0404376) 11/20/2003 (TRAVIS) $21,670 12/28/2010| 1 243D
5959-0000-0086-010
Next Iy tion/Re . Assessed Value Co
ABST 162 S PARR TR 1-A BEG AT NW COR O/L 364 COUNTY RD 4701 il e
86 E 155 S 235 W 155 N 235 OUT OF C WKAHLA | DAYTON.TX 77535-8420 $21.670 FRO4-ADD WD.
EST PORT BOLIVAR d
Property Situs Address
1220 27TH ST, PORT BOLIVAR, TX 77650 =
Linked Property.
Neighbornood Exemptions/Spec, Vals.
5959 OAHS . aik &
Taxing Unit Information
GGAJO1;RFL;S10
Topography Utilities
Const Style Foundation Ext. Finish
g SFC P8 WF = »
E HeallAC Plumbing Fireplace Roams. Bedrooms
z
ST 1
10 WD 10
E‘ Date Price Seller Book / Instrument Page "
2| ozoaroce TUCKER, THELMA 2009005635
3 HEDGE, WILLIAM A 010-32-0822 =
3 UNKNOWN 3187 0777
Improvements.
Type Description StCd,HS, Type | Class Area Area Facto] Adjusted Area | Perimeter | UnitPrice | Yr.Bit/ActEff | Cond | %Gd | Ph% | Eco% | Fnc% [% cmp Value
MA | Main Area A1YR1 F3 832 832 19.50| 1975-1978 4 76 | 100 | 100 | 100 13,560
WD | Wood Deck A1Y R1 F3 200 200 60 5.00| 2003-2003 4 76 | 100 | 100 | 100 840
NBH% 110 TOTAL 14,400
Land Information
Type Description Table §TCd HS Meth Area Unit Price Func % | Econ % | Adj% Market Value Ag Tl Meth Ag Unit Pr Ag Value
RL Residential Lot A1 ¥ SFT 6,000.0000 0.40 | 100 | 100 2,400
RL Residential Lot A1 ¥ SFT 30,425.0000 040 [ 100 | 100 | 40.00 4,870
NBH% 100 EFF. ACRES 0.8360 TOTAL| 36,425.0000| TOTAL 7,270 TOTAL 0

v1¢



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed | Card #| Map ID
R205800 Tax Year: 2008 | PYLE, KELLER W (0201748) 11/20/2003 (TRAVIS) $14,020 12/28/2010| 1 243-D
3849-0000-0055-000 )
2908 S PHONIX COVE Next Inspection/Reason Assessed Value Comments.
ABST 162 PAGE 6 LOT 55 HARDY SUB #2 ROUND ROCK,TX 78685 SHA6 FRO4-CHG COND ON DG.
Property Situs Address
1221 27TH ST, PORT BOLIVAR, TX 77650
Linked Property
3
6 EP & 73
Neighborhood Exemptions/Spec. Vals ]
=
5959
Taxing Unit Information
GGA;JO1;RFL;S10 24 DG 24
21 MA 21
Topography Utilities
LEVEL PW
Const Style Foundation Ext. Finish - ” i&
g SFC PE W
= Heat/AC Plumbing Fireplace e wp ]
<
ST 1 T
E Date Price Seller Book ! Instrument Page
.:E
8
&
Improvements
Type Description StCd,HS, Type | Class Area Area Facto] Adjusted Area | Perimeter | UnitPrice | ve.BitrActEr | cond | %Gd | Phe | Eco% | Fnc% |%cmp Value
MA | Main Area A1NR1 Fa 588 588 21.85| 1965-1969 5 64 | 100 | 100 | 100 9,040
DG | Det. Garage ATNR1 F4 384 384 10.93| 1965-1969 7 64 | 100 | 100 [ 60 1,770
WD | Wood Deck ATNR1 F4 128 128 5.00| 1965-1969 5 64 | 100 | 100 [ 50 230
EP Enclosed Porch ATNR1 F4 36 38 10.93| 1965-1969 5 64 | 100 | 100 | 100 280
NBH% 110 TOTAL 11,320
Land Information :
Type Description Table | stca | us Meth Area UnitPrice | Func% | Econ%| Adj% | Marketvalue AgTbl | Meth Ag Unit Pr Ag Value
RL Residential Lot L-53849 Al L 7.875.0000 270000 [ 100 | 100 2,700
NBH% 100 EFF. ACRES 0.1800 TOTAL 7,875.0000 TOTAL 2,700 TOTAL ]

SIC



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property 1D and Legal Description QOwner Information Last Inspected Market Value Card Printed | Card #, Map ID
R205576 TaxYear 2008; | TWHGJOHIBAMBAWR(O20159 1112012003 (TRAVIS) §52,220 12/28/2010| 1 244-C
5959-0000-0106-008
Next & sessed Comments.
ABST 162 S PARR TR 8-ABEG 310 FTW& 85 FT PO BOX 102 lext Inspection/Reason As: Value ment
S OF NE COR OJL 106 S 225 E 155 N 225 W 155 PORT BOLIVAR,TX 77650-0102 FRO4-N/C. BP94-ADD OB,
OUT OF € W KAHLA EST PORT BOLIVAR $52,220
Property Situs Address
1222 28 1/2 ST, PORT BOLIVAR, TX 77650
10
Linked Property ¢ B og
10
%
Neighborhood Exemptions/Spec. Vals
5959 OAHS 14
Taxing Unit Information
GGAJOT;RFL;S10 ;:
Topography | Utilities MA %
Const Style Foundation Ext. Finish 2 GA. 2|2
2 SFC WPR WF
o
E Heat’AC Plumbing Fireplace Rooms Bedrooms % W
ST 1 10
7 6 OP &
o Date Price Seller Book/ Instrument Page 10
2
=
w
8
=
w
Improvements
Type Description StCd,HS,Type | Class Area Area Factor] Adjusted Area | Perimeter | UnitPrice | Yr.Bit/ActEff | Cond | %Gd | Ph% | Eco% | Fne% |%cmp Value
MA | Main Area ATYR1 F8 1,560 1,560 28.65| -1969 4 69 | 100 | 100 | 100 33,520
GA | Garage A1YR1 F8 528 528 12.89| -1969 4 69 | 100 | 100 | 100 5,170
OP | Open Porch A1YR1 F8 60 60 5.73| -1969 4 69 | 100 | 100 | 100 260
EP | Enclosed Porch A1YR1 F8 80 80 12.89| -1969 4 69 | 100 | 100 | 100 780
NBH% 110 TOTAL 40,130
Land Information
Type Description Table | stca | ms Weth Area UnitPrice | Func % [ Econ%| Adj% | MarketValue AgTbl | Meth Ag Unit Pr Ag Value
RL Residential Lot Al Y SFT 6,000.0000 040 | 100 | 100 2,400 0.00 0
RL Residential Lot Al Y SFT 28,875.0000 040 | 100 | 100 | 40.00 4,620 0.00 0
NBH% 100 EFF. ACRES 0.8000 TOTAL| 34,875.0000| TOTAL 7,020 TOTAL 0

91¢



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description ‘Owner Information Last Inspected Market Value Card Printed | Card # Map ID
R206671 Tex Year 2008 | COMEAUK, BYLVAE (0202304) 03/01/2003 (DK) $25,370 12/28/2010| 1 266-A
5960-0189-0013-000

PO BOX 58 Next Inspection/Reason - Assessed Value Comments
ABST 162 S PARR LOT 13-14-15 16-17 & 18 BLK PORT BOLIVAR,TX 77650-0058
189 PT BOLIVAR $25,370

Pmpc‘rw Situs Address

724 NELSON AVE, PORT BOLIVAR, TX 77650 ] 0
13 WD 13

Linked Property

P502767 - 8600-0401-3689-000 0

Neighborhood Exemptions/Spec. Vals

5960 HS

Taxing Unit Information a2 MA a2

GGA;JO1;RFL;S10

Topography ’ Utilities Access ‘ Other

Const Style Foundation Ext. Finish Int, Finish Roof Style Flooring

-

% SFC PB WF SR cs CcP
2
g Heat/AC Plumbing Fireplace Rooms Bedrooms
-4

CH-CA 1 8 8 3 14
g Date Price Seller Book/ Instrument Page
;_: SCHULTZ BESSIE 009-43-2013 8 WD g|s OP 38 WD 8
a
X
= 7 5 0
Improvements

Type Description StCd, HS, Type | Class Area  |AreaFacto] AdjustedArea | Perimeter | UnitPrice | Yr.Bit/ActEfr | Cond | %Gd | Ph% | Eco% | Fnc% | % Cmp Value
MA Main Area A1YF F8 1,260 1,260 1950-1960 4 100 66 100 100 19,770
oP Qpen Parch ATYF F8 64 64 1950-1960 4 100 686 100 100

sTG Storage A1YF - 100 100 100 100

WD Wood Deck A1YF F8 64 64 1960-1960 4 100 66 100 100

WD Wood Deck A1YF F8 130 130 1960-1960 4 100 66 100 100

WD Woed Deck ATYF F8 112 112 1960-1960 4 100 66 100 100

NBH% 190 TOTAL 19,770

Land Information
Type Description Tale | sTCd | HS | Memn Area UnitPrice | Func % | Econ % | Adi% |  Marketvalue AgTol | Meth | AgunitPr Ag Value

RL Residential Lot Al o SFT 3,500.0000 0.40 100 100 1,400

RL Residential Lot ‘ Al h ¢ SFT 17.500.0000 0.40 100 100 60.00 4,200

NBH% 100 EFF. ACRES 0.4820 TOTAL| 21,000.0000) TOTAL 5,600 TOTAL 0

L1T



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed | Card #| Map ID
R205576 Tax Year: 2008 | EWING, JOHN DAVID & WF (0201539) 11/20/2003 (TRAVIS) $52,220 12/28/2010| 1 244-C
5959-0000-0106-008
Next Inspection/R % Assessed Val Com
ABST 162 S PARR TR 8-A BEG 310 FTW &85 FT | POBOX 102 o sl o lue ments
S OF NE COR O/L 106 S 225 E 155 N 225 W 155 PORT BOLIVAR,TX 77850-0102 FRO4-NIC. BP92-ADD OB,
OUT OF C W KAHLA EST PORT BOLIVAR $52.220
Property Situs Address
1222 28 1/2 ST, PORT BOLIVAR, TX 77650
10
Linked Property : B s
10
58
Neighborhood Exemptions/Spec. Vals
5959 OAHS 14
Taxing Unit Information 2
GGAJOTRFL;S10 =
Topagraphy ‘ Utilities MA 3%
Const Style Foundation Ext. Finish Int. Finish Roof Style Flooring 22 GA 222
8 sFC WPR WF SR cs cp
2
E Heat/AC Plumbing Fireplace Rooms Bedrooms % -
ST 1 10
& OP
E‘ Date Price Seller Book/ Instrument Page 10
@
z
P
'l
3
Improvements
Type Description StCd,HS, Type | Class Area AreaFactorl Adjusted Area | Perimeter | UnitPrice | Yr.Bit/Act-Effl | Cond | %Gd | Ph% |Eco % | Fnc% |% Cmp Value
MA | Main Area A1YR1 F8 1,560 1,560 28.65| -1969 4 69 | 100 | 100 | 100 33,920
GA | Garage A1YR1 F8 528 528 12.89| -1969 4 69 | 100 | 100 | 100 5,170
OP | Open Porch A1YR1 F8 60 60 5.73| -1969 4 69 | 100 | 100 | 100 260
EP Enclosed Porch ATYR1 F8 80 80 12.89 -1969 4 69 | 100 | 100 | 100 780
NBH% 110 TOTAL 40,130
Land Information
Type Description Table | stca HS Meth Area UnitPrice | Func% | Econ% | Adj% | Market Value AgTbl | Meth Ag Unit Pr AgValue
RL Residential Lot Al Y SFT 6,000.0000 040 | 100 | 100 2,400 0.00 o
RL Residential Lot Al Y SFT 28,875.0000 040 | 100 | 100 | 40.00 4,620 0.00 ]
NBH% 100 EFF. ACRES 0.8000 TOTAL| 34,875.0000] TOTAL 7,020 TOTAL 0

81¢



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description ‘Owner Information Last Inspected Market Value Card Printed | Card #| Map 1D
R207178 Tax Year: 2008 | ABENDROTH, JANICE H (0464150) 03/01/2003 (DK) $20,490 12/28/2010| 1 266-A
5960-0343-0015-002 5
Next Inspection/Reason ~ Assessed Value Comments
ABST 162 PAGE 2 N 1/2 OF LOTS 15 THRU 17 2214 RIPPLE CREEK DR ! "
(15-2) BLK 343 & ADJ S 1/2 OF ABND RANKIN ROSENBERG,TX 77471-5429 $20,490
AVE PT BOLIVAR TWNST .
Property Situs Address
1318 RANKIN AVE, PORT BOLIVAR, TX 77850 T
S‘v
8
Linked Property
Neighborhood Exemptions/Spec. Vals
5960
Taxing Unit Information
GGAJO1;RFL;S10 25 MA
Topography ‘ Utilties Access | Other =
Const Style Foundation Ext. Finish Int. Finish Roof Style Flooring
E sFc whL WE SR cs cP
g Heat/iAC Plumbing Fireplace Rooms Bedrooms
ST 1
s' Date = Price Seller Book/ Instrument Page 2
= ABENDROTH, CARROLD & | 013-56-0912 s o &
2 DUCLOS, L B & WF 011-04-2443 s
o UNKNOWN DEED-ON-FILE
Improvements
Type Description St Cd, HS, Type Class Area Area Factor] Adjusted Area Perimeter Unit Price Yr. Bit [ Act-Eff Cond %Gd | Ph% | Eco% | Fnc % [% Cmp Value
MA | Main Area A1YR1 BH4 576 576 24,85| 1955-1959 5 s7 | 100 | 100 | 100 15,500
OP | Open Porch A1YR1 BH4 18 18 6.21| 1955-1959 5 s7 | 100 | 100 | 100 120
NBH% 190 TOTAL 15,620
i Land Information & z
Type Description Table sTCd HS Meth Area UnitPrice | Func% | Econ%| Adj% Market Value Ag Tbl Meth Ag Unit Pr Ag Value
WF Water Front L-§5860.1 Al Y L 6,375.0000 637500 | 75 | 100 T a780 ) -
ML Marshland At Y SFT 1,875.0000 025 | 100 | 100 | 20.00 90
NBH% 100 EFF. ACRES 0.1890 TOTAL|  8,250.0000| TOTAL 4,870 TOTAL 0

61¢



PORT BOLIVAR APPRAISAL CARDS FORM RANDOMIZED SAMPLES (CONT.)

Property ID and Legal Description Owner Information Last Inspected Market Value Card Printed | Card #| Map ID
R207278 Tax Year: 2008 | STANDLEY, MANSEL W (0265589) 03/01/2003 (DK) $34,140 12/28/2010| 1 266-B
5960-0364-0011-001 i
FOBAKIAS Next Inspection/Reason * Assessed Value Comments
ABST 162 S PARR N 1/2 LTS 11- 12 BLK 364 PORT BOLIVAR,TX 77650-0143
PORT BOLIVAR $26,584
Property Situs Address
1311 15TH ST, PORT BOLIVAR, TX 77650
Linked Property
Neighborhood Exemptions/Spec. Vals.
5960 HS 5 ] ]
Taxing Unit Information 12 5T 12
GGA;JO1;RFL;S10 12 i
Topography Utilities Access Other rak s 2. 12 3 12
15F2 12 CP4 o o
Const Style Foundation Ext. Finish Int. Finish Roof Style Flooring 5 24 2
g sFC weL wF SR cs cp
’E HeatAC Plumbing Fireplace Rooms. Bedrooms
<
ST 1
=l Date Price Seller Book / Instrument Page
% GLOVER,RA 005-24-1218
3
T
5
Improvements
Type Description StCd,HS, Type | Class Area AreaFacto] AdjustedArea | Perimeter | unitPrice | Yr.Bit/ActEm | Cond | %Gd | Ph% | Eco% | Fnc% |% Cmp Value
MA | Main Area A1YR1 BHT 576 576 31.00| 1975-1977 5 71 | 100 | 100 | 100 24,080
MAA | Main Area Addition A1YR1 BH7 180 180 31.00| 1975-1977 5 71 | 100 | 100 | 70 5270
ST Storage A1YR1 BH7 144 144 15,50\ 1975-1977 5 71 | 100 | 100 | 60 1,810
CP4 | Concrete A1YR1 BH7 252 252 1.55| 19751977 5 71 | 100 | 100 | 100 530
sp Screen Porch A1YR1 BH7 72 72 9.30| 1975-1977 5 71 | 100 | 100 | 100 900
NBH% 190 TOTAL 32,600
Land Information
Type Description Table | stea HS WMeth Area UnitPrice | Func% | Econ%| Adj% | Market Value Ag Thl Meth Ag Unit Pr Ag Value
RL Residential Lot A1 Y SFT 3,850.0000 0.40 | 100 | 100 1,540
NBH% 100 EFF. ACRES 0.0880 TOTAL 3,850.0000) TOTAL 1,540 TOTAL 0

0T¢



APPENDIX C

PORT BOLIVAR SETTLEMENT LAYOUT ALONG BROADWAY AVENUE - PERMEABILITY RUBRIC STUDY

1cC



BROADWAY AVENUE DETAILED LAYOUT - A

Layout-study showing properties at (from left)
29™ Street
28 Street
28™ Street
27" Street
26 Street

o0 o

(444



BROADWAY AVENUE DETAILED LAYOUT - B

Layout-study showing properties at (from bottom)

a.

b.
C.
d

26" Street
Shewanee
25 Street
Choktaw

X4



BROADWAY AVENUE DETAILED LAYOUT - C

100 ft
20m T

Layout-study showing properties at (from left)
a. 25" Street

b. 24" street
c. 23" Street (North side of Broadway Avenue) / Ernest (South side of Broadway Avenue)

vce



BROADWAY AVENUE DETAILED LAYOUT - D

100 ft
20m T

Layout-study showing properties at (from left)
a. 22" Street

21* Street
20" Street
19" Street
18" Street

°o a0 o

gCe



BROADWAY AVENUE DETAILED LAYOUT - E
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Layout-study showing properties at (from left)
a. 14" Street

b. 12" Street
c. 10™ Street
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BROADWAY AVENUE DETAILED LAYOUT —-F
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Layout-study showing properties at (from left)
a. 9" Street
b. 7™ Street
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APPENDIX D

PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY

STREET: 29™

HOUSE: 1

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

Offset from access

road<road width

Offset from access

road>road width
Boarded/solid plinth
Exposed plinth
Column height>average
storey height
Column height<average
storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms v

No bracings

Braced at one direction

Braced at opposite

directions

Braced at multiple

directions
No attachments A
Front patio/deck
Rear/side patio/deck
Wrapping verandah

Street view

Broadway Avenue view

8¢CC



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 20

HOUSE: 1

Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access | v
road
Offset from access road
<road width
Offset from accessroad | ¥
>road width
Boarded/solid plinth
Exposed plinth
Column height =
average storey height
Column height < Ry
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/side patio/deck N
Wrapping verandah

Street view

6CC



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 22 HOUSE: 1
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments A
Front patio/deck
Rear/side patio/deck
Wrapping verandah

Anel view

Street view

0€¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET:23 HOUSE: 1
[treet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access | v
road
Offset from access road
<road width
Offset fromaccessroad | v
>road width
Boarded/solid plinth
Exposed plinth
Column height = N
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms v
Enclosed with rooms
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck N
Rear/side patio/deck A
Wrapping verandah

Agiel view

Street view

1€¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 23

HOUSE: 2

3Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <

average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms

No bracings

Braced at one direction

Braced at opposite

directions

Braced at multiple

directions
No attachments
Front patio/deck N
Rear/side patio/deck W
‘Wrapping verandah

Asiel view

Street view

(454



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 23

HOUSE: 3

Btreet orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <

average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms N

No bracings

Braced at one direction

Braced at opposite

directions

Braced at multiple

directions
No attachments N
Front patio/deck
Rear/side patio/deck
Wrapping verandah

B

Aniel view

Street view

€eT



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 23 HOUSE: 4 ‘

Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from Ry
access road
‘Width wise from access
road
Offset from access road | ¥
<road width
Offset from access road
>road width

Boarded/solid plinth v
Exposed plinth
Column height >
average storey height
Column height <
average storey height

Open with columns

Columns with a room
Columns with rooms
Enclosed with rooms N
No bracings A
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments V
Front patio/deck
Rear/side patio/deck
Wrapping verandah

ved



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 25%

HOUSE: 1

Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access |
road
Offset from accessroad | v
<road width
Offset from access road
> road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms v
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck N
Rear/side patio/deck v

‘Wrapping verandah

Anel view

Street view

Gee



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 25% HOUSE: 2 ‘
£
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access | ¥
road
Offset from access road |
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth N
Column height >
average storey height
Column height <

average storey height

Open with columns
Columns with a room

Columns with rooms
Enclosed with rooms v

No bracings v
Braced at one direction
Braced at opposite

directions

Braced at multiple

directions
No attachments
Front patio/deck v
Rear/side patio/deck
Wrapping verandah

Aniel view

9¢¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 25%

HOUSE: 3

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

Offset from access road
<road width
Offset from access road
> road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms ~
Enclosed with rooms
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck K
Rear/side patio/deck R
‘Wrapping verandah

Street view

LET



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 25%

HOUSE: 4

PBtreet orientation

Ground elevation

Ground enclosure

Extemnal bracings

Extemal attachments

Length wise from
accessroad

Width wise from access
road

Offset from accessroad
<road width
Offset from accessroad
>road width
Boarded/solid plinth
Exposed plinth
Column height>
average storey height
Column height <
average storey height
Open with colunms
Columns with a room
Columns with rooms

Enclosed with rooms v

No bracings

Braced at one direction

Braced at opposite

directions

Braced at multiple

directions
No attachments
Front pato/deck
Rear/side patio/deck
Wrapping verandah

Anel view

Street view

8¢C



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 25 HOUSE: 1
PBtreet orientation Ground elevation Ground enclosure Extemal bracings Extemal attachments
Length wise from
access road
Width wise from access
road
Offset from accessroad
<road width
Offset from accessroad
>road width
Boarded/solid plinth
Exposed plinth
Column height>
average storey height
Column height <
average storey height
Open with columns
Columns witharoom |
Columns with rooms
Enclosed with rooms
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/side patio/deck
‘Wrapping verandah

Anel view

Staeet view

6¢¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 25 HOUSE: 2 ‘
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access | «
road
Offset from access road | +
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth ]
Column height >
average storey height
Column height <
average storey height

Open with columns
Columns with a room
Columns with rooms

Enclosed with rooms v

No bracings N

Braced at one direction

Braced at opposite

directions

Braced at multiple

directions
No attachments
Front patio/deck
Rear/side patio/deck N
‘Wrapping verandah

Agiel view Street view

01¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 26%

HOUSE: 1

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth
Exposed plinth

Column height >
average storey height

Column height <
average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms v

No bracings

Braced at one direction

Braced at opposite
directions

Braced at multiple
directions

No attachments

Front patio/deck

Rear/side patio/deck

Wrapping verandah

Anel view

Street view

IvC



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 26% HOUSE: 2
£
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access | ¥
road
Offset from access road | +
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height < N
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms N
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/side patio/deck R
Wrapping verandah

Street view

e



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 26%

HOUSE: 3

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

‘Width wise from access
road

Offset from access road

<road width

Offset from accessroad | v

>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <

average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms

No bracings

Braced at one direction

Braced at opposite

directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/side patio/deck N
‘Wrapping verandah

Street view

eve



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 26%

HOUSE: 3'

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth
Exposed plinth

Column height >
average storey height

Column height <
average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms

No bracings

Braced at one direction

Braced at opposite
directions

Braced at multiple
directions

No attachments

Front patio/deck

Rear/side patio/deck

Wrapping verandah

144



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 26%: HOUSE: 4 }
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from N
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road | v
>road width
Boarded/solid plinth
Exposed plinth K
Column height >
average storey height
Column height =

average storey height

Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms v

No bracings A
Braced at one direction
Braced at opposite

directions

Braced at multiple

directions
No attachments
Front patio/deck N
Rear/side patio/deck
‘Wrapping verandah

Anel view Street view

Sye



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 26

HOUSE: 1

[F

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

2

Offset from access road

<road width

Offset from accessroad | v

>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height =

average storev height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms

No bracings

Braced at one direction

Braced at opposite

directions
Braced at multiple
directions
No attachments
Front patio/deck N

Rear/side patio/deck R

‘Wrapping verandah

Arnel view

Street view

9r¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 26

HOUSE: 2

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

2

Offset from access road

<road width

Offset from accessroad |

> road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height =

average storev height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms v

No bracings

Braced at one direction

Braced at opposite

directions

Braced at multiple

directions
No attachments
Front patio/deck ~
Rear/side patio/deck

Wrapping verandah

Street view

Lye



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 26

HOUSE: 3

Btrect orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access | ¥
road
Offset from access road
<road width
Offset from access road | v
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns K]
Columns with a room
Columns with rooms
Enclosed with rooms
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/ side patio/deck N
Wrapping verandah

8¥¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 26 HOUSE: 4
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms v
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

Street view

61¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 26 HOUSE: 5 ‘
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from R
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from accessroad | v
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height < N

average storey height

Open with columns N
Columns with a room

Columns with rooms
Enclosed with rooms

No bracings
Braced at one direction
Braced at opposite

directions
Braced at multiple v
directions
No attachments
Front patio/deck
Rear/ side patio/deck N
‘Wrapping verandah

Ariel view Street view

0s¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET:27% HOUSE: 1 ‘
[Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from N
access road
Width wise from access
road
Offset from accessroad | v
<road width
Offset from access road
>road width
Boarded/solid plinth ]
Exposed plinth A
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms v
Enclosed with rooms
No bracings A
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
Noattachments
Front patio/deck N

Rear/ side patio/deck
Wrapping verandah

._ .,.,.S!l—i':q‘ﬁlliﬂ‘;
M=)

Aiel view Street view Rearview

54



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 27 HOUSE: 2 ‘
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access | ¥
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth v
Exposed plinth
Column height =

average storey height
Column height =
average storey height

Open with columns
Columns with a room
Columns with rooms

Enclosed with rooms v

No bracings v

Braced at one direction

Braced at opposite

directions

Braced at multiple

directions
No attachments N
Front patio/deck
Rear/ side patio/deck
‘Wrapping verandah

Street view

(44



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET:27%

HOUSE: 3

Btreet orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

‘Width wise from access
road

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth v
Exposed plinth Y]
Column height >

average storey height

Column height <
average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms v
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions

No attachments

Front patio/deck

Rear/ side patio/deck

‘Wrapping verandah

Street view

o

€s¢C



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 27 HOUSE: 1
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms Kl
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

Street view

144



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 27

HOUSE:2

Btreet orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

‘Width wise from access
road

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms B

No bracings

Braced at one direction

Braced at opposite
directions

Braced at multiple
directions

No attachments

Front patio/deck

Rear/ side patio/deck N

‘Wrapping verandah

Anel view

Street view

994



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET:27

HOUSE: 3

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <

average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms v

No bracings

Braced at one direction

Braced at opposite
directions

Braced at multiple
directions

No attachments

Front patio/deck

Rear/ side patio/deck

Wrapping verandah

Asiel view

Steeet view

9¢¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 28 2 HOUSE: 1
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with col
Columns with a room
Columns with rooms v
Enclosed with rooms
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/ side patio/deck
‘Wrapping verandah N

Broadway Avenue view

LST



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 28

HOUSE: 2

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

‘Width wise from access
road

Offset from access road

<road width
Offset from access road
>road width
Boarded/solid plinth v
Exposed plinth
Column height >
average storey height

Column height <
average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms v
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions

No attachments

Front patio/deck A

Rear/ side patio/deck

‘Wrapping verandah

——

8S¢C



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 28 ' HOUSE: 3 ‘
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from N
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road | v
>road width
Boarded/solid plinth v
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms v
No bracings N
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/ side patio/deck
‘Wrapping verandah v

Street view Rearview

65¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 28 HOUSE: 1 ‘

Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from R
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road | v
>road width

Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height < W
average storev height

Open with columns
Columns with a room R
Columns with rooms
Enclosed with rooms
No bracings ~
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments N
Front patio/deck
Rear/ side patio/deck
‘Wrapping verandah

ke L 2L

Aniel view Street view Rear view

09¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 28 HOUSE:2
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms v
Enclosed with rooms
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck W
Rear/ side patio/deck W
Wrapping verandah

Rearview

19¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue HOUSE: A ‘
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from Ay
access road
Width wise from access
road
Offset from access road
<road width
Offset from accessroad |
>road width
Boarded/solid plinth
Exposed plinth
Column height > N
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms N
Enclosed with rooms

No bracings
Braced at one direction | ¥
Braced at opposite

directions

Braced at multiple

directions
No attachments A
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

Agiel wew Street view

9¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue

HOUSE: A'

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height =
average storey height
Open with columns
Columns with a room
Columns with rooms L.
Enclosed with rooms

No bracings

Braced at one direction

Braced at opposite

directions

Braced at multiple

directions
No attachments A
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

Agiel view

Street view

€9¢C



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue HOUSE: B ‘
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from N
access road
Width wise from access
road
Offset from access road
<road width
Offset from accessroad | V
>road width
Boarded/solid plinth
Exposed plinth
Column height > Y
average storey height
Column height =

average storev height

Open with columns
Columns with a room

Columns with rooms v
Enclosed with rooms

No bracings v
Braced at one direction
Braced at opposite

directions

Braced at multiple

directions
No attachments A
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

Anel vew Street view

v9¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue HOUSE: C ‘

Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from Ay
access road
Width wise from access
road
Offset fromaccessroad | v
<road width
Offset from access road
>road width

Boarded/solid plinth N
Exposed plinth
Column height >
average storey height
Column height <
average storey height

Open with columns
Columns with a room
Columns with rooms N
Enclosed with rooms
No bracings v
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments h
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

Aniel view Streel view

§9¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue

HOUSE: C'

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth
Exposed plinth

Column height >
average storey height

Column height <
average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms ~

No bracings

Braced at one direction

Braced at opposite
directions

Braced at multiple
directions

No attachments

Front patio/deck

Rear/ side patio/deck

Wrapping verandah

99¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue HOUSE:D ‘

Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access | «
road
Offset from access road
<road width
Offset from access road | v
>road width

Boarded/solid plinth v
Exposed plinth
Column height > Y
average storey height
Column height =

average storeyv height

Open with columns
Columns with a room A
Columns with rooms
Enclosed with rooms

No bracings
Braced at one direction |
Braced at opposite

directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/ side patio/deck \-‘
Wrapping verandah

-1

L9T



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue

HOUSE: D'

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth
Exposed plinth

Column height >
average storey height

Column height <
average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms ~

No bracings

Braced at one direction

Braced at opposite
directions

Braced at multiple
directions

No attachments

Front patio/deck N

Rear/ side patio/deck R

‘Wrapping verandah

Anel view

Street view

89¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue

HOUSE:E'

Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth K
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments N
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

Street view

69¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue HOUSE:F
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from W
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road | v
>road width
Boarded/solid plinth v
Exposed plinth
Column height >
average storey height
Column height <
average storeyv height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms v
No bracings

Braced at one direction

Braced at opposite

directions

Braced at multiple

directions
No attachments
Front patio/deck

Rear/ side patio/deck \-‘

Wrapping verandah

E.‘_....._—’———————_

(= Fv—-l-l’ |

Aol view

0LC



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue

HOUSE:F'

Btreet orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

‘Width wise from access
road

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth i
Exposed plinth
Column height >
average storey height
Column height <

average storeyv height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms v

No bracings

Braced at one direction

Braced at opposite

directions

Braced at multiple

directions
No attachments N
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

Street view

ILT



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue

HOUSE: G

Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from Ry
access road
Width wise from access
road
Offset from access road
<road width
Offset from accessroad |
>road width
Boarded/solid plinth v
Exposed plinth
Column height =
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms v
No bracings v

Braced at one direction

Braced at opposite

directions
Braced at multiple
directions
No attachments
Front patio/deck ~

Rear/ side patio/deck W

‘Wrapping verandah

LT



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue HOUSE: G'
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth v
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms v
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck v
Rear/ side patio/deck
‘Wrapping verandah

€LT



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue HOUSE:H |
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from N
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road | v
>road width
Boarded/solid plinth
Exposed plinth
Column height > A
average storey height
Column height <
average storey height
Open with columns
Columns with a room )
Columns with rooms
Enclosed with rooms
No bracings N
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments \
Front patio/deck
Rear/ side patio/deck
‘Wrapping verandah

Aniel view Street view

vLT



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue

HOUSE:I

Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height =
average storey height
Open with columns
Columns with a room A
Columns with rooms
Enclosed with rooms
No bracings

Braced at one direction

Braced at opposite

directions
Braced at multiple
directions
No attachments
Front patio/deck ~

Rear/ side patio/deck W

‘Wrapping verandah

SLT



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue

HOUSE:J

Btreet orientation

Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height > A
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments N
Front patio/deck
Rear/ side patio/deck
‘Wrapping verandah

9LT



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue HOUSE:K ‘
e
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access | ¥
road
Offset from access road
<road width
Offset from accessroad |
>road width
Boarded/solid plinth
Exposed plinth
Column height > A
average storey height
Column height <
average storey height
Open with columns v

Columns with a room
Columns with rooms

Enclosed with rooms

No bracings

Braced at one direction

Braced at opposite v

directions

Braced at multiple

directions
No attachments N
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

Aniel view Street view

LLT



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue HOUSE:L ‘
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from R
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road | v
>road width
Boarded/solid plinth
Exposed plinth K
Column height >
average storey height
Column height <

average storev height

Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms K

No bracings b
Braced at one direction
Braced at opposite

directions

Braced at multiple

directions
No attachments
Front patio/deck w‘
Rear/ side patio/deck
‘Wrapping verandah

Adiel view Street view

8LT



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Broadway Avenue HOUSE:M
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access | «
road
Offset from access road
<road width
Offset from access road | v
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms \
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments
Front patio/deck
Rear/ side patio/deck A
‘Wrapping verandah

Aaied view

Stovet view

6LC



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Emnest

HOUSE: 1

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

2

Offset from access road

<road width

Offset from accessroad |

>road width
Boarded/solid plinth
Exposed plinth
Column height >

average storey height

Column height =
average storey height

Open with columns

Columns with a room N

Columns with rooms

Enclosed with rooms

No bracings

Braced at one direction

Braced at opposite
directions

Braced at multiple
directions

No attachments

Front patio/deck

Rear/ side patio/deck

Wrapping verandah

08¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Emnest HOUSE: 2
Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storev height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms K
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments N
Front patio/deck
Rear/ side patio/deck
‘Wrapping verandah

Agiel view

Street view

18¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: 22 HOUSE: 1
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
‘Width wise from access
road
Offset from access road
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms
No bracings v
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments y
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

(414



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Madison-16% HOUSE: 2 I
Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from N
access road
Width wise from access
road
Offset from access road
<road width
Offset from accessroad | v
>road width
Boarded/solid plinth
Exposed plinth N
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room

Columns with rooms
Enclosed with rooms b

No bracings Ry
Braced at one direction
Braced at opposite

directions

Braced at multiple

directions
No attachments W
Front patio/deck
Rear/ side patio/deck
‘Wrapping verandah

Asiel view Street view

€8¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Madison Avenue

HOUSE: S

Btreet orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from +
access road
‘Width wise from access
road
Offset from accessroad |
<road width
Offset from access road
>road width
Boarded/solid plinth
Exposed plinth Y
Column height >
average storey height
Column height <
average storey height
Open with columns
Columns with a room
Columns with rooms
Enclosed with rooms v
No bracings
Braced at one direction
Braced at opposite
directions
Braced at multiple
directions
No attachments y
Front patio/deck

Rear/ side patio/deck

Wrapping verandah

Ariel view

Street view

¥8¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Madison Avenue

HOUSE: T

Street orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from

access road

‘Width wise from access | «

road

Offset from accessroad |

<road width

Offset from access road

>road width
Boardedsolid plinth
Exposed plinth
Column height >
average storey height
Column height <
average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms B

No bracings

Braced at one direction

Braced at opposite
directions

Braced at multiple
directions

No attachments

Front patio/deck K

Rear/ side patio/deck

‘Wrapping verandah

G8¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Madison Avenue HOUSE: U l

Street orientation Ground elevation Ground enclosure External bracings External attachments
Length wise from
access road
Width wise from access
road
Offset from access road
<road width
Offset from accessroad |
>road width

2

Boarded/solid plinth
Exposed plinth A
Column height =
average storey height
Column height =
average storey height

Open with columns
Columns with a room

Columns with rooms
Enclosed with rooms v

No bracings Kl
Braced at one direction
Braced at opposite

directions

Braced at multiple

directions
No attachments N
Front patio/deck
Rear/ side patio/deck
Wrapping verandah

Asiel view Street view

98¢



PERMEABILITY RUBRIC - BROADWAY AVENUE DETAILED STUDY (CONT.)

STREET: Madison

HOUSE: 3

Btreet orientation

Ground elevation

Ground enclosure

External bracings

External attachments

Length wise from
access road

Width wise from access
road

2

Offset from access road

<road width

Offset from access road

>road width
Boarded/solid plinth
Exposed plinth
Column height >
average storey height
Column height =

average storey height

Open with columns

Columns with a room

Columns with rooms

Enclosed with rooms v

No bracings

Braced at one direction

Braced at opposite

directions
Braced at multiple
directions
No attachments
Front patio/deck W

Rear/ side patio/deck

Wrapping verandah

L8T



288

VITA

Chamila Tharanga Subasinghe Arachchilage Don received his Bachelor of
Science (Built Environment) with Second-Class Honors, Upper Division (equivalent
of Magna Cum Laude) from University of Moratuwa, Sri Lanka in 1997, and his
Master of Science in Architecture from the same University in 2000. As a Royal
Institute of British Architects (RIBA) qualified chartered architect, he has worked in
academia as well as in the industry both locally and internationally.

Dr. Subasinghe entered the Doctoral Studies in the Department of
Architecture at Texas A&M University in August 2006 under the Fulbright program
as one of the three principle fellowship recipients of that year. His research interests
include natural hazard resiliency of spontaneous settlements, sustainability of
progressive housing and socio-cultural production of urban open spaces. He plans to
publish his ongoing research work on disaster resiliency of urban spontaneous
settlements, focusing on Bolivar Peninsula after Hurricane Ike in 2008.

Dr. Subasinghe may be reached at 146 College of Design, lowa State

University, Ames, IA 50011. His email is chamila_sad@yahoo.com.



