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Preface

1. THEORIGINS OF THENOTION OFRESILIENCE ANORESILIENTCITIES

The term resilience was introducednto the English language in the early 17tifCentury from
the Latin verbresilire, meaning to rebound or recoil. In 1973Crawford Holling first introduced the
concept of resilience to ecology and thenvironment [1]. The concept of resilience now
increasingly appears in scientific articles, covering topics from psychology to management and
strategy.

Rapid urbanization in the world from 28.3% in 1950 to 50% in 201(2], their environmental
impacts in multiple spatial scales andheir vulnerability to natural hazards and risks has brought
the notion of resilient cities to the forefront. The study of urban resilience and planning began in
earnest in the late 1990943]. The concept and topic of resilient cities was first introduced by
Godschalk4] and Picke et al.[5]. The main focus of early studies was on physical and
infrastructure improvements to mitigate impacts of external changes and disturbancg$§] and
responding actively and positively to riskg[7].

2. DEFINITIONS OFRESILIENCE ANORESILIENTCTIES

Holling originally proposed the concept of resilience as a descriptive ecological terf®,9]. In
the context of ecology, resilience igeferred to as a basic capacity of an ecosystem to maintain
desirable services when confronting environmental changeand human exploitation[10]. In
another definition, resilience is the capacity oécologicalsocial systems to minimize disorder
from disturbances and maintain the feedbacks, processesid necessary inherent structures of the
system[11].

Holling [12] described urban resilience as the ability of a city to absorb disturbance while
maintaining its functions and structures. This is similar to ecological resilience and does not
address the ability to recover from a loss of function or change in the face oflisturbance. Lu and
Steadg] AAA OEEO DPOTI PAOOU AT A OAOGEI EAT AA AO A OUOOAI &
That is, resilience can be seen as minimizing disturbances (anange) through actions to prepare
for and respond to acute and chrord disturbances. It represents an oigoing process, a timescale
of reshaping, reorganizingand developing new adaptive strategief6].

Based on resilience thinking, approaches to affect the urban environment have evolved from
static protective-conservative to continuous systemic, crosslinked and dynamic[13]. In cities and
urban regions, new planning strategies intend to avoid structural changing, fragmenting, and
isolating natural habitats[14]; hydrological system failures[15]; and changes in the enagy flow
and food cycleqd16]. All of these conditions lead to lower resilience and make urban systems
more vulnerable. By addressing the shocks (earthquakes, firdlkods, etc.) and stresses
(inefficient public transportation system; endemic violence; orchronic food and water shortages),
a city becomes more adagtble andresponsive to adverse events and can better deliver basic
functions toits populace.

In recent years, substantial organizational efforts have been made towards promoting
Resilient Cities. These efforts includehe selection of 100 Resilient Cities pioneered by The
Rockefeller Foundation, theAnnual Global Forum on Urban Resilience and Adaptation (ICLEI), the
Making Cities Resilient: ‘My City is getting ready!" campaign Byhe United Natons Office for
Disaster Risk Reduction (UNISDR), and The Center Resilient Cities.



3. THEU.S-IRANSYMPOSIUM ONRESILIENTCQTIES

Iran and the U.S. share common issues related to community development and urban
planning. The similarity is particulaty sharp between the US southwest and Iran with its multiple
large cities, limited water supply, transportation issues, high temperatures and heat island effects,
and air pollution potential from natural and manmade sources. As such, to promote science
diplomacy and improve understanding of this important topic and its breadth,lte Symposium on
Resilient Cities was held on 1.8 June, 2014 in Irvine, California, USAhe Symposium was
organized by the University of ArizonaNational Academy of Sciences @nSharif University of
Technology and attended by scientists frominiversities in the United States and Iran.

The goal of the U.9ran Symposium on Resilient Cities was to gather experts in the various
fields of resilient cities to discuss and inform orthe important aspects of this issue based on
experiences in the two countries.

4. RESEARCHFIELDS OFRESILIENTCTIES

The scientific committee of the U.S. Iran Symposiuon Resilient Cities, after several meetings,
decided to break down issues of Resilig Cities to three main areas as follows:

I Development of resilient cities

The focus of this portion of the symposium was on strategies and policies to plan and attain a
resilient community. Presentation topics included maintaining the diversity of ecosysin services
that improve the urban landscape, short and long term policy development to enhance community
resilience, and approaches tarban planning andassessment.

9 Atmosphere of resilient cities

At the core of a resilient community is a social fabric fandividuals and communities to thrive.
This atmosphere of weltbeing and security relates to both the individual and society. Talks in this
area ranged from developing and maintaining social capital such as institutioasd social
networks to aesthetics diversity of social interactions, and economic opportunities and resources.

9 Uitilities of resilient cities

The foundation of resilient cities is the ability to provide services and resources through
physical infrastructure. Discussions in these session®weered innovations in lifeline
infrastructures through enhanced knowledge of sources of internal and external disturbances,
improvements to gain robustness against failure, and preparation to respond to and recover from
natural disasters.

5. WHAT WE LEARNED FROM THESYMPOSIUM ONRESILIENTCTIES

Overall, the content of the Symposium was highly appreciated by the participanihe
purpose, results and outcomes were regarded as relevant and meaningful. In particular, the broad
scope of the presented topics ahfields reinforced the need for interdisciplinary thinking and
collaboration to solve these complex problems. If the notion of resilient cities is to move from a
scientific trend and buzzword to lastingpractical strategies, resilience requires proper,drmal,
and agreed upon definitions and indicators. Further, participating scientists and engineeagreed
that these universal problems need international solutions. The Symposium focused on the
following:

9 Developing integrated metrics to measure resilieay of urbanregions.

9 Emphasizing multidisciplinary studies incorporating social, economic, cultural,
environmental and spatial dimensions of the urbarenvironment.



i Developing mitigation and adaptation strategies such as reducirgreenhouse gas
emissions, aldressing climate change, renewable energy, anmahproving urban
structures.

Over the three days, in addition to formal presentations, three breakout sessions were
convened on the aspects of resilient cities noted above. Notes from those sessions are
included in these proceedings.
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BREAKOUTSESSION INFRASTRUCTURE AND UIITIES
The group identified a set of questions/issues that shdd be addressed to move the field ahead

Fundamental concepts

How can we add redundancy/resilience/reliability to systems? Physical, planning, community
inputs. Interdependence between infrastructures is critical and should be treated as a system of
systems

SMART systems/data
Is a SMART infrastructure resilient? Contributes to demand side management and long term
sustainability. Are they more fragile (likely to fail)?

Disturbances

What failures/disturbances should be considered and how does their coigeration affect resilience
and reliability?

Disturbance types are both shock (acuteearthquake, hurricane) and slow and progressive
(chronic z climate change, population growth).

Are they different or treated separately/independently?

Measuring propeties
How to measure resilience/sustainability and its related objectives? What indices/metrics are
available?

Decision making/tradeoffs

What is the balance of cost/(resilience/robustness) and what are the tradeoffs between
$/resilience and other socialobjectives?

Who makes decisions/how to represent tradeoffs?

Knowledge/training
Are lessons transferable given differences between locations with respect to geography and human
conditions?

Education is needed
- On resilience/robustness
- For engineers and tke general public

BREAKOUTSESSION URBANPLANNING ANDSOCIALASPECTS

Present Conditions
1. Cities have become the major type of settlements the new century. More than 60 percent of
people live in cities around globe
2. Cities are complex systems: system of siems, including social, economic, natural and man
made (physical) systems
3. Rapid growth of cities, during recent decades, has increased the interdependencies of its
subsystems
Changing conditions have increased the risk of hazards for cities.
Natural and man-made hazards have different processes and impacts on cities.

ok
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6. Considering the risk of natural hazards for cities, in a global scale, we are in a condition of
uncertainty in prediction of hazards, inefficiency in prevention of vulnerabilities and
shortagein mitigation of risks.

7. Resilience is a term with different meanings for different disciplines.

What to Do

1.

2.

Approach

a. Adopting a holistic approach for risk reduction in cities, based on a systemic view.

b. Finding common grounds for defining resiliency.

c. Definition of resiliency by considering these aspects: resilience of what, to what, for whom?

d. Collaboration between different disciplines dealing with various aspects of city resilience.

e. Inclusion of social science perspectives; urban geography, behavior saies, psychology,
etc. in resilience studies.

Research

a. Encouraging interdisciplinary and multidisciplinary research for resilient cities.

b. Ground truthing of broad models, assessments and hypothesized functions; for example:
links between ecological structue and function, testing landscape ecology principles,
testing efficacy and scaling of green infrastructure and restoration

c. Study on indices for measuring resilience in different aspects and levels of urban systems.

3. Education

a. Developing education for risk eduction and resiliency in different levels.

BREAKOUTSESSION EARTHQUAKE ANDCLIMATE

1.

Need Indices

a. Find quantitative measures of resiliency

b. Resiliency multidimensional

c. Distinguish between daily steady state (climate) and uncertain extreme events (EQ)
d. Integrate human impact with engineering parameters for resilience

Educating Citizens
a. change behavior- local activities effect global
b. public awareness and early warning
c. TAAA Cci1 OAOT I AT 6 O1 AiI1OEAAO OEA AT 1 OANOAT AAO
Multidisciplinary/Interdisci plinary
Resilience will not happen without cooperation of different fields
b. takes time, need a common language
c. Sustainability z gradient; Resiliencez system state characteristic
d. Integrate concepts resilience and sustainability- health effects with planning; recycling of
debris from construction sites

Products

a. Joint research efforts with a paper as a tangible product
b. Work on a paper - get visibility

o
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U.S:Iran Symposium on Resilient Cities A

June 1618, 2014

: e THE UNIVERSITY sqjonal acapemy — Sharif University
Irvine, California OF ARIZONA OF SCIENCES of Technology

Urban Resilience and Peace-Building in Cities of Conflict

ScottA. Bollens
Professor, University of California, IrvingCalifornia, USAbollens@uci.edu

Abstract

This paper examines how urban policies and strategies can help build peace and irtgoup co-
existence in cities of intense political conitt. The discussion synthesizes findings from hundreds of
interviews with political leaders, planners, architects, community representatives, and academics in
the politically contested cities of Jerusalem, Beirut, Belfast, Johannesburg, Nicosia, Sarajelstar,
"ElT AATh AT A "AOAATTT A8 30AE AEOEAOcoAsOdus gidbpsi AOEUAA
divided by religion, language, and/or culture and perceived history have been or currently are in
deep and intractable conflict over issues of politidacontrol and sovereignty. Recommended
intervention strategies and tactics are to engage in equity planning that addresses underlying root
issues use planning process and deliberations to empower marginalized groups; create flexibility
and porosity of urban built form; intervene in city landscape with sensitivity to differences across
sectarian geographies; protect and promote the collective public sphere; and emphasize sht@tm
tactical physical interventions while articulating a peacepromoting long-range strategic vision.
11 OET OCE OOAAT AAOQGEIT O AATTT1 O AOAAOGA PAAAA xEAOA
what urban policies can do, however, and it is significant, is to create physical and psychological
spaces that can caontribute to, and actualize, political stability and ceexistence in cities. Urban
interventions need to be part of a broader and multfaceted approach addressing root issues of
political grievance related to political disempowerment and institutional bias.

Keywords: Peace-Building, Urbanism, Polarized Gties
1. INTRODUCTION

Planning interventions and policies in cities can play supportive and even catalytic roles in
regional and national peacebuilding. There exist several types of practical policy approaches able
to move dties of deep ethnic and nationalistic conflict toward greater normalization of daily and
political life. This discussion synthesizes findings from 17 years of research involving over 240
interviews with political leaders, planners, architects, community epresentatives, and academics in
the politically contested cities of Jerusalem, Beirut, Belfast, Johannesburg, Nicosia, Sarajevo, Mostar,
"E1TAATh AT A "AOAATTTA rpY¥Y8 4EAOA AEOEA@scidu®A ODI |
groups? divided by religion, language, and/or culture and perceived history have been or
currently are in deep and intractable conflict. Ethnic identity and nationalisncombine to create
pressures for group rights, autonomy, or even territorial separation.
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Cities matter amid natobnalistic and ethnic inter-group conflict. Many immediate and existential
foundations of inter-group conflict frequently lie in daily urban life and across local ethnic divides
and, importantly, it is at this micro level that antagonisms can be most dirdgt influenced by
government interventions aimed at their amelioration. After overt conflict and war, debates over
urban space and its remaking can become potent proxies for addressing unresolved and inflamed
socio-political issues that are too difficult b directly confront after societal breakage [2]. The city is
important in peace-building because it is in the streets and neighborhoods of urban agglomerations
that there is the negotiation over, and clarification of, abstract concepts such as democracy,
fairness, and tolerance. Debates over proposed projects and discussion of physical place provide
opportunities to anchor and negotiate dissonant meanings in a posonflict society; indeed, there
are few opportunities other than debates about urban life whie these antagonistic impulses take
such concrete forms in need of pragmatic negotiation. The city, asserts Berman [3], offers perhaps
the only kind of environment in which modern values such as tolerance and freedom can be
realized. Peacebuilding in cities seeks not the welpublicized handshakes of national political
elites, but rather the more mundane, yet ultimately more meaningful, nods of respect and
recognition of ethnically diverse urban neighbors as they confront each other in their daily
interactions.

Lefebvre [4] views cities as the territorial locations most likely to generate democratic institutions
and practices. The importance of the local place is brought out by Harvey [5], who argues that
globalization should be rooted in human experience ral specific places rather than linked to
illusory, universal ideals that cause more harm than good on the ground. He contends that
DOl AAOOAOG AEI AA AO EOOOEAA AT A 1 EAAOAOQCEIT OAAT TA
Dl AAA 1 AEET)CRI8se and Btgen [6] gdentify several local policy domainsincluding
governance, social welfare, public services, housing, transport, employment, and building of
inclusive public spaces that can be employed in ways to increase institutional and territdal
inclusion and help build durable urban bridges.

It is in a city where urban practitioners and leaders must do the hard work of creating the
practical elements of a multinational democracy, one that avoids the extremes of an engineered and
subordinating assimilation, on the one hand, and an unbounded and fractupgone
multinationalism, on the other. Such a balancing act takes place most fundamentally in decision
making forums and lived experiences grounded in the city. Through our shaping of the citye
construct the contours of multinational democracy.

But you cannot show me-even supposing democracy is possible between victors
and the people they have capturedwhat a democratic space looks like. What effect
can the mere shape of a wall, the curvef@ street, lights and plants, have in
weakening the grip of power or shaping the desire for justice?

Anwar Nusseibeh [7] (p. 274)
The politics of conflict is hard to relate to urban desigfi7] (p. 274).

Planning practitioners intervening in ethnically volatile cities operate in a political labyrinth,
AT 1 £Z01 1T O0ET ¢ OEA OAT 1 OOAAEAOI OUh EAET OUT AOAOGEAR Al
divided cities and rival groups [8] (p. 172.) They are faced with a challenging dilemmato respond
to group wishes and sharpen territorial identity or to focus on the commonalities of the city and
lessen divisions. For some urban scholars, the key is for practitioners to become more attuned to
group identity as a criterion within planning processes and decisias [9-13]. This implies an
OA@bAT AAA OEAxo6 1T &£ PIATTETIC POAAGEAA xEAOAET bl Al
intergroup relations [14]. For others, the critical objective is for planners to recognize but also help
transcend such urban and scietal divisions [15,16]. Borja and Castells [17] assert that city

OAOGEAAT 6068 AAEI EOU Ol i AET OAEI AEOOET AO AOI OOOAI
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needed amidst globalization; at the same, communication between cultures must be presdnt
counter cultural fragmentation and local tribalism.

Cities, by definition, are about conflict and contested space. It's how you manage
conflict that is the issue.

Paul Sweeney, Advisor, Department of the Environment for Northern Ireland
(interview) [ 18]

A common reaction by planners and policymakers in politically contested cities has been to
create urban spaces that are anonymous or neutral in character, assuming that if space belongs to
no one in particular that it can be used by everyone. Yet, Sath[19] cautions against such an
approach, asserting that charactetess neutrality actually helps us learn how to hide from
AEEEAOAT AA8 4EA 1T DPAT AT T OEAAOAOQGETT 1 & OEI T AT AAR 1
repressed and not openly ackawledged [19]. Is there a way, alternatively, for policymakers to
more openly acknowledge group based differences and their important influences on urban life and
function, and to build an urban policy framework for understanding and dealing with such
differences in constructive ways? Can practitioners in urban polarized places go beyond the
Oi AT OOA T &£ 1AOOOCATI EOUs AT A AT CACA 11T OA Agbl EAEODI
publics? [§ (p. 171). It is to this possibility that | now turn.

| examine interventions and strategic approaches that employ urban planning and policy to
advance urban peace and eexistence. Many of these strategies seek to enhance urban stability and
mutual co-existence through manipulation of the built environment. Suchmodification of the built
environment amid conflict and contestation is certainly not an engll. Practitioners must not fall
into an environmental determinist frame, believing that changes in the physical environment shape
social behavior so extensivelythat urban peace will result. Planning actions will not turn around a
society that is politically splintered or unraveled; they cannot create peace where it does not exist
ET DPATPI A6O EAAOOO AT A O1 OI 08 7EAO CuOrtAdhd crebté | EAEAC
physical and psychological spaces that can-@ontribute to, and actualize, political stability and ce
existence in cities. Deeply entrenched problems of nationalistic conflict are certainly not amenable
to simple, onedimensional solutions. Thus, urban planning interventions need to be part of a
broader and multi-faceted approach addressing root issues of political grievance related to political
disempowerment and institutional bias.

In the face of conflict and violence, the challengs inot whether public authorities should or
should not take action amidst an unstable city. In almost all cities, governments take action when
the personal safety of their middle and upper classes is threatened. Rather, the question becomes
what types of governmental actions will be undertaken and how these can contribute to urban
peace, stability, and mutual ceexistence. A common response by politicians and developers in the
midst of such crises is to buildwalls and dividers, increase police and militarypresence, and build
gated communities that seal the middle class, elites and members of an advantagedjioup away
from problems. Yet, actions that creatghysical segregation of groups or facilitate psychological
separation may purchase shorterm relief at the costs of longterm societal instability. An
exclusionary, unequal metropolis does not enhance urban stability and @xistence. Rather, it is
the increased interaction of diverse groups and individuals in workplace and neighborhood and the
normalization of urban fabric, in combination witha frontal assault upon the root issues of political
grievance, that are critical elements in the strengthening of urban eexistence in politically
contested cities.

Urban policymakers and practitioners in the felds of planning, urban design, and engineering
EAOA xEOEET OEAEO bPi xAO OEA AAPAAEOU O & O06AO0 A
built on sustainable ceexistence rather than constructed through the more conventional means of
police and miltary might and walled and divided districts.
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2. INTERVENTIONSTRATEGIES ANDIACTICS

I advance for consideration by local government administrators and nongovernmental
organizations a set of citybuilding and urban design principles that aim to mitigate so@-economic
and political tensions in situations of intergroup conflict.

2.1. Engage in [uity Planning That AddressesJnderlying Root Issues

Material improvement in urban life is essential to enhancing human welbbeing for those least
well off or historically disadvantaged, but is not sufficient in cities of nationalistic conflict if
processes of political inclusion, acknowledgement and reconciliation are absent. It is crucial that
policymaking aimed at alleviating the urban symptoms of poverty and inequalitype linked with
policies that directly confront the structural inequalities and power imbalances that are at the root
of inter-group conflict and violence. Development interventions should not only address physical
urban inequalities, but seek to counterndividual and group-based feelings of historic grievance,
marginality, disempowerment, and discrimination. In postconflict situations, reconstruction must
not solely be physical but also address the social and psychological scars that remain after the
active conflict period ends. The psychological and political insecurities that led to intergroup
violence and physical division, if left unaddressed after active conflict, will obstruct spatial and
political normalization over time.

Planning practitioners ard policymakers should be cognizant of, and seek to counter, the
OOOOAOO0OAT AAOOAO 7 ihgee mehdsigel faktor® tha€ ke bérdnie AliitOnto the
policies, structures and fabric of a society and which create the paonditions for violent conflict
[20]. Urban strategies and interventions should be targeted in ways that address the local
manifestations of longterm structural causes of conflict and tension. Development and planning
priorities involving the allocation of basic infrastructure, rvices, and employment assistance
should be used to counter individual and grougbased feelings of marginality, disempowerment,
and discrimination; in addition, they should address the meeting of basic human needpublic
services, human rights, employmenbpportunities, food and shelter, and participation in decision
making. Several types of governance programs can compensate for past marginalization
employment equity initiatives, political inclusiveness mechanisms, municipal assistance to
community organizations, increased access and equity in service delivery, améicism initiatives,
and use of inclusive municipal images such as symbols and language [21]. Building capacity for a
historically disadvantaged group in the city may require some autonomy in ti governance,
sufficient and contiguous land available for development, mobility and permeability of city
boundaries, and security.

The use of planning and policymaking to advance redistribution and reconciliation borrows

AO0T 1T OEA OANOE Oth dévélobédibf An@edcanAuBb&nGthdlars Davidoff [22] and
Krumholz and Forester [23], a strategy based on social justice goals that employs progressive
Ppi ATTEIT ¢ AAOGETTO O1 1 AOOAT OOAAT ET ANOGBAITEGE AOI
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cities of Medellin and Bogota, where there has been the purposefahd progressive use of public

investment (in particular, parks, open space, and transit access) to enhance poorer areas and lessen

crime rates [24,25]. Under former Mayor Enrique Penalosa, Bogota positioned the-d&ection of

urban priorities and policies as key in promoting social equity and instituted a policymaking model

based on equal rights of all people to transportation, education, and open space.
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2.2. UsePlanning Process andeliberations toEmpowerMarginalized Goups

Urbanists and planners have powr emanating from the fact that they engage at the interface
between the built environment and political processes. Urbanists have the ability to connect the
local/urban level to the national/political level, to link everyday problems faced by city residets to
unjust political structures that underlie and produce these urban symptoms. In three of the cases |
have studied, urbanists used neighborhoodbased planning deliberations to empower marginalized
groups and to connect to broader political opposition @ existing regimes. In Johannesburg during
the last years of the South African apartheid regime, protests over local payments for rent and city
services in Greater Soweto were connected by local activists to more fundamental challenges of the
apartheid state, in particular the need to restructure local government along nomacial lines. In
Belfast, working class neighborhood planning efforts countering plans for demolition and
population displacement existed alongside the Catholic republican insurrection agst the state
and British direct rule [26]. And, in Barcelona, urbanists during the Franco regime helped local
neighborhood groups connect local placéased problems to larger political ailments [27].

The process of planning and policymaking is itself iportant and should be used in a deliberate
fashion to empower excluded groups and build civil society. Project design and interventions
should empower those groups in the city working toward peaceful solutions and eexistence, and
the process of projectdesign should be structured to increase communication across different
urban groups. In cities of competing nationalistic group identities, public participation from the
start is vital in urbanism processes. Beyond the project benefits, this participatioim deliberations
is of vital significance in reconstructing a politically contested and fragmented city because it
demonstrates how democratic deliberation works. The process of planning and urban development
should be organized in ways that engage city s@ents across ethnic backgrounds in projects
having common and shared benefits.

Inclusive processes can generate new relationships and new knowledge about how to cope
with, and address, intergroup conflict. Concrete, tangible city building issues provida laboratory
and incubator for crossethnic intergroup dialogue, negotiations, and joint production of outcomes.
In contrast to the common wintlose psychological dynamic associated with ideology, identity, and
nationalism, negotiations over tangible urbanprojects and issues often allow for wiAwin
situations. These inclusive processes should not be viewed as a dimae, project-based endeavor,
but rather as sustained over time and ongoing. Such processes allow participants to get to know
each other as prgmatic partners, even if nationalistic differences remain. The planning process
should be positioned not as a technical exercise, but as a social, political, and organizational
mechanism that can increase feelings ofi¢lusion, recognition, and group selvorth.

2.3. CreateHexibility and Porosity ofUrban Built Form

Urban planning and policy interventions should seek as much flexibility of urban built form as
possible, choosing spatial development paths that maximize future options. Except in conditions
where extreme need dictates their use, walls, urban buffers, and other urban forms that delineate
physical segregation of groups or facilitate psychological separation should not be built. This
strategy allows for greater mixing and freedom of choice of populains in the future, if and when
inter-group conflict abates and there can be some normalization of urban living. This does not
constitute an integration or coercive assimilation strategy, but rather seeks to create an urban
porosity that allows normal, hedthier urban processes to occur when individuals and governments
are ready.

The design of spaces to encourage interaction and positive behaviors should be prioritized
ahead of design approaches that discourage unwanted behavior and commonly separate and
contain antagonistic groups. In spaces constructed to encourage interaction, there should be an
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absence of undesirable, intimidating, and single group identifying artifacts. Instead, there should be
functional and aesthetic equal treatment of different ethit users of such facilities as multicultural

community centers. Facilities and activity zones should be built that attract desired clientele who
can crowd out undesirables. In terms of specific project or building design, there should be dual
entry/exit wa ys for antagonistic communities so that a facility is perceived by all as located in

shared space but is nonetheless functionally connected to ethnic space on either side. Uses that

promote interaction are distinctly different from designs such as target &rdening, access control,
fences and physical boundaries, natural territorial enforcement, and natural surveillance that
retard interaction.

A strategic intervention approach to increasing flexibility and porosity of urban form places
premiums on actions & borders and interfaces that exist between different ethnic neighborhoods.
It is at these places where different parts or layers of the city meet that hybridization can increase,

AT1TTAAGETI ¢ PATPI A AT A AAOEOGEOEAO TAKNO60BXI Ed YOO # OR AK

urban porosity must take place, however, simultaneous with or after the addressing of core issues
of political inequality, disempowerment, and group identity that ignites nationalistic conflict.
Absent such engagement with root causeof conflict, interventions such as the building of streets in
a way that encourages travel across different parts of the urban fabric or the creation of ethnically
mixed housing complexes may actually stimulate violence and conflict [30]. It is criticglimportant

to address core issues prior to, or concurrent with, manipulation of urban built form. With core
issues included as part of the strategy, urban interventions can increasingly knit different parts of
the city together and have an increased chapecto enhance mutual ceexistence in residential and
non-residential environments.

Creating flexibility and porosity of urban form should not be confused with integration of
individuals and groups. Indeed, intergroup segregation is an important means fortability in the
short term. Amid nationalistic conflict and material imbalances, the mixing of population is not
possible in the short term and there often is the need to maintain group identity boundaries. Peace
processes can make identity boundaries uncwin and permeable. Thus, in the short term, such
boundaries should be respected so that feelings of fear and threat do not retard progress in peace
building. Usually interaction between urban ethnic groups would lessen conflict, but positive
evolution in intergroup relations that is natural in other cities is not possible in polarized cities if
political root issues and grievances are unaddressed. Efforts to bring peoples together prematurely
will increase? not attenuate? conflict, at least in the short tem. At the same time, public
interventions should not foreclose through the physical hardening of divisions theption of ethnic
integration for those people and groups who are ready for such a move in the future if and when
the city normalizes.

2.4. Intervenein Gty Landscape withSensitivity to DifferencesAcross theSectarian Geographies

When contemplating interventions into the polarized city, planners should be cognizant of
AEZEEAOAT AARO AAOGxAAT OOAAT AOGETEA EITIT AT AT EO6
interfaces. In cities where ethnic and religious identity are primary drivers of political action, local
authorities should, through their regulatory powers, locate sensitive land uses having cultural and
historic salience (churches, mosques, privatechools, monocultural community centers) within
urban ethnic homeland neighborhoods identified with specific cultural groups. At the same time,
they should encourage in interface, or frontier, areas between cultural neighborhoods those types
of land uses ttat encourage mixing of different groups in a supportive environment. Joint and mixed
land uses (public space, residential, commercial) can be intentionally placed at interface areas
between competing (potentially conflicting) groups of an ethnic or otherdentifiable nature. In this

Al
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use or pass through to the other side without being cut off; continuity replaces cuffs and
enclaves; porosity replaces borders

In order to combat hardened enclaving and partitioning created during conflict periods,
policymakers should establish a clear spatiaactical programming orientation to future urban
interventions that includes prioritization and sequencing components. i some urban districts,
connectivity across the ethnic divide is a suitable goal, in others, consolidation of ethnic
T AECEAT OETT AO OET OI A AA DPOAAI ET A1 08 7EAOA OEAOA A
the enhancement of permeability of spatiabivisions through joint use and mixed activities should
be a first priority. Interventions should seek connectivity and linkages building outward from
middle class or ethnically mixed areas. In contrast, consolidation of ethnic territoriality and identity
OET O A AA OEA COEAETI ¢ AOEOAOEIT xEAOA OEAOA AQEO
violence, and the presence of ethnic militia guardians.

4AEEO E1 OAOEAAA OOOAOGACU OOAO OEA OOI £#66 AACAO 1
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this thinking, Israeli planner A. Mazor [32] uses the metaphor of a river whose banks are on
separate sovereignties. Rather than being seen as a dividing line, the river can be viewed as
providing mutual benefit, wherein "both sides can row together in the river without being regarded

as crossing the border." Spaces are constructed malleably enough to permit constant alterations
and shifts; porous and malleable demarcations are established rather than confining and
exclusionary boundaries. Planners and policymakers should also seek to proactively counter
development patterns that are potential precursors to physical partitioning in contested urban
settings--biased urban service distribution, residential group clustering, grong symbolism of local
residential territoriality, and emergence of informal ethnic demarcations in residential space [8]

In cities such as Belfast where there are efforts to advance national political progress through
local actions, planners in housing ad development ayencies are debating the tactics and timing of
interventions aimed at normalizing the hardened sectarian geographies of that citf/he Northgate
development strategy of the mid1990s in volatile North Belfast illustrates how there could behe
tactical introduction of a new development project to justify physical alterations to a potentially
inflammatory interface area. It also shows how a public agency is capable of analyzing the potential
social, spatial, political and psychological impastof their actions on ethnic community identity. The
analysis takes stock of each of the major participant groups in the urban siglystem and how
negative public reaction may be mitigated within a contested, sectarianized environment.

The local problems i the planning are@ Duncairn Gardens were multiple and intense [33]. A
DAOI ATAT O PAAAAXAIT xAO Ai1 OOOOAOAA AOOET C OEA O
New Lodge neighborhood from the Protestant Tiger's Bay neighborhood. Catholic housing stpck
insufficient to meet demand, was endangered further by violence. Much of the Catholic housing
fronting the peacewall had front sides grated to prevent damage from petrol bombs, and back doors
were used instead for access. Tiger's Bay was fast becomingteost town due to Protestant out
migration with major dereliction of building stock. The remaining Protestant population felt
frightened, embattled, and insecure (B. Murtagh, interview) [34]. Into this volatile ethnic
environment, public authorities proposed an economic development district on the Protestant side
that aspired to create neutral and mutually beneficial territory. There would also be redevelopment
AT A AT TOT 1 EAAQGETT 1T 4&£ ETI OOEIC EI 4ECA080 "dtws 4EA
of this line of confrontation; as one government participant stated (identity withheld upon request),
this represented a "novel approach for effectively fudging the line of division."

The Northgate strategy employed a finely tuned sensitivity to sectenism and its social, spatial
and psychological correlates; ttis report by DOENINorthgate Enterprise Park: Interim Report was
never published. This confidentiality is indicative of the perceived sensitivity of dealing with
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sectarianism in a candid way The project itself never broke ground. &tarian geography is mapped
in detail, documenting potentially inflammatory Catholic residential incursion into formerly 'mixed'
areas. The report states that "there is a collective perception in the Protestant gér's Bay
community of being gradually outflanked by Catholic territory." Most revealing of government's
awareness is the section examining the possible community responsefsom local residents, local
politicians, local church authorities, and local commeial interests--to DOENI's economic and
housing actions. The area is characterized as one of mutual suspicion, home to strong paramilitary
organizations on both sides, and where Protestants are afraid of the Catholic spread into Tiger's
Bay. The major prdlem, cites the DOENI report, is that the project "might be opposed on sectarian
grounds, as taking away too much of the former Tiger's Bay area." The working group worries that
"major irrational opposition could create significant obstacles; and that mangf the local residents
could be easily persuaded by individual politicians or others claiming to represent the community."
To diffuse possible negative reaction, the report suggests that an existing Tiger's Bay community
group with views sympathetic to the project's overall goals be nurtured and supported. In this way,
local politicians and extremist residents may be effectively countered.
In order to guide public interventions in contested urban settings toward more ethnically
sensitive outcomes, plannes should develop new methodologies that will evaluate in systematic
ways the effects on urban ethnic groups of proposed land uses of certain types (those having
cultural importance) and in certain spatial areas (areas of interface and mixing). Ethnic imgia
assessments can explicitly account for potential socigsychological impacts of the proposed land
use on the respective cultural communities of the city, and should be used in the decisioraking
process regarding development proposals. Planners shoulAAE OfI O AAOOGOAT A O
OOOOAOOOA 1T &# OEA AEOU ET OAOI O T &£ EAAT OEOU AT A DA
OET O1 A AA 11 OOPAAAO | AEliveEsasEes thdt havelow fevel® af Austiandl AT AOA
where people feelvulnerable and defenseless against conflict [35]. In such volatile areas, an ill
conceived project can activate latent urban tension to a more intense level.
Ethnic impact analysis at the urban level may borrow some of the nascent methodologies being
developed by international and nongovernmental organizations. An example of confligensitive
analysis pertaining to public intervention is United Nations Development Programme [36], which
advocates for a better understanding of the linkages between developmieand conflict. It proposes

A T AOET AT 1 I-@QAIIhA GRA T A ERIG i AT O AT A1 UOEOGh xEEAE £
underlying issues that lay the foundation for conflict and upon which more visible and immediate .
causes take place. The Federdtil I £ #A1 AAEAI -OTEAEPAI EOEAO EAO bBC
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of all municipal activities in conflictprone areas [37]. Meanwhile, a group of nongovernnmsal

organizations recognizes that development can help prevent violent conflict, yet sometimes also

ET AAOAOOAT Ol U AGAAAOAAOA EOh AT A AAI 1 O &£ O COAAOA
and development project planning [20].

2.5. Protect andPromote theCollective Public Sohere

In order for the seed of urban stability and ceexistence to grow, the public sphere should be
developed physically. Planners should revitalize and redevelop public spaces, historic areas, and
other urban public assetsas places of interaction and neutrality that promote healthy intergroup
and interpersonal life. Instead of focusing on the inflammatory choice between segregation versus
integration of residential areas, concentration on improving public spaces offers third approach
less politically difficult. Here, there is the push for mixed public spaces rather than mixed
neighborhoods. The goal is to enable increased cresghnic mingling in non-hostile, non-polarizing
public environments rather than try the more ®ntentious approach of having different ethnicities
co-habitat residentially.
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The physical creation of public spaces, as part of a comprehensive set of interventions that
address root issues of conflict, can encourage activities that are the grounds femraking an urban
cross-ethnic citizenship. In Barcelona, in the early democratic years after Franco, architects and
designers employed small scale and contegensitive improvements in numerous public spaces
throughout working class neighborhoods as a wayo illuminate the benefits of the new democracy
[27]. Public areas can facilitate mix and contact among a heretofore fragmented populous, facilitate
and provide avenues for collective expression, and can contribute to cohesion and social equality.

2.6. Emphasiz Short-term Tactical Physical Interventions While Articulating a Peacepromoting
Longrange Srategic Vision

Planning and development agencies should balance emphasis on creating a peaenoting
long-range vision with short-term physical interventions that create and reinforce urban peace.
Longrange visions should clearly demarcate a break from the past and articulate a shared city of
co-existence. At the same time, for actions in the short term, development agencies should
concentrate on specific inteOAT OET 1T O ET OEA OOAAT AEAAOEA OEAO EA
daily lives and that illuminate principles of inter-group mutual co-existence and tolerance. These
improvements should have explicit and noticeable equalization objectives and be focusedgoorer

areas and in areas where aggrieved groups live.

! OO0OO0OAOACU T &£ OOOAAT AAODPOTI AOOOAG Ai 1 OEOOO 1 E
potentially wide-OAT CET ¢ Ei PAAOOS6 xEEAE AOA OAAI EUAAT A ET [/
interventions in polarized cities should occur at strategic points in the urban fabrc points of
rupture, stagnation, trauma, and dysfunction. These interventions contribute to activating places by

i AEET c ATTI AA()EI T o A1l A AA'AAOE'LQ Al O AQ@@A@@@TA@O bb'l' /
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commonly more suited to politically contested cities than is longange, comprehensive master
planning with its efforts at control and order at a larger scale.

Smalkscale tactical interventions should seek to modify or soften the rigidities of confliet
period community dynamics in a local area. Wood and Landry [39] suggest that particular attention
AA PAEA O1 OUT-houging an&Eneifibdrtiodd$s, Gdhdation, workplace, marketplace,
sports, arts, and the public domain (both public space and public institutions). The making of
intercultural spaces should focus on these domains of dag-day exchange rather than try to create
highly designed and engineered spaces that lack salience to everyday life.

Public interventions in the physical landscape should have a spatitdctical orientation that
both repairs past damage and disparities and sets the foundation for more organic iggetion of
divided districts. Postconflict urbanists will need to address city spaces of overt conflict and war
that have robust psychological and symbolic meaningsplaces of loss, fear, and martyrdom that
often contain different and opposing interpretations [40]. In its most blatant forms, the legacies of
conflict consist of sites of domination and control that embed historical differences and create
physical legacies of inequality and denial. In addressing reconciliation through urban interventions,
there should be the acknowledgement of the eexistence of multiple groups and narratives rather
OEAT OEA ET OAOEPOEIT AT A EiIiPIOEOEIT T &£ 111U OEA O

In the end, politically contested cities challenge us to confront wheér we are hopeful or
pessimistic about our ability to get along together. A puzzle faced by policymakers in multicultural
cities--whether Beirut or Los Angeles, Sarajevo or New York, Jerusalem or Amsterdam, Johannesburg
or Paris-is a basic one that forcesis to confront our own beliefs and predilections. In an urban
situation where there are antagonistic, or potentially antagonistic, ethnic or racial groups, do we as
city-builders create opportunities for these groups to mix and interact or do we accommotia and
reinforce the development of ethnically pure neighborhoods and districts? Decisions such as these will
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send emotive symbols to future generations about what we either aspire to in hope or accept in
resignation.
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Abstract

Cities are canplex and dynamic Meta systems in which technologicalnd socialcomponents
interact. They are made up of dynamic linkages of physical and social networks. Planning for
resilience in the face of urban disaster require designing cities that combine seeminly opposite
characteristics, including redundancy and efficiency, diversity and interdependence, strength and
flexibility, autonomy and collaboration, and planning and adaptability. We are just beginning to
realize the scope and magnitude of the challengésherent in making our cities resilient to threats
from natural hazards and terrorism. To meet these challenges, a national resilient cities initiative,
aimed at the vision of the resilient cityis the goal that coves all types of hazard mitigation. To
succeed, this initiative will require changes in national disaster policy, funding for basic and applied
urban systems research, support for advanced education prograand active collaboration among
the city planning, design and construction professions.

Keywords: Sustainability, City, Resilience
1. INTRODUCTION

With the September 11h, 2001 attacks, New York City sustained an iconic urban systemic shock.
Three years after a monumental stornHurricane Katrina, only an estimated two thirds of the pre
Katrina population remains and large areas of the city sit vacant. New Orleans aswhole is
struggling to develop the capacity to adapt and to rebounfl]. While these twoexamplesmight not
seem comparablethey both point to the importance of designing cities tha are resilient.

Rapid urbanization and growing megacities point to a need for smarter and more resilient
cities that possess the capacity to withstand the shocks of population growth, world economic
crises, rapid demogramic shifts in population, and environmental catastrophes. In addition,
resilience must also be displayedn terms of events that have anore long term horizon such as
when we see cities in declineCities are complex and interdependent systems, extremely vulnerable
to threats from both naural hazards and terrorism. The very features that make cities feasible and
desirable--their architectural structures, population concentrations, place of assembly, and
interconnected infrastructure systems-put them at a high risk to floods, earthquakedurricanes,
and terrorist attacks. Increasing support for the notion of resilient cities is found in the hazard
mitigation literature. Godschalk et alproposed a sustainable mitigation policy system whose goal is
developing resilient communities, capableof managing extreme eventg2]. Many other recent
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disaster studies also call for thedevelopment of resilient communities. Beatly noted that a
sustainable community is resilientseeking to understand and live with the physical and
environmental forces present atits location [3]. Vale andCampanellaexplore the historic meanings
of resilience and urban traumal4]. Despite such interest in the concept of resilient communities,
few studies have formulated systematic principles of resilience and applied therat city scale.
Regardingthe above, it is essential to understandwhy a city must be resilient How can cities,as
complex systems be resilient? Building capacity for resilience may ba daunting task when one
considers the multitude of components,processes and interaction that take place within and
introduce a conceptual framework for launching a resilient city national initiative. This framework
entails changes in national disaster policy, funding for basic and applied urban systems research,
support for advanced education prograns and active collaboration among the city planning, design
and construction professions.

2. WHAT IS ARESILIENTATY

When resiliene is the aim, it is crucial to understand what the term means and whatresilient
city should comprise. As may be expected, there are many definitions of a resilient citgnging
from very narrow to very broad and reflecting different cultural values.

Ore feature that seems to always be present i© O O O A maRi@gEcémmunities and cities
stronger against forces that put their citizens and structures at risk. Generallyesilience is also
linked to sustainable principles. To the World Bank, for example(@ resilient city is one that is
prepared for existing and future impacts, thereby limitingtheir magnitude and severityd The
Wi O A 50AAT &1 OO0I 60 6 Atakes & ke corfiried &prbagh ahdOlihkd® b
resilience to the ability of a city to expad its production base(e.g.from dependingon one industry
to attracting and embracinga broader base and economy)

9AO0 AT 1T OEAO AAEET EOEIT T ETEO OAOGEI EAT AA AEOAAODI I
make through crises, [possess] innerstrength and resolve, as well as appropriate built formand
DEUOEAAI EINYEOAOOOOAOO0AL

The European Environmentt CAT AU j %%! q OAAO A OAOEI EAT O AEOU
dynamic: consuming transforming and releasingmaterials and energy in anadaptive way and
interacting with other ecosystems, tackling mitigation and adaptation efforts and addressing
quality of life through better and greener urban planning6] .

As a final and comprehensive approachthe International Council for Local Enviroimental

=

A city that supports the developmentof greater resilience in its institutions, infrastructures,

social and economidife.

1 Resilientcities reduce their vulnerability to extreme events and respond creatively to economic,
socialand environmental change in order to increase their long term sustaability.

1 Resilient city activities are sensitive to distinctive unique local conditions and origins. Efforts
undertaken to prevent crisis or disasterin one area should be designedn such way as to
advance the community resilience and sustainable development in a number of areas.

T RAOEI EAT O AEOEAO AAZET A A AT i POAEAT OEOGA OOOAAI
implications in the field of urban governance, infrastructure, finance, design, social and economic
development, and envionmental resourcemanagement

1 Local resiliency with regard to disasters means that a locale is able to withstand an extreme
natural event without suffering devastating losses damage, diminished productivity, or quality
of life and without a large amount of assistance from outside the communifg].

9 Aresilient city is a sustainable network of physical systems and human communities.
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Physical systems are the costructed and the natural environmental components of the city.
The physicalsystem actas the body of tle city: its bones, arteries, ad muscles.During a disaster,
the physical system must be able to survive and function under extregnstresses. A city without
resilient physical systems will be extremely vulnerable to disasterdduman communities are the
social and institutional components of the city. They includéhe formal and informal, stable and ad
hoc associations that operate iran urban area:schools, neighborhoods, agencies, organizens,
task force and the liken sum, the communities act as the brain of the city, directing its activities,
responding to its needs and learning from its experience. During a disaster, the comnity
networks must be able to survive and function undr extreme and unigueconditions. If they break
down, decision making falters and response drags. Social and institutional networks exhibit varying
degrees of organization.

Resilient cities are construted to be strong and flexible, rather than brittle and fragile. Their life
line systems of roads, utilities, and other support facilities are designed to continue functioning in
the face of rising water, high winds, shaking ground and terrorist attacks.

3. WHY ISRESILIENCHMPORTANT

Resilience is importantfor two reasons

First, because the wvulnerability of technological and social systems cannot be predicted
completely, resilience-the ability to accommodate change gracefully and withoutatastrophic
failure--is critical in terms of disaster[9]. If we knew exactly when, whee, and how disaster would
occur inthe future, we could engineer our systems to resist them. Since hazards planners must cope
with uncertainty. It is necessary to design cities that canope effectively with contingencies.

Second people and property should fare better in resilient cities struck by disasters than in less
flexible places faced with uncommon stresg10,11]. In resilient cities, fewer building should
collapse, fewer poweroutages should occur andfewer households and business should be put at
risk. Fewer deaths and injuries should occur Fewer communications and c@rdination
breakdowns should takeplace.

Some skeptics argue that the pursuit of community resilience is laadhle butunpractical using a
conceptual framework based on the theoretical models of mitigation, recovery, and structural
cognitive interaction. Tobin examined data from the state of lbrida to assessthe possibility of
developing sustainable, resilient communities, analyzing the state as a whole ratherthan any
individual cities [12]. Tobin concluded that major (unlikely) changes in politicabwareness and

existing demogaphic traits, spatial patterns, and hazard conditions.

4. QUALITY THAT CHARACTERIZE ASUSTAINABLEQTY

A sustainable city is one that is reducing its ecological footprinits resource consumption, land
consumption and waste production,whilst simultaneously improving its quality of life (its heath,
housing, work opportunity and livability). The three characteristicsof a sustainable city are thus
[13]:

T4EA AEOU OOAAIrealinkts)tA it @colGuiedl 0diprinhaddithat it cannot continue to
expand its useof energy, and water and materials.

1 The city sees its innovations in economic and social development to be essential but not divorced
from the need to reduce its footprint. Mosiprograms must do more for people with less from the
earth.

1 The city has agovernance system that rewards sustainability innovation that integratesthe
contributions from the business, community andgovernment. That rejoices in the creative
expressions of its artist in expanding sustainability sensitivities tha build its particular
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sustainability approaches on the identity and sense of place in the city and communicates it for
all other cities to learn from.

5. RESILIENCEAND/ ORSUSTAINABILITY

Resilience and sustainability are not mutually exclusive but should b seen as powerful
companions to shape both the future planning and daily management of citieSustainability
represents the end goal thaforward -thinking cities are pursuing, to secure a good quality of life for
all people, today and to the future, thragh strong and prosperous communies, a vibrant
stewardship of both localand global environmental assetsResilience works wthin the context of
long-term sustainability objectives but specifically embrace the turbulencef daily life. Resilience is
about learning with the spectrum of risks that exist at the interface between people, the economy
and the environment and maintaining an acceptable stability or equilibrium in spite of continuasly
changing circumstances.Resilience also addresses the indepeedcies between systems and
minimizes O1 &£ OAOAAT OCADP O ThereforeQ &€ddin plankihgla@didesiyisOwdd
seek to measure performance against both resilience and sustainability indicators

There are two more points that a resilient city needdo take into consideration. One is that
becoming resilient is a process that demands continual improvement and that, by definition is an
ever-evolving effort. This processis adaptive because it aims at @ontinual improvement of the
decisions taken (e. gin rethinking urban planning, in increasing local renewablesnergy supply or
in putting alert systems in operation) and the actionmplemented. Thesecond point that a resilient
city needs to consideris that resiliency should be embedded in the contexiof sustainability.
Resilient solutions, which are largely addressethrough climate change adaptation, climate change
mitigation, and disaster risk reduction need to contribute to the ameliom@tion of environmental
degradation and of the realities of povery and inequality, as shown inFig. 1 below. Otherwise,
solutions will not be effective in the long term.

Sustainability

Resilience

Climate Change Adaptation/Mitigation

Disaster Risk Reduction

Figure 1: The context of resiliencg¢14].

As Fig. 1 shows, addressingdisaster risk reduces vulnerability, as do sustainable measures to
deliver climate change (and mitigation, at least in long term). These two fieldsdisaster risk
managementand climate change adaptatiory are becoming closer in their approaches, as disaster
risk management moves from reactionto also including prevention as major djectives. These
effors AT EAT AA A AT 1 | D@skiehdd Ghd setodd biygedt Bafh &hdthey contribute to
sustainability and to the longterm prevalence of communities cities,and human biodiversity only
if they are shapedwith sustainability criteria (the biggestball).
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6. THECOST ANDBENEFITS OFBEINGRESILIENT

There is abundant literature on the economic costs and benefits of adaptation and mitigatio
xEAOAAOG OEA A1 OO0 1 £ OAOEI EAT AA OAIl AEOGn®sndrtivgyA OT AOA
to reduce the need for dedicated adaptation funding and to efficiently use resources to reduce
vulnerability in cities is to incorporate climate change, adaptation and resilience criteria into
presentinvestments on urban fixed assets (many of with stem from private sector). This concept
I £ OOAOCEI EAT AA ODBCOAAE Iss8iliericd Hy théeasin itsgeffolmancd-iisi ¢ OE A
ability to deliver a high quality of life and quality services to its residents. Instead of approaching
thetopE A T £ AAADOAOEIT AT A AEOAOOAO OEOE &EOI i A DPAOG
benefits of that smart, climatezproof investments that can deliver to the cityand to the service or
product providers (Figs.2 and 3).

4EA %OOI bA AP0 statedylisl cén@red;on growth. It aims to achieve smart growth,
sustainable growth and inclusive growth. Growth in a world that is dominated by unsustainable
practices, where the global population depletes natural resources and ecosystem services éast
than the planet can replenish them, is a major challenge. The symbolism used by the global
footprint network to describe the problem of growth and unsustainable use of resources is an
effective way to transmit the message: today we consume the resourceguivalent to 1.5 planet
eaths7s OEAO EOh EO OAEAO OOEA AAOOE 11T A UAAO AT A OEC
and to absorb the waste we generate and by year 2020 we are likely to need two planet earths
[15].

Sustainability

Resilience

Climate Change Adaptation/Mitigation

Disaster Risk Reduction

GROWTH. Sustainable? Inclusive?
Conventional? ...

Figure 2 Striking a balance ktween growth, sustainability, resilience, climate change adaptation/mitigation
and disaster risk reductiori14].

Sustainability

Resilience

Climate Change Adaptation/Mitigation

Disaster Risk Reduction

Figure 3 Framework for resiliencevork at the local leve[14].
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The complicatedsystems of cities and regions neethanagement on variousévels. To name but
a few, the economy, the social sectoand personnel are allmanaged in one way or another.
Managing tasks individually and sectorally, however, is most often inefficient and leads to increased
workload and weak results.Re-organizing and integrating existing practices, plan and strategies
under one steering whee] the integrating management system (IMS), will systemize the work,
boost efficiency and provide a multitude of positive outcome It will direct all available resources
towards the goals defined and secure the transparency and democratic principles of decision
making. In theIMS, the effort lost in running several parallel management systems can be turned
into sustainability. The IMS consists of five major steps repeated in annualycles. Althoughthe
system follows an annual gcle, full revision will be required once per election periodand
preferably at the outset.

7. CONCLUSIONBUILDING RESILIENTQOTIES AS ANATIONAL PRIORITY

Cities are complex and dynamic metaystems in which technological and social components
interact. They are madeup of dynamic linkagesof physical and social networks.Planning for
resilience in the face of urban disaster requires designing cities that combine seemingly opposite
characteristics, including redundancy and efficiency, diversity and interdependence, strength and
flexibility, autonomy and collaboration, and planning and adaptability. We are jusbeginning to
realize the scope and magnitude of the challenges inherent in mak our cities resilient to threats
from natural hazards and urban terrorism.To meet these challenges, | propose a natiahresilient
cities initiative aimed at the vision of the resilient city as the goal thabridges natural hazard
mitigation and counterterrorism practice. To swcceed this initiative will require changes in national
disaster policy, funding for basic and applied urban systems research, support for advance
education programs and active collaboration among the city planning, design and construction
profession.lt is comprised ofthe following elements

7.1. Basic and Applied Research

While we have learned a great deal abouhe behavior of various urbansystems in recent years,
there are still many gaps in our knowledge about how physical and social systems within cities
respond to extreme stressA national program of basic andapplied research on thistopic could
generate valuable contributions to our understanding of how to plan andesign resilient cities.The
National ResearchCouncil [16] list a number of critical long-term research needs. It notes the need
for developing new ways of understanding and modelingcomplex, adaptive systems. Urban
planning researchers have made aromising start in this direction by using GIS tanalyze,model
and visualize dynamic and iterdependent urban systems such asginkages between land use and
transportation [17]. The new GIS contingency models are able to respond to what if questicthat
asksabout potential system responses to future changes of various types.

7.2. Education Program

In concert with the research campaign, we need to strengthen education and tréng in
designing and managingesilient urban systems. The goal here is to increase our pool of human
resources to prompt future engineers, scientists, planners and emergency magers to enter
practice and become educators and researchersThe National Research Council report
recommends a human resource development program aied at producing at a sustained increase
baccalaureate and doctoral degrees in fields consistent with loAgrm periods for homeland
security [16]. Such a program should include support for university training for students in
disciplines that can contribute to urban resiliency. These wouléhclude the physical sience, social
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science, planning,design, and endgneering and management fields. This program should be
discussa in the Symposiumto reach tocertain collaborations.

7.3. Professional Collaboration

If we are to take the achievement of urban resiliency seriously, we need to build the goal of the
resilient city into the every practice of city planners,engineers, architectsemergency managers,
developers and other urban professionalsThis requires along-term collaborative effort to increase
knowledge and awarenessabout resilient city planning and design.Prieto notes that, because
engineering tends toward specialization, engineers have difficulty translatingessons learned to a
broad range of disciplines He suggests that theNational Acadeny of Engineering could playan
important role in disseminating lessons from disasters [18]. Other professions facesimilar
difficulties and would benefit from both intra-professional and inter-professional collaboration.
Such an effort could start with a summit conference to convene leaders of all the professions
concernad with city design and development to develop resilient city in practice guidelinesThis
could be kicked offby a national conference on planningind building Resilient CitiesThe objective
of the conference would be to discuss principledor building resilient cities and ways of
incorporating these principles into the practice of engineers, planners, architectd Al ET EOOOAOI O
developers, and other city designers, builders and managers. The program would look at both
physical systems and social systemand their linkages.
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Abstract

Community resilience is defined as a process linking a network of adaptive capacities to
adaptation after a disturbance. Sense of community (SOC) is regarded as one of the attributes of
community resilience and is defined as an attitude fdimg of having ties with other members of

iITA80 cOiI 6P T O 11T AAIT Oh ETAI OAET C 1 OOOAT AT 1T AAOTO

for community issues, respecting other members, feelings of connectedness, and needs fulfillment.
Intersections of SOC with placeshould be considered regarding the importance of place in
resiliency. Place attachment, community identity, social interaction and public places for interaction
can be seen as attributes connecting sense of community with place characteusti

Results of several qualitative and quantitative research studies carried out in two disaster
affected cities in Iran show that SOC can play a crucial role in different phases of a disaster cycle.
According to these findings, close ties between membeisf the community and their sense of
belonging helped the community to become resilient against disaster. Social networks among
members of the community, in time of hazard happening, helped reduce vulnerability. Mutual
needs and shared goals facilitated mnstruction and accelerated it. Reconstructing the community
and its public spaces promoted a sense of identity and belonging. People rebuilt the communal
places of the community, which promoted community identity and in return, preserved place
characteristics. Spaces created as such facilitated social relations. Rites, rituals and public
gatherings provided collective memories and sustained thespirit of the community. Thus, the
community could return to a normal or new normal life.

Keywords: Community Resilience, Sense of Community, Disaster, Iranian Cities, Manijil Earthquake, Neka
Flooding

1. INTRODUCTION

Iran is part of the arid belt that stretches from the Sahara in the west to the deserts of the
Central Asia in the east. It is also a part of the Eurasiamountain belt, which runs from the Iberian
Peninsula in the west to the Iranian highland rims of the Elburz and Zagros. Two ranges of
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mountains emerged due to uplifting and folding effects of three giant plates pressing against each
other: the Arabian Plde, the Eurasian Plate, and the IndiaRlate [1]. Major faults occur along these
mountain chains and have been the cause of strong earthquakes during centuries. Along the
foothills of the high mountain chains and in intermountain basins are located setdments with
access to water as the main source for living in a hot arid zone [1,2]. Many of the cities were built in
the Sassanid era as a policy to establish politicadministrative centers to control the surrounding
regions [3], and were adjacent to ative faults. Some cities were isolated after destruction by
natural disasters- especially earthquakes or by man-made disasters, but many of them, including
Tabriz, Kashan , Qazvin and Tehran have survived and sustained their populations until the present
time.

Traditional settlements were usually resilient against disasters and could continue their normal
or new normal life after a period of disfunction. The current situation is rather different because
urban inhabitants now exceed 70 percent of the tatl population in Iran. Many cities have
experienced rapid growth during a short period of time, without being equipped with necessary
infrastructures. This, along with intra- and inter-urban migrations, has led to a transformed
topography of population in cities, changes in social structure of residential quarters, and escape of
original residents of city centers to outer districts, leaving the central districts, which are old
historic parts, in a state of decay and decline. These conditions make the resilty of cities a critical
issue. Considering the present complex conditions, city resilience has acquired significant
importance for planning and design of cities.

The purpose of this article is to explore the relationship between existence of a sense of
community and resiliency in cities, with a focus on the interrelationships between building
community (especially of public places) and sense of community in resiliency.

2. COMMUNITY RESILIENCY

The term resiliency has been applied in different fields of studgnd with different definitions.
After early usage in psychology in the 1940s, the term was used in environmental and life sciences
to describe the adaptation capacity of system against shocks (natural and marade) [3,4]. The
devastating impacts of naturalhazards on economic and social condition of societies extended the
studies in the socieeconomic areas and gradually the role of social and human factors on economic
and social resiliency of societies became the focus of interest among a group of scho]&rg]. Since
OEA pwynmOh AT A AZEOAO ATT71T O1TAET ¢ OEA pwwnd AO OE
2AAOA0ET T hd OAOEI EAT AU OOOAEAOG EAOA AAAT OAOGOI U .
have been introduced for it.
Although, resiliency has been defined in many different ways, Norris et al. suggest that it is
O&£O0T AAT AT OAT1ue A 1 AGAPET O ET O1T AEAT AT A POUAETII
mathematics to refer to the capacity of a material to bend and bounce back whenessed [8]. So,
Norris et al. suggested studying human resilience, without giving undue concern to its meaning in
relation to physical property or law [8]. In recent decades, some definitions of resiliency have
focused on its relations with place charactestics when defined as disaster resiliency. In place
based resiliency against disasters, Cutter et al. suggest that resiliency is realized on the basis of total
characteristics of place which comprises not only geographical and environmental aspects butals
social, economic, cultural and even political ones [9].
One of the aspects of resiliency studies, which can be of interest for urban planners, is
community resiliency. Community resiliencyzlike the concept of resiliency itself has been defined
in many ways with a focus on different apects or different levels [8].Community resiliency can be
described in several interdependent levels. In one of the recent definitions, Norris et al. defined it as
A OPOI AAOGO T ETEETC A 1 AOxI| @d withAynadmi AafribFe®)Ato AADAAE

AAADPOAGETT AZEOAO A AEOOOOAAT AA 1O AAOGAOOEOUG ruyyYs
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ability of a community to bounce back and recover using its own resources (physical and
economic), and the capaciés and capabilities of the community members to use these resources
[10]. Sense of community has been regarded as one of these resources-IB), while some scholars
consider it as one of the constituent elements of social capital, as one set of resilieresources [8].

3. SENSE OFCOMMUNITY

O3ATOA T &£ AT i1 O1EOQUS EO Al AOOCEOOAA 1T &£ EAAIET C
or Locals; including mutual concerns and shared values [14]. Caring for community issues,
respecting other members and helpig them, feelings of connectedness, and needs fulfillment are
characteristics of sense of community [8,15,16].

The term was first coined by psychologist Seymour Sarason [17] who founded a theory for it.
After his early explorations of sense of community, mey scholars have worked on the theory. Four
theoretical factors proposed by McMillan and Chavis [15] and later revised by McMillan [16] have
been frequently adopted. The four factor model includes: feeling of belonging and integration into a
community, Membership [15] / Spirit [16]; having mutual Influence [15] / Trust [16]; Integration
and Fulfilment of Needs [15] / Trade [16]; and Shared Emotional Connection [15] / Art [16].
Although it has been defined in different ways by various scholars; in this stydthe measures
proposed by McMillan and Chavis are adopted.

4., SENSE OFCOMMUNITY ANDPLACE

The relations of Place and sense of community have been studied in various fields. Many
community psychologists have mentioned the relationship between SOC and neighbood context
[18,19]. This is based on one of the definitions of the community as community of place [20], which
is in turn on the basis of the definition of community as an entity with geographical boundaries that
is comprised of natural, social and builenvironments with mutual influences in complex ways [8].

According to Garcia et al., physical environment is one of the two elements which comprise the
structural elements of a community, people being another element [21] and as such inseparable
from the community definition.

Thus, ties between community andplace are generally accepted. This is because of a 'Shared
collectively conditioned consciousness' which reinforces the identity of community and place
simultaneously and thus giving them a same ideity [22]. However, Kim and Kaplan note that
physical attributes of place are not generally considered in SOC studies [23].

For understanding how sense of community and place are related, one should explore the
AT i1 OT EOQUBO OOAIT AOQEIXIE@EE BGBE AA 13D ADRDIEALDD AODBT 116/ OE A
Place attachment has been regarded by some scholars as one attribute which connects people with
places [22-24], while some others regard them as intertwined and parallel concepts [25]. The
perceptond0 1T £ PAI PIT A 1T £ ObpI AAAGE AT A OEAEO AAEI EOU O
attachment and incorporates these feelings in their psychological sense of community [22].

Community identity is being regarded as another concept when relating physitaspects with
sense of community [22,23]. Strong feelings towards particular places strengthen sense of
community. This is in part because of the process of identification which takes place through place
identity. Place identity is an emotional attachmenAT A EO OAlI AOAA O1 OOUI AT 1 E
A6 A OAPTI OEOT OU T &£ AiTOEITO AT A OAI AOGET 1 OEEDPO
Identification by a place is part of selidentification and thus refers to bonds between place and
people [27], which people develop when their sense of belonging to a community increases [22].

Chavis and Pretty comment that it may be 'that attachment and identity mediate between the
geographical community and the SOC of residents [18].

A
o
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Social interaction is anotheraspect of relationship of place and community [19,23]. Public
spaces for interaction [23] and as settings for shared collective emotions [15,16], can be another
attribute of physical aspects. The attributes of physical environment connect community to e,
but how they develop a sense of community is debated.

5. BUILDING COMMUNITY, CREATINGSENSE OFCOMMUNITY

In planning professions, especially within the framework of the New Urbanism debatespme
scholarsadvocate the role of physical design of neighbodwods in fostering a sense of community,
based upon studies carried out on New Urbanism Projects in the USA [23,24,28,29]. They suggest
that by designing public spaces, places to encounter people, designing the houses so that neighbors
can see and familiaize with each other, etc., a sense of community can be developed among
community residents. Talen criticizes the claims of New Urbanism about creating a sense of
community by the built environment, but she accepts that environmental factors are influentiah
OAOCEAAT OO6 ET OAOAAOQET 1T AT Howdver,@ofeiof@hysidal &vilohnient @1 EOU  +
building sense of community has been identified by community psychologists as well. [18,21]. As
Garcia et al. indicate, to understand how people bond toace and identify with it, the historical
context of the community should be considered [18]. People who live in a community and take part
in its events and participate in its history, they know its history [21], its dramatic moments, how
things happened how things were arranged, etc. In other words, history of the community can be
regarded as a "collective memory" which strengthens the selflentification and belonging of the
individuals in the community [21]. History of a community is not a passive cdextual matter [21].

)y O OET O1 A AA OAITTAAEOAA ET OAOI O T &£ Ei x DPAI BI A OA

Participating in the history of the community can be realized by participation in community
development, a process which produces a sense of commundg a parallel developmental process
[21]. Community development by residents has a great power to affect SOC at its most fundamental
level [18]. Exploration of Garcia et al. illustrates the psychological importance that creating one's
home has for the peple of the community regarding basic shelter and safety needs [18]. As Garcia
et al. suggest; the sense of community by integration of members' feelings facilitates a series of
processes which have close relations with community development [21]. Buildina community,
AOPAAEAT T U ET OOGET Cch -@A81 ADA AE | AA®IEDaHVEDDBRNIND &1 C
plays an important role in returning the community to normal condition; sustaining resiliency.

6. SENSE OFCOMMUNITY ANDRESILIENCY

Although the sense of community has many intersections with place and feelings that
community members have towards it on different levels, few studies have been carried out on the
relation between sense of community and physical characteristics of place in strengthegin
resiliency. Sherraden and Fox have found that social networks facilitated by physical structure
improve recovery from disaster [33]. Regarding that resiliency is a process which adapts a network
of adaptive capacities to a disastrous situation [8], retions of sense of community with resiliency
should be considered in different phases of the disaster responsecovery-mitigation cycle.

In emergency phase, sense of community can encourage community involvement in rescue and
relief operations by mutual elings and affections of members [12]. Interaction between people of
the community and their mutual understanding becomes more intense because of their similar
needs and problems [21] in the emergency phase and later in temporary settlement and
reconstruction phases. People negotiate in situations that include shared concerns, or personal or
group problems [21].

As discussed before, a sense of community has been seen as a product of the developmental
processes of the community. Regarding the importance @ommunity development for bringing
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people to a normal condition in disaster aftermath, the role of sense of community becomes
crucial. This means that in the process of reconstruction, mutual feelings of community members
help them sustain their spirit and participate in the re-development of their community.

Resiliency is defined as returning a community to its normal or new normal conditions after a
disturbance [8]. After a natural disaster, one of the prime tasks in this regard would be
reconstruction of the disaster affected physical environment. People, by participating in the process
of reconstruction, can reinforce their mutual ties and feelings. Moreover, their mutual needs and
goals strengthen their bonds with their community. Structural patternirg like location of houses
and public spaces created for public interaction permits the appearance of community interaction
and participation; community life [21].

Reconstructing public spaces of the community provides necessary settings for fulfillment of
shared emotions and feelings, an aspect which is considered an important element of sense of

AT 11 O1T EOQU fpuvhpo¥Ys -A-E1 1T AT POl BT OAO ¢! 00c ET O0OA
3DAAAG OEAO xAO OOCCAOOAA AU on éxpeldnde ivhich i& bbfaine EA OE O

AU AiTOAAG T &£ 1T AI AAOO xEOE 11TA ATi1 OGEAO8 - A-EilA
i 77T AT 66h O OOCCAOO OEAO A Aiii1 OTEOU AEI T OAO OE/

heritage and are represented in its symbolsHe; based upon various studies, comments on the
importance of collective rituals, rites, myths, symbols, and ceremonies in strengthening the sense of
belonging and togetherness. These collective experiences form the collective memories of the
members of OEA AT i1 OT EOU AT A AOA AAOGEO 1T £ EOO ODPEOEOS
Spirit that is the first element of sense of community and thus, the four elements of community are
linkedinaseltOAET £ OAET ¢ AEOAI A88 +poY

Rites, rituals and shared expriences are being realized in the communal spaces and places of
the community and thus it can be suggested that sense of community has impact on how and with
what qualities people shape their communal places and in return, how communal spaces and places
of the community influence the sense of togetherness, belonging and identity of community
members. An increased SOC bonds community members to their place, promotes mutual feelings
and needs and participation in community affairs and thus strengthens theosial capital as one
important aspect of resiliency.

7. THECONTEXT OF THESTUDY

The role of sense of community and its interrelationships with place, in different phases after
disaster, has been the core issue in a series of research studies carried outame disaster affected
cities of Iran during the past 25 years. Two cities were selected: one affected by earthquakes
(Manijil, in Gilan Province in north Iran which suffered from a great earthquake in 20 June 1990)
and the other affected by flood (Neka, Maandaran, in north Iran which the core of the city in
vicinity of the river was damaged due to two floods which washed up the area within 12 hours).

In a series of studies, the followings were investigated: the role of sense of community in some
disaster dfected residential quarters of these two cities ; the consequences of existence of sense of
community in rescue and relief conditions; the role of ties and mutual belongings and needs of
members of the community in helping them to return to a normal condion; the role of place in
formation of collective memories and the way people provide places for their shared moments and
how these shared moments strengthen feelings of mutual ties and belongings.

7.1. Neka
Neka is a small town in the northern part of Iran ad is the center of a county in the province of

Mazandaran. It was given a legal state as a city in 1954 when it reached a population of 5,000
persons. Its population was 35,107 persons in 2013. Increase in population was due to the
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establishment of an eletric power station in Neka and some other industrial plants which
transformed the city into an industrial one in the years before the Islamic revolution and as a
consequence, emigration for finding jobs in the new factories was accelerated. In additioreKs
has a good natural condition for cultivation and forestry which has favored it for immigration of
villagers from surrounding areas. Settlement developed at first along the Neka River and has
expanded in an eastvest direction (along the transit road whch passes through the center of the
city) in recent years. The Neka River is prone to flooding; frequent devastating floods have been
recorded in the history of the city.

In 27 July 1999 and after heavy rains which had begun the previous day, the citfyeka was
flooded which had disastrous consequences; about 3,440 houses and 600 shops were destroyed;
130,000 buildings were damaged; 37 persons were killed and 12 were lost; forests and fields were
destroyed and infrastructures and facilities were ruined [34]. Some of the neighborhoods of Neka,
which were located in the flood plain area, were more devastated than others. These
neighborhoods included:Narenjbagh, Turk Mahalleh, Chamazi, Shahrdaand a commercial district
in the junction of the river and transit road. Some of these neighborhoodswhich had been
developed in the river basin, accommodated low income immigrants which were daily or seasonal
workers in the adjacent factories.

7.2. Harzevil

Harzevil, located in a mountainous area, was one of thredllages which shaped the first
nucleus of Manijil city, developed near a new built dam of Sefidroud in 1957. As a village, it had a
long history and its name was mentioned in an itinerary by Naser Khosro, an Iranian famous
traveler who passed through thevillage in the 11th century B.C. and reposed under a cedar tree
there.

Construction of the main transit road, which connected capital city of Tehran to north provinces
and passed through Manijil, helped the city flourish. The strategic location of the city the natural
gate to the inner plateau of Iran and building a garrison in the city was another factor for its growth.

French Workers of the dam and power station were accommodated in houses which were built
in a new developed area in down skirts of thevillage of Harzevil and named ShahrakHarzevil.
ShahrakHarzevil had its own neighborhood facilities like church, cinema, etc. In 1981 a new town
for workers of the power station (ShahrakTavanir) was built near ShahrakHarzevil. Other parts of
the city grew around the transit road, downhill. Thus Manijitin its final form-constituted a central
nucleus and three periphery districts; Harzevil was one of them in the northeast of the city, in a
steep terrain.

At midnight on 21 June of 1990 a devastating earth@ke shook a great part of Iran; Manjil was
near the epicenter of it. Harzevil was among those parts of the city which sustained enormous
damages, because of its location. In relief phase, residents of Harzevil were temporarily settled in
their fields and in gardens down skirts of their quarter; regarding the total destruction of the old
guarter, difficulty in cleaning the rubble and instability of the land due to probability of a landslide.
The temporary settlement was then transformed into the new quarteof Harzevil residents. Their
new quarter was formed of two parts (Harzevilbala and HarzevilPayin) in two sides of two previous
qguarters (French workers quarter and Shahraktavanir), based on the land ownership of Harzevil
residents.

8. RESEARCHVIETHOD

Caseawere studied in several phases and on the basis of different research approaches. In Neka
a survey was performed and 57 questionnaires were distributed randomly in those parts of five
neighborhoods which were damaged. The survey was based on a sense of mnmity scale (SCS)
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which was designed for the research. The findings of this survey were analyzed using factor
analysis and later checked and completed with several didepth interviews with some of the
community leaders and inhabitants which was done by aof the researchers, a native resident of
Neka.
In Harzevil a research survey was carried out in 2009 with 20% of households. Questionnaires
were distributed randomly in the neighborhood. Later, in another study, a qualitative approach was
adopted. By neT ¢ ET ( AOUAOEI ET OAOEAAT OO6 ET OOAO AT A b/
occasions and inrdepth interviews with residents, researchers could understand how people felt
about their community and how attached they were to it. The findings of thtwo research studies
were compared and checked against sense of community index (SCI) measures.

9. RESULTS ANIDISCUSSION

9.1. Emergency Phase

The sense of belonging to a community and feeling like a large family, in which everyone should
help the others and this mutual needs be satisfied was a main factor during the rescue phase in
both Neka and Harzevil. In Neka, the disaster happened at midnight. People who were alerted tried
to save the lives of their families and neighbors [36]. According to the surveys c@éd out, and
regarding the ratio of losses, there was a direct relationship between the degree of damage and
sense of community in peoples of destroyed residential quarters [36]. They voluntarily helped to
remove bodies from the debris, pulling out assetssettling displaced persons and showing their
sympathy to harmed people.

In Harzevil, external help arrived at Manjil almost 24 hours later, because of the blockage of
roads and difficulties in reaching the site. Regarding the criticality of the first howrafter disaster in
rescue operations, mutual feelings between residents of Harzevil played a crucial role in saving
their lives. The OId quarter of Harzevil was near the epicenter and was situated in a steep terrain.
Vernacular buildings made from mud ina traditional way were characteristics of this region.
Residents of Harzevil helped their families and neighbors to escape from the debris and sustain
their lives; within the first hours after disaster. So, although Harzevil was in a close distance to the
epicenter of the quake and damages were more than 90 percent, it experienced less human losses
than in Neka.

During the Relief phase, people helped their neighbors and friends by giving them food and
clothes on a daily base in Neka. All these activitiesane done spontaneous and voluntarily [36,37].

In Harzevil, due to instability of the land; people were displaced and moved to safer lands in their
downhill fields and gardens. The process of choosing the land, parceling lots and temporary settling
were managed by the people themselves. In both cases, social networks reduced vulnerability and
accelerated recovery. Social networks as part of social capital can play an important role in
community resiliency [10,32]. In Harzevil, trust among the residents antheir mutual connections
helped them to settle in temporary settlements and stabilize their conditions. In Neka, some of the
residents stayed in their semidestroyed houses, even in disaster prone areas netlre river and
opposed the municipality for evaciation of the houses [35], in a joint effort and because of the
existing social networks.

9.2. Placemaking in RecoveryPhase
Close ties and strong feelings of belonging and mutual needs have been strong incentives for
placemaking after these disasters and irthe reconstruction phase. In Neka, except those parts

which were in the bed of the river or adjacent to it and were totally destroyed, other parts were
reconstructed in situ. Even some parts of the residential quarters, located in flood prone areas and
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partly damaged, were reconstructed for temporary settling but became permanent settlements, in
contrast to planned efforts of authorities [35].

Peoplereconstructed their public places as well. This was done by voluntary participation of
residents. Thus, thg rebuilt mosque, takyah (place for Muharram theatre), hosseinieh(place for
mourning ceremony of Muharram) and other religious places which were destyed by the flood.
They gave financial help or joined those who were actually involved in reconstructio[86] (See
Table 1). In this process, the number of gathering places, built by people, has even increased in
comparison to the preflood condition.

TABLE1: WAYS OFPEOPLES PARTICIPATION INBUILDINGPUBLICPLACES INFLOODAFFECTEDORESIDENTIALQUARTERS OF

Bordbar Sport Complex
Hosseinieh Martyrs of QaleSari
Park & Pool of Narenjbagh hill

None (uilt by Municipality)
Manual and financial
None (uilt by Municipality)

NEKA

Public Places and Urban Spaces of Before Flooding After Flooding 7AUO0 1T £ PAT D
Neighborhoods participation
Shahrdari
Shahid Beheshti Mosque + + Manual and financial
Lands around river Vacant Lands Exercise and weekly markets  None (puilt by Municipality)
Zolfaghar swimming Pool Vacant Lands None (built by Municipality)
TarbiatBadani Pool Vacant Lands None (built by Municipality)
Sunday Market In Chamazi quarter In vacant lands near river None (built by Municipality)
Chamazi
Sahebdzaman Mosque + + Manual and financial
Friday Mosque + + Manual and financial
Nowrouzi Gymnasium + + None (built by Municipality)
Madar Park + None (uilt by Municipality)
Bagheral-olum Library + + (moved to another place) None (uilt by Municipality )
Commercial district
ShahmirzadihaHosseinieh + + Manual and financial
Library and city Park + + (replaced by a fruit and None (uilt by Municipality)

vegetation markef)
Turk Mahalleh
Mosque of Turk Mahalleh + + Manual and financial
Narenjbagh
Fatemieh + + Manual and financial
Coffee housgnear crossroad) + Private
Coffee housdin front of Mahdieh mosque) + Private
Coffee houseKebab house + + Private
Rah Ahan Mosque + + Manual and financial
Mahdieh Mosque + + Manual and financial
TakyahNarenjbagh + + Manual and financial
Quranic Society + Private
House of Quran + Private

+

+

+

These spaces and places facilitate social interaction and needs fulfiiment of residents. Built by
Aiii 6GTEOGU |1 Ai AAOOGG #&£ET AT AEAT AT A 1 AT OA1 AOOEOOAT .
their community. People gather there for meetigs, seeing each other and especially for religious
rituals, which are the main public events in the community life These ceremonies shape their
collective memories and the community shared history.

Within the neighborhoods or in their vicinity, other urban spaces existed before the disasters or
were created after it. These spaces, including public parks, libraries, and pools, were began at first
by government aids for rehabilitation / renovation and then the municipality took the
responsibility for finishing the projects. These places are mostly used by youpgople[36].

In Harzevil, houses were built by the residents of the community in the place of their temporary
settlement. It was a group activity which was carried out by all of the residents and ité process,
mutual needs and group interests strengthened their ties with the place [37]. It affirmed the
psychological importance that creating one's home has for the people of the community regarding
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basic shelter and safety needs [18]Belonging to thér place was so strong that those who left after
the earthquake returned there after a while and rejoined their community [37]. Being a member of
Harzevil quarter is an honor for residents. They, even confessing the better situation and land value

of thoseNOAOOAOO OEAO AOA 11 AAOCAA TAAO OEA OOAT OEO O ¢

They value their quarter for its network of acquaintancea OAAOOEOUh OEA NOAOOA

landscape, and climate due to distance from road [37]. The wequarter, built in accordance with
their needs and imitating the structuring pattern of their old quarter, is so familiar to them that

OAOCEAAT OO0 Ai160 AEAAAOAT OEAOA AAOxAAT OEA T1 A ATA

It means that they rot only have returned to a new normal life, but regard their life as a continuous
process with the past.

People of the quarter have daily interaction with their neighbors. Women do their domestic
affairs together and gather and chat in doorsteps or in howscourts. Children play in the alleys and
in front of the doors. Men gather and chat in haunting places or public spaces of the community in
the afternoon [37]. They built new public places with characteristics similar to those which were
in their previous quarter. A mosque was built by financial and manual help of residents in place of
a mosque which was damaged by thearthquake [37]. Near the mosque a gathering space has
being shaped for Moharram rituals and is almost an enclosed space functioningdikTakyah The
cedar tree, which is more than a thousand years old and is a symbol and also a sacred tree for
peopler cox Yh EAO | AET OAET AA EOO OiI 1A AO &I AOO 1 &
Sizdahbedar a celebration dating back to pe-Islamic times. The Cedar T Junction (a point
symbolizing the entrance to the previous French quarter), has maintained its role as a gathering
place for men and young boys as well. These two locations in the old quarter; however, are among
the main nodes of the community [37].

Thus, public places, built by the assistance of residents, encourage social gathering and develop
social networks, which is an important factor to impact resilience [8,32]. People identify themselves
with these places and their synbols. They provide settings for social interaction and religious
rituals (especially Moharram rituals). In these occasions, people gather together and participate in
processions; events that becomes dramatic in their lives and shape their collective meres and
their shared history. History of the community and collective memaries associated with it is much
known among residents, so that, urges especially younger ones, who have left the community for
working elsewhere, return to it for ceremonies like Afura.

10. CONCLUSION

In summary, the evidence suggested that having feelings about and ties with the community
where people live can play a crucial role in different phases of the disaster cycle. Close ties and
interrelationships of members can be of great irportance in the rescuerelief phase. Regarding the
usual shortcomings in help operations by official organizations, the voluntary activities of residents
of a community including: recognition of lost people; finding their actual condition in the time of
hazard happening and providing manual and other kinds of help, can be of great importance in
reducing losses and damages.

In the reconstruction phase, the mutual needs and shared goals of a community in providing
shelter and developing their community is faditated by mutual interaction of them and their active
participation in building their homes and public places. Appropriating their public spaces according
to their needs promotes identity and belonging and facilitates social relations. Mutual feelings
about the community and its places help preserve place characteristics.

The process of building houses and especially public places of the community helps the
residents in returning to a normal condition and providing them weltbeing and pleasure: the basic
gualities of resiliency. When they participate in rebuilding their homes and public spaces, they
shape their community history as an active context, a feature that ties them together and gives
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them pride and identity. Feelings toward community and identication by it can help its residents
to take an active role in community life and sustain its spirit. Public spaces and places of the
community, built in this process, can become a setting for ceremonies, rites, rituals and events that
create shared emotimal moments of the community and build their collective memories. This
shared history strengthens the sense of communitamongmembers and sustains their resilience.
Mutual feelings and social networks among the members of a community, as attributes of sbc
capital, are adaptive capacities which help sustain resilience and should be considered in the
process of resilience planning. However, these capacities can have negative effects on sustainable
planning of communities, regarding the different interestsand implications of the city and local
communities, which should also be considered in the planning process.
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Figure 1: Location of disaster affected quarters of Neka and present condition of houses [36]
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Figure 2 Location of reconstructed and oldesidential quarter of Harzevil and its public spaces and places [37]
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Abstract

In the past decade hurricanes Katrina an®ita (2005), Gustav and lke (2008) and Sandy (2012)
have wrought havoc leading to mass evacuations in numerous U.S. coastal states including
Louisiana, Mississippi, Alabama, Texas, New York and New Jersey. Subsequently, achieving
sustainable and equitable recovery and building community resiliency to mitigate against future
OEOAAOO OAIi AET O A AEAIT AT CA ET OEAOA OOAOAOS !
OAOGEI EAT AU OAEAOO O1 OEA AAPAAEIEOU 1T &£ A Aiii ol
achieve these goals recovery policies and projects often require resettling a large segment of the
population away from unsafe housing. This inevitably leads to the depopulation of some
neighborhoods leading to an increase in the number of uninhabitablebandoned homes further
exacerbating the problem of blight. To ensure that true postflisaster recovery is accomplished, it is
essential to create a comprehensive blight identification and management strategy. This paper
discusses the steps taken to create @omposite Blight Index map for the City of Dallas, Texas using
secondary data sources and GIS to serve as a tool a for monitoring housing construction,
rehabilitation and development changes and to calculate the cost of blight. In conclusion it is
suggesed that other cities could explore the creation of such &omposite Index to serve as a
mitigation strategy for ensuring a healthier, safer and more resilient city.

Keywords: Post-disaster Recovery, Blight Reduction, GIS Mapping,Composite Bight Index

1. INTRODUCTION

In the past decade hurricanes Katrina and Rita (2005), Gustav and Ike (2008) and Sandy (2012)
have wrought havoc in numerous U.S. coastal states including Louisiana, Mississippi, Alabama,
Texas, New York and New Jersey. Subsequently, achiev@ogitable longterm recovery remains a
challenge in these states. The emphasis here is not only to help impacted cities and neighborhoods
recover but also to build community resiliency as a means of mitigating against future threats. At
the most general AOAT h OEA OAOI OAT i1 O1T EOU OAOEI EAT AU6 OAE
rebound from an adverse situation. The concept has gained widespread interest since the adoption
of the Hyogo Framework for Action 20052015, which called for building the resilience of nations
and communities to disasters [13]. While disaster researchers have developed numerous
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indicators to measure resiliency within the past decade, few agreen what and how the term
should be measured. The dimensions of interest howevehave been broadly classified as
ecological, social, economic, institutional, infrastructure, and community competence-g}.

Disaster recovery in an urban environment thus portends the restoration and enhancement of
social networks, economic assets and Jelihood rehabilitation, institutional and public
infrastructure, and the revitalization and stabilization of affected neighborhoods through housing
repair and redevelopment and blight eradication [9]. For example, in 2006, the City of New Orleans
spearheaded posthurricane Katrina rebuilding and redevelopment efforts that not only allowed for
the expropriation of blighted properties but also served as a more comprehensive neighborhood
redevelopment and commercial redevelopment approachHowever, to achieve these goals,
recovery policies and projects often require resettling a large segment of the population away from
hazard prone areas and unsafe housing. While the effect of disasters on local communities varies,
large-scale disasters calling for mass evaations inevitably lead to the depopulation of some
neighborhoods. This increases the number of vacant and uninhabitable abandoned homes, further
exacerbating the problem of blight. This issue of postisaster blight subsequently poses a serious
obstacle b longterm planning and recovery processes. Further, if not properly addressed, blight
can spread into surrounding neighborhoods and bring issues of safety, destabilization of the tax
base, and make building community resiliency even more difficult. Thugp ensure that true
community resiliency is achieved, it is essential to create a comprehensive blight identification and
management strategy.

A disaster can either accelerate previously established blight or cause blight in what was
previously a stableneighborhood. In this paper we discuss the steps taken to create a Composite
Blight Index map for the City of Dallas, Texas using secondary data sources and GIS mapping tools
to identify established blight, its causes, and cost to the citfhe blight index includes physical and
socioc-economic indicators which have been confirmed as key dimensions in adding to, or detracting
from community resiliency [4,5,8]. Consequently, we suggest that this indewill be a useful tool in
identifying hot spots of blight in the city and help inform and plan intervention programs and
allocation of resources. The visual classification and depictions of blight on a map will also help city
Ci OAOT AT AA AT A OOAAT DI ATTAOO AgbAT A OEAEwmy Al i i O1
in support for policy initiatives. The following sections start with a literature review detailing the
evolving definitions of blight by planning scholars and the blight indicators selected by various US
cities to target blight eradication strategies.This is followed by the methods section which
introduces the reader to the City of Dallas, and outlines how data was collected and mapped. The
discussions and conclusions elaborate on the merits of creating such an index for every city to serve
as a toolto identify blight, adopt remedial programs and measure their successes in pedisaster
contexts.

2. EVOLVINGCONCEPTS OBLIGHT INQGTY PLANNING

. Ol AOT 606 OOOAEAO EAOA AAOAOEAAA OOOAAT Al ECEOSG
collectively these dimensions have an adverse effect on surrounding neighborhoods. Wilson and
+AITTET CoO rpmny TTOEIT 1T &£ A OAOI EAT xET AT x OUT AOT |
through the severity of untended properties and abandoned structures, reflecting thereakdown of
physical, social, and economic conditions of a neighborhood. These conditions also signal lax code
enforcement and control mechanisms for ensuring proper maintenance by property owners. Blight
has also been defined in terms of the willingnessf local residents in safeguarding the general
welfare of others, as well as a reflection of police power that a city commands to coerce property
owners to repair and invest in the upkeep of physical structures through special building codes and
municipal zoning codes [11].
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housing, where urban ills could be tackled by providing families with decent homes. Achinstein [12]

AOCOAA OEAO A Al ECEOCAACOMORA AEALAPRAADAAUOEAO Ox

doctrine of eminent domain was used to acquire and revitalize condemned neighborhoods. The
U.S. federal government also played an active role by instituting the National Housing Act of 1937
aimed at resolving structural problems by providing loans and grants in aid to local governments.
The statute provided funds for the production of homes for low income households. By the late
1940s, local governments (housing authorities) could use federal funds to purchasnd clear slum
neighborhoods and sell them to private developers. Housing studies at this time were based on the
physical appearance of homes with the assumption that during strapped economic times residents
lacked the incentive to reinvest or spend on e upkeep of their homes leading to general
neighborhood deterioration.

While the 1950-60s continued to focus on structural conditions, newer studies also began
examining the effects of blight leading to loss of productivity, capacity to render services decline
in demand for services, and depreciation of property values related to langise conflicts. This shift
in focus was largely concerned with the loss of neighborhood quality characterized as loss of
prestige, an atmosphere related to despair, lackf @esthetics, and crime and disease, rather than
what the property was used for. In the 1970s, blighted areas were defined as those with a high
incidence of urban poverty, slums, and ghettos located in inner cities with old, substandard
overcrowded housing high crime rates, high concentration and proportion of blacks and other
i ETT OEOU ET OOAET 1 AO8 $0O0OET ¢ OEEO DPAOEI Ah OOAAI
operated independent of the urban structure. By the mid970s, blight was predominartly
associated with how it might impact health and safety of the residents. During this period, legal and
statutory definitions of urban blight appeared in federal and state funded proposals associated with
redevelopment and revitalization programs such ashe Community Development Block Grant
program and the Tax Increment Finance (TIF) laws in the 1970s and 1980s [11].

;

3AEI 1 AOOh ET OEA pwynOh xAOA ET &£ OAT AAA AU OEA

blighted areas had the tendency to affect otheneighborhoods within a region. The idea that
ghettos can spread to adjacent areas further prejudiced the real estate industry and financial
institutions in redlining and selectively choosing who to provide loans to [13], having a negative

spillover effect.) T OEA pwwmO AOOAT OEIT A& AOOAA i1 OEA OPI>

OOAITTETC AOTIT A OI AAE T &£ 1T OAAO AT A O1T AEAT AT1TOO0I1

graffiti, vandalism, abandoned buildings, people hanging out on the streets, uepsant neighbors,
crime and drug use and the inability to do anything about it, were considered indicators of blight.
Recent studies have operationalized the concept of urban blight in terms of neighborhood
attributes including crime, heavy traffic, and evironmental degradation, and employed survey
instruments as a way to subjectively assess blight [15].

This synthesis of literature from the progressive era of the 19304940s until the present time
in the United States demonstrates the ever evolving coapt of blight and blight defining
characteristics. Major scholarly work related to the conceptual definition of blight suggests that
research has moved from objective measures such as the structural aspects of condemned housing,
to a more process driven shjective assessment of understanding what leads to blight by examining
neighborhood quality and socieeconomic characteristics of neighborhood residents. Most
empirical studies have used secondary data sources such as U.S. Census data, local housing survey
data, American Housing Survey (AHS) datasets, Realtor databases, and have used a few physical and
socioAAT 111 EA EI AEAAOI OO Oi OOOAU Al ECEO8 (1 xAOAON
for tackling the problem of blight as its negative gillover effects are numerous and hamper
development.
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TABLE1: COMMON NDICATORSISED TOMEASURBBLIGHT.

Physical Indicators

Socio-economic Indicators

Abandoned properties

Vacant land / Percent vacant land
Vacant propeaties

Foreclosed properties
Demolition inspected

Structural complaints

Fire hazards

Structure sweeps/ re-inspection
Graffiti, overgrown weeds, litter
Lien foreclosures

Deferred property maintenance
Deteriorated / unkempt
Dilapidated buildings

Unkempt sewage maintenance

Low median income

Poverty level

Change in renter occupied
Change in home purchases
Growth ratio

Declining population

Single mother families
Unemployment rate

Low high school attainment rate
Percent Ethic minority

Percent foreign Born

Total population

Lower number building permits
Percent subprime loans

lllegal dumping
Vandalism and crime
Broken/ boarded up windows

3. MEASURINGBLIGHT INEIGHT USQTIES

The fight against blight is not new. In order to identify which indicators are commonly used to
measure bight, an extensive review of efforts by eight U.S. cities: New Orleans, Detroit, Pittsburgh,
Oakland, Springdfield, Cincinnati, Atlanta and Philadelphia, was conductedeé Table 1 for the
indicators used). Of these abandoned properties, vacant lots andoperties, foreclosed properties,
demolition inspected, and lien foreclosed properties were used by more than four of these cities.
Socieeconomic characteristics pertaining to population, race, ethnicity, income below poverty line,
number of renters, unenployment rate and single mother families were the most common ones
obtained from the US Censug American Housing or Community Survey.

3.1. AbandonedProperties

DOl PADOWGWET ¢h T PAOAOET ch T 0O OAEAAEI EQAQEIT I
However, there appears to be a pervasive problem in identifying abandonment. Bender [17]
utilized a definition of abandonment in his Chicago study as title forfeire. That is, if the private
owner ceded the title to the City of Chicago and the building was subsequently demolished by the
city, it was an abandoned structure. White [18] used neighborhood level data from New York City,
and labeled properties that werein tax arrears for 18 months to 3 years as abandoned. Arsen [19]
suggested that if one assumes that some landlords would eventually pay their delinquent property
taxes, a building can be characterized as abandoned only if the building was in the proce$s o
foreclosure proceedings brought by the City of New York. More recently Whitaker and Fitzpatrick
[16] noted that foreclosure was a very noisy measure of the impact of vacancy and abandonment
and suggested that abandonment be looked at in conjunction withhacant and tax delinquent
properties. Due to limitations in gathering empirical data from home owners that abandon their
properties scholars are using aggregated data available through the AHS.

AT 000

3.2. Vacant Lots and Buildings

A vacant property, defined as a hiding or lot that has been vacant for two or more years, can
attract crime, cause blight, and pose a threat to public safety [20]. According to 2010 Census Bureau
data, nonseasonal vacant properties have increased 51 percent nationally from nearly 7 niolh in
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2000 to 10 million in April 2010, with 10 states seeing increases of 70 percent or more. High
foreclosure rates have also contributed to the additional vacancies. Scholars have blamed these
increasing vacancy rates in inner cities on Htonceived &deral policies that have subsidized
outmigration of the middle class from the central cities since World War 1l, as well as the political

and economic fragmentation of our metropolitan areas [21]. With the demand for homes in inner

city neighborhoods faling, the spiraling effects are evidenced through deferred maintenance,

defaulting on mortgage obligations and property tax payments and finally loss of ownership or
AAATATTT AT O frcqgy8 4EOO OAAAT O POT DPAOOGEA GorimET BT OA
property owners by lowering the market value of their properties, which reduces their equity and

OEOO OEAEO xAAlI OEh AT A 1T AEAO OAOGAT A 1T &£ OEAEO bPOI D
either raise real property tax rates or suffer A OAAA OA@ OAOAT OAO6 j P8 o«
evidence to suggest that these locales are then plagued with crime, vandalism and arson [23].

3.3. MortgagedForeclosedProperties

Mortgage foreclosure is the result of a process that lasts at least 60 days and mofien
significantly longer. When a homeowner fails to pay her mortgage debt for more than 60 days, the
property is considered to be in default and the holder of the failed mortgage (e.g., a bank, lender)
may act to foreclose on the property. Several stuels have examined the spillover effects of
foreclosures. Immergluck and Smith [24] measured the effects-4 years after foreclosures and
found that they caused a 0.9% decline in house value for all homes within an eighth of a mile radius.
More recently Leorard and Murdoch [25] used the 2006 housing data obtained from the Dallas
Central Appraisal District to indicate that nearby foreclosures produced a reduction in home prices.
They found that an additional foreclosure within 250 feet of a sale negatively inagts selling price
by approximately $1,666 (p. 3¥). Thus, mortgage foreclosureevents might have longterm
impacts on neighborhoods as they accelerate the degradation of quality of life.

3.4. TaxForeclosedProperties

While some foreclosed properties may b&acant only temporarily, others may take longer to be
occupied if repair and rehabilitation of the properties require additional investment and time to
market the properties to potential buyers or investors. The problem of vacant properties
defaulting ontax liens is particularly acute in blighted neighborhoods given an already depressed
i i AAl Ei OOET C | AOEAOG8 T7EEOAEAOD rcoYh /EpoerthdAl DI A
AOAAO AAT OAI AET OAAAT O A& O UAmG@Ridrds of PlofésEidn@ CEh A A
Appraisal Practice 2010c mpp 6 h & OAAT T OA 1 ENOEAAOCEI T O OAI AO i
comparable properties. The literature on the impact of tax foreclosure properties consistently finds
that tax foreclosures negatively &ect home sales in surrounding properties [26].

3.5. TaxDelinquentProperties

The properties with tax liens indicate residential or commercial property owners that have not
paid their property taxes. The effect of delinquent property taxes on the value afurrounding
properties is not immediately evident unless the property is taken from the owner through tax
foreclosure and left vacant or abandoned [16]. The assumption is that property owners are aware
of the risk of losing their property if they defaulton their property taxes, and those with no capacity
or incentive to pay property taxes are less likely to maintain and invest in the ukeep of their
property, thus accelerating the process of neighborhood decline. Once the property is not
physically maintained and deteriorated-- it further depresses the local housing market. According
Ol 11 AgAT AAO r¢xyYh OAg AAI ETI NOAT AU EO OOEA 11006 O
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administrative challenges in managing the properties given the length of time to foreclose a

property, therefore making the number of tax delinquent properties an appropriate indicator of

blight conditions.

4, METHODS

4.1. Background

In an effort to better meet its neighborhood revitalization goals, Dallas Area Habitat for
Humanity (DAHfH) a nonprofit organization that builds homes for the needy in the City of Dallas,
sought to determine the impact of blight on Dallas neighborhoods. To achieve this ajothey
commissioned us (four faculty from the Department of Public Administration at the University of
North Texas) in 2012. The intended purpose of the study was to identify and create a blight index
map for the city of Dallas; to estimate the economicost of blight to the City of Dallas using this
Composite Index; to help inform blight reduction policies; and to allow DAHfH to use these findings
Ol AAOT AAGA A O $AITT1AOG8O & Oci 60AT 1T AECEAIT OETT AO
goals to private donors and other funders.

The operational definition of blight provided by DAHfH wasO. AECEAT OET 1T A Al ECEO
OET OA AT 1 AEOETT O OEAO OEOAAOAT OEA EAAI OE AT A OA
quality of life and jeopardize thelsAEAT AT A AAT 11 | EAThiOdefhifoE bi8@yU 1 £ Al
extensive review of scholarly literature elaborating the multidimensional nature of blight, along
with an understanding of key indicators of blight gleaned from examining eight U.S. city eftg,
guided our methodology for the creation of aComposite Blight Index using U.S. Census Data,
secondary data from City and County officials and GIS mapping tools.

4.2. Study Siteg City of Dallas, Texas

Dallas is currently the third-largest city in the stae of Texas with a population of approximately
1.2 million [28]. It encompasses a land area of 384.93 square miles and is the nifdngest city in
the U.S. and part of the fourtHargest metropolitan area in the nation. According to the 2010
Census, 50.7%of the population was White (28.8% nonrHispanic white), 25.0% was Black or
African American, 0.7% American Indian and Alaska Native, 2.9% was Asian, and 2.6% was from
two or more races. Hispanic or Latino origin comprised 42.4% of the total population (#y may be
of any race). It is worth noting that although Dallas started out as a predominantly white city in the
1940s, nonHispanic whites now represent less than onghird of the city's population. At the 2010
census the city's age distribution of the ppulation showed 26.5% under the age of 18 and 8.8%
who were 65 years of age or older with the median age at 31.8 years. The population distribution
by gender was equal with 50.0% male and 50.0% female. According to the 202812 American
Community Survey R9], the median income for a household in the city was $42,436. Male ftiline
workers had a median income of $35,905 versus $34,936 for female ftilne workers. The per
capita income for the city was $27,011. About 20.1% of families, and 37.7% familiesttwfemale
householder with no husband present, were below the poverty line, including 19.6% between the
ages of 1864 and 14.2% aged 65 or over.

The City of Dallas is characterized by an aging housing and commercial building stock. About
40% of known dated commercial properties and 54% of residential properties were built before
the 1970s. The home ownership rate is at 45.2%, which is 19.3% less than the state average, with
the median value at $129,600 of owner occupied housing units in 206€2011. The howing
occupancy and housing tenure data available at the United States Census Bureau (2011) American
Community Survey indicates that there are 515,515 housing units in the city of Dallas with 455,371
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(88.3%) of them occupied and 60,144 (11.7%) vacant. Houxj tenure data shows that of the
455,371 occupied housing units only 198,413 (43.6%) are owneoccupied and the remaining
256,958 (56.4%) are renteroccupied. The presence of a high percentage of vacant units and renter
occupied tenure, compounded by an agg housing stock, with limited reinvestment or
revitalization efforts, have contributed to neighborhood decline, and blight producing factors.

Parts of the city of Dallas lie within five counties: Dallas, Denton, Collin, Kaufman and Rockwall.
The census ttacts that overlap the boundaries of the City of Dallas are located in these five counties.
In all, 383 census tracts overlap with the city of Dallas. For the purpose of consistency and ease of
data collection and management, this study investigated theonditions of blight for the tracts that
overlap with the city limits and fall within Dallas County resulting in a total of 350 study tracts (see
Fig.1).

4.3. Blight Indicators Selected ant¥apped

Although not meant to be comprehensive, a list of sevdphysical Indicators and sevenSocio-
economic Indicators were selected for the City of Dallas after having informal fae®-face
conversations with key personnel from various departments including the Department of Code
Compliance, County Tax Assessors office (pregies with outstanding property tax), City Police
Department (violent and nonviolent crimes), Housing Development Corporation, and Real Estate
Management Department. As charged, we were cognizant in ensuring that the data were available
online from publically available databases and news reports, and most importantly through
numerous Open Records requests to various city departmentis.was with the intent that our index
could be updated with new census data or city initiatives e.g. code enforcement, matg
foreclosures, crime prevention strategies etc. over time, and be replicable so that other cities could
use it in their blight reduction endeavors and also to build in resiliency.

Further, for classifying and comparing the conditions of blighted neighbboods at the census
tract level across the city, a Composite Blight Index Map was created using all 14 indicators. The
seven physical indicators selected used were, 1) Abandoned properties, 2) Vacant residential
properties, 3) Vacant commercial properties 4) Mortgage foreclosed properties, 5) Tax foreclosed
properties, 6) Tax delinquent properties, 7) Demolished structures; while the seven soc&Economic
indicators were, 8) Poverty, 9) Unemployment, 10) Ethnicity, 11) Race, 12) Renter household, 13)
Population, and 14) SingleParent Household.

As the city of Dallas lacks a clear definition of abandonment or a systematic data gathering
mechanism for abandoned properties, we utilized data from the U.S. Postal Service (USPS) as a
proxy for identifying abandoned structures with the assumption being that if mail is not picked up
from, or delivered to, certain properties for over 90 days they are likely to be abandoned. The USPS
data was downloaded for the four quarters of 2011. Each quarter lists the total numeb of
properties that did not pick up any mail for at least 90 days at the census tract level. Since some of
these properties may remain abandoned even during the 2nd, 3rd and 4th quarter, the total counts
of abandoned properties were averaged for the yeaf 2011.

A list of vacant (commercial) and vacant (residential) properties was obtained from two
sources zthe Dallas Central Appraisal District (DCAD) and Dallas City Hall. The process of
identifying vacant structures was complicated by a lack of standdrdefinition on the length of time
the property is left vacant. There was also a lack of systematic data on vacant structures.
Moreover, even when a property is vacant, it does not imply it is abandoned or in disrepair due to
neglect by the property ownes. Our list of addresses for vacant properties from DCAD is an
ACCOACAOGAA 10i AARO T &£ A1l DPOI DAOOEAOG Al 1 OAET ET ¢ OA
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Data was obtained on mortgage foreclosed properties for 2011 from the North Texas Real
Estate Information Systems, Inc. (NTREIS). The NTREIS data, although deemed reliable, is not
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guaranteed for accuracy and it has been suggested that it be indepentgrverified. The list of
properties on the land bank database for 2011 was used as a measure of tax foreclosed properties.
Data on properties that had defaulted in paying property taxes was obtained from the Dallas County
Tax Office, IT Department at censs tract level for 2011. The ASCII dataset obtained from the Dallas
County Tax File (TRW File) containing delinquent property tax information was used to obtain the
account ID and the levy balance (property tax balance). The data was spatially joined witie
respective GIS parcel data fronrdCAD DCAD is responsible for appraising property for the purpose
of property tax assessment on behalf of the 61 local governing bodies in Dallas County. The data
was then saved as a DBF file and imported into ArcGIS MDA OEA AAAT O1T O xAO OOC
ACCOACAOETI ¢ OEA O, AGU " Al Al AA86

A list of properties that had either court orders on them, or were City owned, and demolished
from 2007-2011, was obtained through an Open Records request from the Sustainable
Developmentand Construction Department at City Hall. This list included City initiated demolition
of commercial/ residential apartments and houses, as well as demolition due to structural fires.
These addresses were geocoded using GIS and combined with DCAD parat tb arrive at the
total square footage of demolished properties to calculate the cost of demolition.

5. ANALYSIS ANCRESULTS

The data for the seven physical indicators obtained as detailed above were geocoded and
aggregated (counted) and merged at the Cens Block/ Tract level along with the seven socio
economic indicators downloaded from the U.S. Census data [28]. Considering that there was no
consensus regarding which measure or indicator of blight was more important or severe than the
other, and whether physical indicators of blight led to social and economic degradation or vice
OAOOAR A AAAEOEIT xAO | ANDADT xAdpEgRidotaledded ypto ET AEA
100. The data was analyzed using the Quartile Method to categorize the irators into 4 groups:

(1) No Blight, (2) Low Blight, (3) Moderate Blight and (4) Blighted. This results in each category
having an equal number of tracts.

The method is especially useful in this case because of the unavailability of thresholds to define
what constitutes the point when a neighborhood becomes blighted and the specific factors
contributing to this change.Fig. 2 illustrates the Composite Blight Index which is useful in first
identifying and then focusing blight reduction strategies in selded neighborhoods and then
monitoring the positive changes over time. The frequency distribution of the blight index by census
tracts for physical indicators, socieeconomic indicators, and the combinedComposite Index is
presented in Table 2. Basedon IANOAT 1 U xAECEOAA Al ECEO ET AEAAOQT O00f
fall into the most blighted category. These 48 census tracts represent 16% of the area within the
City, but account for much of the burden created by blight.

Combining physical risk factos to sociceconomic factors is important for several reasons.
Firstly, blight is a function of both physical and soci@®conomic factors and hence should be
assessed comprehensively. Secondly, most policies developed to mitigate the effects of blight have
been piecemeal and independent of the influence of social factors on blight and vice versa. Thirdly,
using spatial mapping technology for this index allows us to visually understand the spatial
correlation of these indicators on blight and the geographicainfluence and diffusion leading to
increase or decrease of blight in the surrounding neighborhoods.
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TABLE2: NUMBER OFENSUSRACTS IN THEHREEBLIGHTCATEGORIES

Socio-economic

Physical Indicators Composite Index

Indicators
# of # of # of
census census census
Categories tracts Sqg. Miles tracts Sqg. Miles tracts Sg. Miles

1 No blight 7 11.02 9 1.86 0 0
2 Low blight 172 172.94 102 172.18 118 162.52
3 Moderate blight 127 299.47 134 355.81 184 359.11
4 Blighted 44 140.32 105 93.9 48 102.12

Total 350 623.75 350 623.75 350 623.75

Note: The frequency table illustrates that none of the 350 Census tracts constitutin@ityeof Dallas is free of alll
14 measures of blight suggesting that urban blight is a matter of degree.

5.1. Merits of a Composite Blight Index

There are several advantages to creating suchGamposite Blight Index. First it uses secondary
data gathered fromthe U.S. Census Bureau website, Dallas Central Appraisal District, and City Hall
allowing for changes to be tracked over time. Using open source data also makes it accessible to
practitioners and policy makers. The standardized measure allows us to traahanges and also
suggests replication of the methodology. TheComposite Index takes into account the
multidimensional aspects of blight conditions including physical quality of life indicators and social
dimensions. The use of a GIS platform allows for ther visualization of the patterns of blight and
directs attention to hotspots within political boundaries for targeted intervention programs and
comprehensive land use planning.

There are benefits to further examining the seven physical indicators (i.eabandoned
properties, vacant residential and vacant commercial properties, mortgage foreclosure properties,
tax foreclosed properties, tax delinquent properties and demolished properties) to help in
calculating the cost of blight to the city. For example &/found that,

1. Properties delinquent in paying taxes were mainly found in the moderate and high blight
areas, with 49.4% individual properties in moderate blight areas, and 40.8% found in the 48
high blight census tracts.

2. About 35.9% of vacant structureswith reported fire incidents were also delinquent on
property tax payments, leading us to estimate that 4 out of every 10 vacant properties
reporting fire incidents will also be delinquent on their property tax payments.

3. Compared to properties in the highblight category, properties in the low or moderate blight
categories are less likely to have an outstanding netax lien. Specifically, a property in the
high blight category is 23% more likely to have an outstanding netax lien than a property
that falls in the low blight category.

4.4A OI OA1 AAiT1EOEIT AT OO0 Ai O OAGEAATI OEAI DOI P
Athoce8 4EA O1 OAT AT OO0 1T &£ AAIT1EOQETI ET OEA Ol
which is approximately 53% of the total¢ OO8 4 EA O OAl AT OO0 1T &£ AAIT1 E¢

category totals $771,609.50, which is approximately 47% of the total demolition costs.

6. CONCLUSIONS

This study sought to create @omposite Blight Index for the City of Dallas that the city officials,
nonprofit agencies and policy makers can use to observe the patterns of blight and target
interventions appropriately. Extant literature on building community capacity and resiliency
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confirms that enhancing physical infrastructure and the increasing socialand economic
competencies are key dimensions in increasing city resiliency. Thus we are confident that the
physical and socieeconomic indicators we have used in creating the Composite Indevaptures
these significant dimensions ofresilience at a macro sale for DallasTracking these indicators over
time can help decisioamakers understand the impact of changing policies on the reduction on
blight and the associated costs.

Moreover, as the index uses public data, it can also be replicated and adapted difier
municipalities for the specific purposes of increasing disaster resiliency. Unigue threat
characteristics such as risks from coastal surge, seismic, flood or tornado risks and previous
disaster history data can be included as map layers for addinddntified risk areas in the city. The
use of standardized data allows policy makers and researchers to track changes over time and
potentially evaluate impact of policy intervention in specific geographic areas of choice. The
comprehensive knowledge that $ achieved from the Composite Index will help cities overcome
tentative and piecemeal efforts of recovery and adopt more sustainable measures to enhance
resiliency. In addition, the visual classification of blight can help increase communitgngagement
about policy initiatives at city hall meetings or through the media.

One of the major benefits of monitoring blight through this composite spatial index is its utility
in educating planners, city governance staff, citizens and policy makers in understanditige risk of
blight at present and in the future. This is especially salient, considering that natural and human
induced threats continue to be on the rise, often leading to deterioration of otherwise vibrant
neighborhoods in their aftermath. Second, it carserve as a tool for scenario development, to
estimate the impact of such disasters on different census tracts and the resulting increase of blight
in one, or the reduction in another from housing loans, grants or intervention programs.
Subsequently, mitigation plans can be created by emergency management departments in
conjunction with the city planning department in anticipation, thereby helping to build city
resiliency. Third, indicators that best measure resiliency, identified through literature and exgrt
opinion, can be added to develop a resiliency index for blighted neighborhoods. Also, future
improvements in data collection techniques can help add additional critical indicators to monitor
blight. This can then be used as another element in the Conabiensive Planning documents
developed for a city or a metropolitan region.
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Abstract

Assessment of seismic safety and performance of buildings and structural components in cities
is one of the major challenges in Earthquake Engineering. Various limitations of simplified seismic
analyses have increased the need for more realistic and religbdynamic analysis procedures.
Endurance Time (ET) method is a responskistory based analysis procedure where structures are
subjected to gradually intensifying dynamic excitations and their performance is assessed based on
their response at different exitation levels correlated to specific ground motion intensities. This
procedure considerably reduces the required huge computational demand of a complete response
history analysis while maintaining the major benefits of it, i.e. accuracy and insensitivity model
complexity. The objective of this research is to introduce the concept of a new design methodology
based on the total value of the structure namely Value Based Design of structures (VBD) by the use
of potential benefits of the ET method. In thispproach the design sections of structuraklements
are assumed as optimization parameters and a design with the minimum total cost during its life
span is being sought. This will result in maximized value of the structure in its life time. For each
possible candidate design the damages due to probable earthquakes in its life time is estimated by
the ET method and the expected cost of damages is calculated using Life Cycle Cost Analysis (LCCA).
LCCA has provided a reliable tool for estimating damage coatelto future earthquakes during the
design life of a structure. This analysis in companion with an optimization algorithm can result in a
design with the least total cost. Application of ET method in combination with the concept of LCCA
can pave the way fo practical Value Based Seismic Design of structures. This methodology and
potential benefits when considering the need for moving towards more resilient cities is discussed.

Keywords: Earthquake Engineering, Value Based Seismic Design, Structural Assessmat, Endurance
Time Method, Nonlinear Dynamic Analysis

1. INTRODUCTION

The resilience in cities and meanwhile optimum allocation of public resources necessitates
structures with predictable and reliable performance in the case of natural hazards during theiifé
time. Earthquakes are considered to be one of the most destructive and costly natural hazards that
threaten cities in seismically active regions. So, assessment of seismic safety and performance of
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buildings and structural components in cities is one Pbthe major challenges in Earthquake
Engineering. Reliability and accuracy of seismic analysis procedure is a key concern in almost all
seismic assessment procedures for both new and existing structures especially in modern
approaches of seismic design. Viaus limitations of simplified seismic analyses have increased the
need for more realistic and reliable dynamic analysis procedures. Endurance Time (ET) method is a
responsehistory-based seismic assessment procedure where structures are subjected to guatly
intensifying dynamic excitations and their performance is evaluated based on their response at
different excitation levels correlated to specific ground motion intensities[1]. This procedure
considerably reduces the required huge computational demand of a complete response history
analysis while maintaining the major benefits of it, i.e. accuracy and insensitivity to model
complexity. This viableadvantage provides the prerequisites to directly incorporate the new age
design concerns such as life cycle cost of the structure in design proced(i2é.

Life-Cycle Cost Analysis (LCCA) can be used in order to evaluate the performance of the
structure during its life span in economic terms. The LCCA principles are based on economic
theories and it was mainly implemented to introduce finawial concerns in structural design area.
However, this analysis can provide a baseline to incorporate technical, economic and social or any
other intended measures thought to be impressive in resilience of cities in design procedure. The
broad concept of esilience demands a flexible design framework to employ these several criteria
from various fields of expertise in design stage. LCCA demands performance assessment of the
structure in multiple hazard levels. Considering the required repetitive and massivanalyses in this
procedure, application of ET method in combination with the concept of LCCA can pave the way for
practical Value Based seismic Design of structures. This methodology and its potential benefits will
be discussed.

The obijective of this resarch is to introduce the concept of a new design methodology based on
the total value of the structure namely Value Based Design of structures (VBD) by the use of
advantages of the ET method. In this approach the design sections of structural elements are
assumed as optimization parameters and the optimization goal is to minimize the total cost of the
structure during its life span resulting in maximized value of the structure in its life time. Reduced
computational demand in ET analysis method provides thererequisites to use optimization
algorithms in design procedure. For each possible candidate design the damage due to probable
earthquakes in its life time is estimated by ET method and then the probabilistic cost of damages is
calculated by the presentd method. The optimization algorithm used in this research is genetic
algorithm as used in a work byEstekanchi and Basim [Band the calculated damage cost added to
the initial cost i.e., the total cost is used as the cost function of the optimization problem to be
minimized.

2. EARTHQUAKES ANCRESILIENCY

Cities cannot be cosidered resilient if they are not protected against the dangers and potential
damages that may be imposed by natural hazards. Earthquakes are considered to be one of the
most destructive and costly natural hazards that threaten cities. So, stability of conunity during
and after seismic hazards is thought to have a determinative impact on the resilience of cities in
seismically active regiongFig. 1).
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Figure 1. Epicenters of known Earthquakes 196398[4].

On this issue, resilience mahave broad measures in the whole city as a body or suheasures
in individual buildings. Also, the impact of seismic hazards on a community may be studied from
various points of view and also various concepts may be defined as resilience such as time to
OAAT GAoOuh TEZA OAEAOU 1T O AAIi AcCA OAAOAOGEI T8 &I O A
resilience measure for a hospital building or a fire station besides life safety and it is wise to
consider these measures with reasonable portion in design staggéome limitations may be required
for such critical facilities too. In Fig. 2a fire station which has known role in cities recovery is
shown that is heavily damaged and obviously has lost its functionality in Bam earthquake (2003) in
southeastern Iran. Appropriate measures, in a quantifiable manner, seem to be required to
incorporate such consequent events in earthquake engineering scope.

Figure2: A fire station heavily damaged by the Bam earthqual&g.

Incorporation of seismic resilience factors in design procedure requires mitigation from
common design procedures intended to focus on a limited number of objectives such as structural
performance or loss prevention to a broder one with the capability to incorporate any desired and
advancing terms in priority measures among design alternatives. Codes for building design,
commonly, set some minimum compliancéased standards and in performance terms, we can be
confident that they will provide safe buildings, but they promise little in terms of recovery. Readily
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introduced value based design can provide a wider description of design target by defining the
earthquake consequences such as structural damages, loss of contents, desgue to downtime,
human injuries and fatalities in the form of quantifiable parameters. In this way, it is expected that
the resultant design will perform with desired postearthquake capabilities with manageable
disruption.

3. LIFECYCLECOSTANALYSIS

LCQ\ has become an important part of structural engineering to assess the structural comeback
and evaluate the performance of the structure during its life span in economic terms and has gained
considerable attention of decision making centers to decide on ¢hmost cost effective solution
related to the construction of building structures in seismic regions. LCCA has provided a reliable
tool for estimating damage cost due to future earthquakes during the design life of a structure.
YT OOAAA 1T £ OQiA tle€igibd makihg pidesds) aAydther measure can be used to compare
AT A AOAI OAOA AAOGECT Al OAOTI AOCEOGAOGS AobAAOAA T PAOAC
firstly introduced in economical investment assessment of infrastructures, nowadays, thianalysis
as an essential component of the design process is used to control buildings in seismically active
regions and is widely used in risk assessment and decision analysis. Here, total expected cost
imposed by earthquake occurrences during a structk 8 © 1 EAA ODPAT EO OAlI AAOA
measure since engineers might be more familiar with this concept. A correlation will be required to
express other measures mentioned above such as downtime or social impacts in economic terms
and dollars. By the ge of this method the expected total cost of a structure including the initial cost
and also losses resulting from earthquakes during its life span can be considered as the main
indicator of the priority of design alternatives. This analysis in companion ith an optimization
algorithm can result in a design with the least total cost. LCCA demands the calculation of the cost
components that are related to the performance of the structure in multiple earthquake hazard
levels. However, these calculations reqteé repetitive and massive analyses of performance
assessment and huge computational demand and sophistications involved may make optimization
algorithms impractical or the simplifications used decrease the reliability of the outcome.
Application of ET mettod in combination with the concept of LCCA can lead to development of a
framework for practical Value Based seismic Design of structures.

4. CONCEPTS OENDURANCETIME METHOD

A reliable estimation of the damage to various structures and their compartments ggiires
realistic evaluation of seismic response of structures when subjected to strong ground motions.
This in turn requires the development and utilization of advanced numerical techniques using
reasonably realistic dynamic modeling. While any serious delopment in the area of seismic
resistant design has to be backed up with decent real world experimental investigation, the type
and number of decision variables are usually so diverse that numerical investigations remain to be
the only practical alternative in order to seek good solutions regarding performance and safety.

In the Endurance Time (ET) method, structures are subjected to a predesigned intensifying
dynamic excitation and their performance is monitored continuously as the level of excitation is
increased [6]. A typical ET Excitation Function (ETEF) is showmiFig. 3 Level of excitation or
excitation intensity can be assumed to be any relevant parameter considering the oa¢ of the
structure or component being investigated.
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Figure 3: Typical ET record incorporating intensifying dynamic excitation

Classically, parameters such as peak ground acceleration (PGA) or spectral intensity have been
considered most relevant parameters in structural design. More recently, parameters based on
input energy, displacement and damage spectra are also being proposed as a better representative
of the dynamic excitation intensity considering structural responseFig. 4 shows the response
spectra produced by a typical ETEF at various times. Various ETEFs are publicly available through
Endurance Time Method websitd7].

While response spectra has been caitered to be a standard measure of intensity in producing
currently available ETEFs, other intensity measures can also be considered as well. As can be
expected, most of these intensity measures are correlated to each other and the problem is to
choose abest combination of various parameters to achieve better intensifying excitations that can
produce better output. Here, the response spectra have been considered as the intensity parameter
and ETEF has been produced in such a way that the response spegraduced by each window
from time O to t is proportional to a template response spectra.
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Figure4: Typical response spectra of ET records at various times (ETA20a02)
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The application of the ET method in performancdased desigrnwvas studied byMirzaee et al. [§

ET 001 AOGAET ¢ Ow4 AOOOGAsG AT A OEA O4AOGCAO #000AGN

performance ofa structure along various seismic intensities and their limiting values according to
code recommendations. Substituting return period or annual probability of exceedance for time in
the expression of the performance will make the presentation of the resudtmore explicit and their
convenience for calculating probabilistic cost will be increased9]. Also, damage levels had been
introduced to express the desired damage states in quantifiable terms.

4
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Figure5: Performance assessment by ET method

Hazard return period corresponding to a particular time in ET analysis can be calculated by
matching the response spectra at el ROEOA DAOET AOh A8C8 £EOI I m8¢
fundamental period of vibration. The procedure is based on the coincidence of response spectra
obtained from the ET accelerogram at different times and response spectra defined for Tehran at
different hazard levels. InFig. 5a sample target curve and performance curve considering various
performance criteria is depicted where ET analysis time has been mapped into return period on
horizontal axis. As it can be seen the structure satisfies the code (lhmediate Occupancy) level
limitations but it has violated the LS (Life Safe) and CP (Collapse Prevention) levels limitations and
the frame does not have acceptable performance. It can be inferred one of the advantages of ET
method is that the performanceof the structure in continuous increasing hazard levels can be
properly depicted in an easy to read figure.

5. VALUEBASEDSEISMICDESIGN BY THEET METHOD

ET analysis provides a proper baseline to perform economic analyses on design alternatives
with acceptable computational cost. While value can be defined and considered in its broad sense
for design purposes, for the clarity of explanation, in this research we consider the structure that is
more economical to construct and maintain, to be the most valuednitial construction cost and
expected seismic damage cost throughout the life time of the structure are usually the two most
important parameters for decision making[10]. In this study, the cost of exceedance of a damage
state is obtained as a percentage of the initial cost from a tabté ATG13 [11] (Table 1) and also
piecewise linear relation has been assumed to establish a continuous relation between drift and
cost[2]. This is a very rough estimate of cost components and a detailed assessment is necessary to
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evaluate the expected cost, especially, human fatality and injury related losses has a determinative
portion in expected costs. The method, with no limitation, h& the capability of incorporating
detailed calculation on cost components and will be investigated in further studies.

One of the major obstacles in seismic damage cost assessment of structures is response
estimation of structures subject to ground motionsin multiple intensities. Various simplified
procedures for seismic analyses have been used by researchers in order to overcome huge
computational demand involved in assessment of several design alternatives. Nevertheless, cost
assessment has been mostly sed in comparative study among limited number of design
alternatives and incorporation of life cycle cost directly in design process has attracted the
attention of researchers[10,12,13]. Pushover analysis has been widely used as seismic assessment
tool in this area. However, well known limitations of this analytical tool besides its disability in
estimating non-structural cost components due to floor accelerabn have increased the need for
more realistic and reliable dynamic analysis procedures with a tolerable computational demand. In
this section, ET analysis has been used to estimate seismic response of the structure and the
procedure to calculate the requied cost components has been demonstrated.

TABLEL: DAMAGE STATE®RIFT RATIO LIMITS WD CORRESPONDING asfll].

Performance Damage Drift ratio limit Cost (% of initial
level states (%) cost)

I None D 0.2 0

Il Slight 0.2< D 85 0.5

1] Light 05< D 8.7 5

v Moderate 0.7< D &t 20

\ Heavy 15< D 25 45

VI Major 25< D s 80

VIl Destroyed 50< [ 100

Expected annual damage cost is found to be the most proper intermediate parameter to
calculate life cycle cost of structures using ET method. A practical approach to express the concept
of seismic damage cost is considering the average annual repair cost. To calculate this parameter,
the annual probability of exceedance of drift ratio show be determined. By reversing the return
period on the xaxis of the ET curve to obtain the mean annual rate of exceedance and using it on
the y-axis, the annual rate of exceedance of the interstory drift can be obtained. If the interstory
drift is replaced by damage cost applying the linear relationship discussed previously the annual
rate of exceedance for damage cost can be obtained as showrFig. 8 4EEO AOOOA EO

A A
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earthquakes in one yeaf14].
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Figure6: A typical Loss Curve for the 3 story frame.

The total life-cycle cost is considered as the sum of the initial construction costs ($300 pe2m
over the 200 n? total area of the structure) and the present value of the annual damage costs
summed up through the life time of the structure. A discount rate equal to 3% over a fiftyear life
of the building has been considered to transform the damage costs to the presevalue and
calculate the expected damage cost of the structure in its life time. This total cost is used as the cost
function in optimization algorithm and due to capabilities of genetic algorithm the resultant design
is the global optimum alternative with a high chaice.

6. CASESTUDY: 3 STORY STEELMOMENTFRAME

In order to demonstrate the method a three story and one bay steel special moment frame is
optimally designed according to Iranian National Building Code (INBC), which is almost identical to
the ANSI/AISC360 [13 LRFD (Load and Resistance Factor Design) design recommendations. Also,
the frame is designed optimally to conform toFEMA350 [19 limitations as a performance based
dedgn criteria. The performance of the designed frames is investigated by the ET method and as a
third step a new design sections has been acquired through the introduced method to have the
minimum total cost during its life time that is assumed 50 years. Fahe value based design the
total cost of the structure is selected as the optimization objective to be minimized. Genetic
algorithm (GA) has been used to find the optimum design. Alternative designs should meet some
initial constraints. One of the constaints is strong column and weak beam criterion which should
be checked and the other constraint that should be considered before the analysis phase is that the
selected sections for columns in each story should not be weaker than the upper story. Besidesi
constraints, all AISC 360 checks must be satisfied for the gravity loads. Once the expressed
constraints are satisfied, the LCC analysis is performed. It is important to note that each of these
feasible organisms is acceptable design according to thede ignoring seismic actions. But, in order
to reach the optimum solution, algorithm will reproduce new design alternatives based on the
initial population and mutate until the stop criteria is met.

Genetic algorithm with an initial population size of 100leads to an optimum design after about
1800 ET response history analyses. Total costs for feasible design alternatives in optimization
procedure are depictedin Fig. 7.

The resultant prescriptive, performance based and value based designs of the frame are
different due to their distinct basic design philosophies. Design sections for each method are
depicted in Fig. 8. Seismic performance of each design of the frame is shown in Fig. 9. It can be seen
that for the value based design the structure satisfiesgoformance limitations of FEMA350 with a
margin that is justified by economic concerns.
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Figure 7: Total costs for feasible design alternatives in optimization procedure.
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costs due to seismic hazards with various exceedance probabilities and the determinative part i.e.
expected total cost of three structures are presented. It can be verified that a value based design has
the least total cost and would be an economicaltafnative in long term. An increase of $2,300 in
initial material cost over the prescriptive design will lead to a decrease of $4,600 in expected
damage cost having totally $2,290 profit. Although performance based design has a minor expected
total cost in comparison with the prescriptive design, neither the prescriptive design criteria nor
the performance based one will necessarily lead to an economical design in long term.

TABLE2: VALUES OF LIFE CYCU®ST TERMS FOR THEREE DESIGNGN $1,000s).

Design Type Initial cost Damage cost Total Cost

Prescriptive 60.14 19.55 79.69
Performance based 61.22 17.77 78.99

Value based 62.44 14.95 77.40

7. SUMMARY ANDCONCLUSIONS

A framework for direct use of the concept of value in the structural design procedure
incorporating the benefits of Endurance Time (ET) method has been established. Application of the
ET analysis in Life Cycle Cost Analysis (LCCA) has been briefly explained. ET method and resultant
performance curve has provided a proper baseline to calculatexpected damage cost, while the
required computational effort is in an acceptable range to be used in conventional optimization
techniques. To demonstrate the method and compare it with prescriptive and performance based
design criteria, a three story monent frame has been optimally designed according to three distinct
design philosophies: a prescriptive design code, a performance based design guideline and also the
introduced methodology namely Value Based Design of structures (VBD). Structural performanc
and life cycle cost components for the three structures have been compared. The resultant
prescriptive, performance based and value based designs of the frame are different due to their
distinct basic design philosophies. Results show that the code baséesign of the structure will not
necessarily result in an economical design with lower total cost in life time of the structure.
Performance based design in this case turns out to require higher initial material cost in
comparison with the prescriptive design due to its more restricting limitations, and as expected,
better performance in various hazard intensities. The value based design, however, demands the
highest initial material cost, yet the least total cost among three, justifying the increased iiait cost.
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Abstract

The Los Angeles Department of Building and Safety (LADBS), the largest organization of its kind
in the United Statesand many other Public organizations are working actively to improve the Los
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codes in the enhancing resiliency of the City. It also, reviews the significant contribution of the
lessons learned from the past earthquakes in enhaimg the construction standards that mitigate

OEA AEEAAO 1T &£ ~AOOOOA AAOOENOAEAO8 &OOOEAOIT OAn
Emergency response Preparedness plan for major disasters, which is established to carry out
recovery activities and mhimize social disruption after a disaster event.

1. BACKGROUND
1.1. City of Los Angeles

With a population of more than 3.8 million (2012), the City of Los Angeles (LA) is the largest
city in California and the second largest city in the United States. LA is d&bed in high seismic
category zones and the City limits cover more than 470 square miles (1217 square kilometers). It is
one of the most complex megacities of the world, centers for culture, media, academics, business
and international trade. The map of tle City of LA and its 15 council districts and some of the
known earthquake faults in the LA vicinity are shown in Appendix A.

1.2. Los Angeles Department of Building and Safety
The Los Angeles Department of Building and Safety (LADBS) is the largest buildirgpartment
in the United States with 200 engineers, 430 inspectors and 280 administrative and support staff.

The Department provides services to the residents of the City of LA through 5 construction services
centers, 2 testing laboratories and 6 satelliténspection offices.
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2. WHAT DOESLADBSDO?
2.1. Mission Statement

The Mission of the Department of Building and Safety is to protect the lives and safety of the
residents and visitors of the City of Los Angeles and enhance the quality of life, housing, economic
prosperity, and job creation citywide. Through a timely, cooperative, and transparent process, the
DEPARTMENT ADVISES, GUIDES, AND ASSISTS CUSTOMBRShieve compliance with the
Building, Zoning, Plumbing, Mechanical, Electrical, Disabled Access, Enei@yd Green codes and
local and State laws'O BUILD SAFE, WELL, AND FAST.

2.2. Functions and Responsibilities

The responsibilities of the Department of Building and Safety are assigned to the following four
bureaus:

The Engineering Bureau is primarily responsible for the plan checking, product approvals,
and permit issuance related to building and land use projects within privately owned properties in
the City of Los Angeles. In the course of carrying out these responsibilities, the Engineering Bureau
enforcesthe structural, building, disabled access, green building standards, plumbing, mechanical,
electrical, grading and zoning regulations of the City. In addition, the Engineering Bureau is
responsible for reviewing requests for building, plumbing, mechanicabnd electrical product
approvals through its Building Research Section and its Electrical and Mechanical Testing
Laboratories.

The Inspection Bureau is responsible for inspection of all construction activities for new and
existing buildings, plumbing, me&hanical, electrical, elevator and pressure vessel systems, the
enforcement of applicable State and Local laws relating to existing buildings and properties, and the
administration of various special programs mandated by the City Council. The Inspection i@au
also provides tests and licensing of the deputy inspectors, fabricators and certified testing
laboratories.

The Code Enforcement Bureau is responsible for the enforcement of Municipal Code
requirements for all violations in existing buildings in the City of Los Angeles except for rental
multi -family dwellings. The Bureau handles complaints, citations, processing of vacant and
nuisance buildings for repair or demolition, Signs, the Vehicle Establishment Inspection Program,
the Proactive Code EnforcemdarProgram, and many more.

The Resource Management Bureau is responsible for the direction and coordination of
administrative and financial projects, system development and training. It acts as the emergency
disaster coordinator for all Department operatons and has developed response and recovery plans
for major disaster events.

2.3. A Few Fact#®\bout LADBS

4EA A 11T xETC OOAOEOOEAO OAPOAOGAT O OEA $APAOOI Al

Reviews and approves plans for over 41,400 projects

Issuesover 126,000 permits with an estimated valuation of over $3.8 billion
Issues over 30,000 ePermits over the Internet

Conducts over 674,000 inspections

Serves over 372,000 walkin customers

Serves over 644,500 phone customers

Brings over 5,900 propeties back to compliance

=4 =4 =8 =8 -8 -9
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9 Issues nearly 14,000 trade licenses for 14 different occupations

All of these are accomplished by our dedicated, knowledgeable ahdrdworking team of over
830 employees.

3. ENHANCINGRESILIENCYTHROUGHCODEENFORCEMENT

The following code adoption, implementation and enforcement measures essentially contribute
in resolving building safety and seismic safety issues, mitigating earthquake hazards in buildings
AT A ATEAT AET ¢ OEA #EOUS6O OAOEI EAT AUS

3.1. LA City Codes for Design and Constraic

The City of LA Building Code was established in 1889 with the appointment of the first
Superintendent of Building. The LA Seismic code design requirements were initiated as a result of a
6.25 magnitude earthquake that struck the City of Long Beach iCalifornia on March 10, 1933.
Since then, through the intervening years, the LA codes have been amended and revised regularly.
The City now, follows the State Building Code which is revised every three years to keep pace with
the everchanging technology of the construction industry and the new proven concepts of
structural design.

3.1.1. Threeyear codecycleadoption

The building code is an evolving system. Every three years the International Code Council (ICC)
publishes the International Building Code (IBCand International Residential Code (IRC). Natien
wide, these codes are commonly referred to as the model building codes. In between the
publications of the code, ICC holds code hearings throughout the country to gather input and
comments from building officials, engineers, architects, building organizations and other building
experts. During this process, the proposals and comments brought up by the various stakeholders
are taken to committees within the ICC and to the public for comments. Ultimately, ajgval by
voting is necessary on the proposed changes in order to be included in the next cycle of codes.

Once the IBC and IRC are published, each state within the country adopts these codes in a
certain timeframe. The State of California, like most of thether states, adopts the California
Building Code (CBC) and the Residential Code (CRC) after making necessary amendments to the IBC
and IRC. Local amendments are necessary because the model codes are in a sense too broad, and in
some cases they can laclkpscific details for certain regions within the country.

The state of California mandates that all of its local jurisdictions, such as the City of LA, adopt
the California Codes (Building, Residential, Green Building standards, Mechanical, Plumbing and
Electrical) six months after their publications. However, during this period local jurisdictions have
the ability to make any necessary amendments to the California Codes. The local amendments to
the State codes can only be made due to geologic, topograpbri climatic findings and can only be
more restrictive.

The City of LA adopts the Los Angeles Building Code (LABC) and Residential Code (LARC) after
making the necessary amendments to the CBC and CRC. The LA City has made various local
amendments throughthe years to the California State Codes, which are also carried forward in
every three-year code cycle. The new amendments to the Building and Residential Codes are made
by collaborative efforts of committees formed with irhouse staff, other local jurislictions, the
Structural Engineers Association of Southern California (SEAOSC), the American Institute of
Architects, Los Angeles Tall Buildings Structural Design Council, and other stakeholders. The code
enhancements are carefully reviewed based on theapt knowledge and experience brought by
these highly qualified stakeholders and lessons learned from the past earthquakes.
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3.1.2. Currentbuilding code

The current 2014 LABC and LARC are the adopted 2013 CBC and CRC, based on the 2012 IBC
AT A ) 2#h xrdi©dnts. , Earthddakd éndineering requirements are based on ASGEY
published by the American Society of CiviEngineers.

3.2. Approval Process for Construction Projects

The Department provides independent review of engineering plans and reports, issues persiit
and provides inspection at various stages of construction.

LADBS has knowledgeable and experienced plan check engineers and inspectors to perform the
work. Most of the engineers are registered Professional Engineers with the State of California. In
addition, LADBS has more than 18 supervisors and managers who are registered as Structural
Engineers with the State. The Department provides training on a continual basis to its engineers
and inspectors to keep them up to date with current engineering practes and code changes and
even offers training outside of the Department, for entities such as other agencies and the industry.

3.2.1. Preparation of pans bylicenseddesignprofessionals

Construction plans and design calculations for projects are required to h@repared by design
professionals and submitted to the LADBS for review and approval. A licensed architect or engineer
by the State of California is required for most projects.

3.2.2. Plans/Reportsreview andpermit issuance by LADBS
The plan review process ofprojects, approval and construction inspections of permitted
PpOiI EAAOO AU ,!$"3 AT CETAAOO AT A ET OPAAOT OO AOA OE
buildings. The construction plans, design calculations, and soil and geology reports for building
permits are reviewed by the LADBS plan check engineers, soils engineers and geologists for
Al i pl EATAA xEOE OEA #EOU60 AT AAO AT A OAcCOI AGETTO
tenant improvements require plan check review, permit issuance and fpection process. This
applies to all residential (single family and multifamily dwellings), commercial, industrial and
private school projects. Public schools are handled by a California State Agency.
The scope of plan review, permit issuance and inspéan of projects are for building, structural,
seismic, grading, disabled access, zoning, green building standards, electrical, mechanical,
plumbing, etc.

3.2.3. Requiredconstructioninspections by LADB&spectors

Constructions are inspected by LADBS inspect®iat different stages to ensure compliance with
the approved plans and to provide quality control and quality assurance necessary for the approved
construction. Approval by an LADBS inspector is required before proceeding to each new
construction phase. Tle contractor has to request for inspection after completion of each phase of
construction such as grading, foundation, underfloor, framing, shear wall, roof, interior finishes,
plumbing, mechanical, electrical and eventually final inspection. The LADBS pegtor identifies
x| OE OEAO AT AOG 11060 i AOAE OEA ADPDPOI OAA PI AT O T 0O A
written correction notices as needed. Upon completion of the corrections, the contractor requests
another inspection to show compliance and proged to the next phase of construction.

In addition to the inspections conducted by the LADBS inspection staff, LADBS requires periodic
visual structural observations of the engineer or architect of record to assure that major structural
elements and connetions are properly installed as designed and approved in the construction
plans and submittal of structural observation reports to the LADBS Inspector.

Also, any phase of work that requires continuous inspection, such as concrete placement or
field welding, is required to be witnessed by a third party deputy inspector approved by the City of
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LA. The LA City licensed deputy inspector provides continuous inspection of the work being
performed and provides reports to the LADBS inspectors in order to ensureuglity construction.

The contractor is held accountable to correct all deficiencies including those identified by the
structural observer and deputy inspectors.

3.2.4. Certificate ofoccupancy
After completion and approval of all required inspections, a Certifate of Occupancy is issued
by an LADBS building inspector that allows the building to be occupied. This certificate documents
OEA OOAAAOCOEOI Al i PI EATAA xEOE OEA OANOEOAI A1 0O
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3.2.5. Alternate materials andproductsapproval
To assist designers and contractors with selecting code compliant alternate materials and
products, LADBS reviews, evaluates and approves technical reports of alternate materials and
products submitted for the Depari AT 08 O ADBPDPOI OAIl 8 4EAOA OADPT OO0 A
testing agencies approved by the LADBS using established criteria for fire resistive components,
structural connections, alternate materials, etc. The product evaluation criteria are based on
American Society for Testing and Materials (ASTM) standards, which are approved by the
International Code Council and/or other nationally recognized organizations that develop codes
and test standards. The LADBS policy on the approval process is outlinedhe t ADBS Information
"O11 ACET h -Ood " &l IcEhla |11 ' AAAPOET ¢ 1 OAOT AGA " OEI /
obtained at: http://ladbs.org/LADBSWeb/information -bulletins.jsf.

3.3. Lessons Learned from the Past Earthquakes

Every major earthquake providesnew knowledge on ground motions and their impact on the
buildings. It allows engineers and researchers to observe and study the performance of the various
building constructions during the earthquake. Their efforts will identify necessary modificationsa
the codes in order to build or retrofit with construction standards that mitigate the effects of future
earthquakes. The lessons learned from the Northridge Earthquake, a major earthquake that hit the
LA Basin, have made a significant contribution in drancing the seismic design requirements of the
building code.

In the early morning of January 17, 1994, a 6.7 magnitude earthquake struck Northridge, a
populated suburb of the City of Los Angeles (about 30 km northeast of downtown Los Angeles) in
the SanFernando Valley and caused a lot of damage particularly in lerise buildings. This was the
worst earthquake to hit the Los Angeles basin since the 1971 San Fernando Earthquake. The
Northridge earthquake shaking lasted about 20 seconds. Severiyo deathswere attributed to the
earthquake and over 9,000 people were injured. The earthquake caused over $30 billion dollars in
estimated damage, and it was one of the costliest natural disasters in U.S. history.

Immediately following this earthquake, LADBS estdizshed a Joint LA City/SEAOSC engineering
Task Group to study the earthquake damage to various types of construction. The Task Group
looked into the performance and damage of wood frame construction, concrete parking structures,
steel frame buildings, nonductile concrete frame buildings, ground motions, tikup wall
construction and nonstructural elements, i.e. piping, chimneys, ceilings, etc.

The Northridge earthquake taught us many lessons about the performance of these types of
buildings. The resultsof the studies were used to develop and implement emergency code changes,
retrofit standards and code amendments. Some of the reported problems were:

9 Narrow wood shear panels, stucco and drywall construction did not perform as expected.
1 Numerous hillside residential buildings had severe damage and some collapsed and caused
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injuries and a few deaths.

1 Masonry and tilt-up concrete wall buildings with wood flexible roof diaphragms failed at the
roof to wall connections.

1 Numerous steel moment frame welded jmts were found to have fractures through the
welds and beamcolumn panels.

The task group later expanded to form a joint venture of the Structural Engineers Association of
California (SEAOC), Applied Technology Council (ATC) and California Universities Research in
Earthquake Engineering to develop solutions to the problems observed in steel momeiiame
buildings. This eventually evolved into the Federal Emergency Management Agency (FEMA) study
and the FEMA 350 through 353 documents fosteel momentframe buildings. These documents
recommended seismic design criteria for new buildings, seismic evaluation and upgrade criteria for
existing buildings, postearthquake evaluation and repair criteria, and quality assurance guidelines,
respectively.

LADBS vas proactive in proposing code amendments for new construction and mandatory and
voluntary seismic retrofit ordinances for existing buildings to mitigate loss of life and damage to
property caused by theeffects of the next earthquakeSome of the changesvere implemented
within weeks of the earthquake by passing urgency ordinances or directives.

The Northridge Earthquake pointed out the importance of proper detailing and assurance dh
the load path be maintained.This eventually led the City of Los Angebk to require visual
observation of the structural system by the registered design professional responsible for the
OOOOAOO0OAT AAOGECT 1 &£ OEA pPOI EAAOR AAITT AA O3000AQC
performed for general conformance to the aproved construction plans at significant construction
stages and at completion of the structural system. The Structural Observation does not include or
waive the responsibility for the inspection required by the LADBS inspectors.

The Northridge earthquake also resulted in improved hillside building constructions by
requiring new hillside structures to be horizontally anchored to their foundations. In addition,
existing wood frame cripple wall buildings are voluntarily being retrofitted with the Los Angels
#EOUBO AAOAI T PAA OOAT AAOAOR AT A OEAOGA AOA Al 01 AA

3.4. Seismic Retrofit Programs in LA

Four mandatory and five voluntary Seismic Retrofit Programs have been implemented and
enforced in the City of Los Angeles to rigate loss of life and damage to property caused by the
effects of a moderate to a severe earthquake in vulnerable buildings. These programs are
summarized in Tables 1 and 2.

3.5. Earthquake Recording Instrumentation

The LABC assists with the future developm# of earthquake design by requiring strong motion
recording instruments to collect data during seismic events. The LABC requires every new building
over ten stories in height or over six stories and more than 60,000 square feet to be equipped with
at least three approved recording accelerographs. Installation criteria are described in the LADBS
YT &1 Of AGET 1 " O1 10480 Fpkdificatih® Fot BtrongMoiion Accelerographs and
2ANOEOAT AT OO EI O )T OOAT 1 AGETT AT A 3AOOEAETC80

In addition, buildings desighed using time history analysis methods are required to be equipped
with additional instruments. Locations of these instruments are identified during the structural
engineering review process. These more complicated building designs are required to udeet
000iTc 11T OGETT OUOOAI AAOGECT AT A AOEOAOEA AAOAOEAA
117 Structural Monitoring Equipment in Buildings Designed with Nonlinear Response History
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001 AAAOOASBO® " T O may beHoutnEaR dtd://ladb&drd/LADBS \Web/information -
bulletins.jsf.

TABLE1l: MANDATORYEARTHQUAKEHAZARDREDUCTIONPROGRAMS

- Starting
Type of Building / Program Date
Existing Unreinforced Masonry Buildings designed Prior to October 1932 ABC Chapter 88) 1981

1 Mandatory installation of wall anchors, additional shear resisting elements and diaphragm strengthenir
8,080 Buildings Affected 8079 Buildings Complied

Existing Tilt-Up Concrete Wall Buildingsdesigned Prior taJanuary 1976 (LABC Chapter 91) 1994
1 Requires installation of anchors between walls and roofs and strengthening of roof diaphragms to impr

collapse prevention.
2,638 Buildings Affected 2638 Buildings Complied

Special Provisions for Repair of Welded Steel Moment Frame Buildings in High Earthquake Daethg 1995
Areas (Ordinance No. 170406, effective 3/7/95)
1 Owners were required to sample beam to column joints and provide LADBS with a report. If damage v
found, then additional testing and repair were required.
255 Buildings Affected 254 Buildings Cqrtied

Initiation of Seismic Gas Shutoff Valves (Ordinance No. 170406, effective 3/7/95) 1995
30,000 complied per year

*The above Chapters of the LA City Building Code are foundhatp://ladbs.org/LADBSWeb/codes.jsf

TABLEZ2: VOLUNTARYEARTHQUAKE HAZARDREDUCTION PROGRAMS

Starting
Date

Existing Wood Frame Residential Buildings with Weak Cripple Walls and Unbolted Sill Plates (LAB( 1996

#EADOAOO#HOEDPDI A HAIT 1 069 xAl 1 O AgMOstdighle warsl O1 A A

Ai 1T OOOOAOAA xEOET 60 AT Di AOA O RAphids toAeddTdsaniih O

dwellingsEInstallation of anchor bolts and shear connectiodsichor LA Program, I O | T CAl /

developed standard Plans are also being useditside of the City by other agencies.

Existing Wood Frame Residential Buildings with Soft, Weak or Open Front Walls (LABC Chapter 93 1998

A current motion is placed to make it mandatory and the Department is working on iEApplies to

buildings usedas apartment houses, hotels, lodging houses, or congregate residdadggrade lateral

load resisting systems of the first levels that were constructed without adequate lateral load resistan

OEOOET C (EI 1T OEAA " OBRUpgtdAAC O /A OEA# OHDAOBOBEAWA 1996

AEADPEOACI 6 1T £ AOGEI AET Riostalation addhénér Adisitdithelfdundadidn End]

additional shear resisting elements below bakeveldiaphragm

Type of Building / Program

Existing Reinforced Concrete Building and Concrete Frame Buildings with Masonry Infillsdesigned 1996
Prior to January 1976 , ! " # # E A B@ Argineerun@y upgfade the lateral load capacity to 75'

of the current code level forcd&Currently under review for a mandatory seismic retrofibosideration

Existing Reinforced Concrete and Reinforced Masonry Wall Buildings with Flexible Diaphragms 1996
designed after January 1976, ! " # # E A BpgrAd@ of @apiflpldte concrete or masonry wall

buildings constructed under building codesfective prior to January 1, 199BUpgrade of tiltup
concrete wall buildings constructed under building codes effective after January 1, FI#& engineer
may upgrade the lateral load capacity to 75% of the current code level forces

*The above @apters of the LA City Building Code are found attp://ladbs.org/LADBSWeb/codes.jsf

3.6. Emergency Response Preparedness

When an earthquake disaster strikes a city, there is an immediate need for trained inspectors
I )

and engineers to evaluate the safety of tA EQOUS O AOEI AE
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EOOEOAEAQEI 1860 ET OPAAOTI 00 AT A AT CET AAOOh AOAEEOQA]
assist through mutual aid programs is critical. The Applied Technology Council (ATC) report, ATC
20, has been widely used in earthquake recovery efforts.

4EA ,1$"3 EO A EAU 1 AT ARO 1T &£ OEA #EOUB8O %i AOCAI
AT T OAET AOA Al1 OAOI OOAAO jE8B8A8h PAOOITTAI h AITAR
developed response and recovery plans for major disaster events and continues to update them on
a periodic basis in order to carry out recovery activities and minimize social disruption. Most of
these plans are reviewed annually.

In the event of a catastroplt earthquake, LADBS will take the following actions:

1. Send mass notification messages to all LADBS employees alerting them of the event and asking
them to report their availability.
Deploy a team of cadres to respond and assist at EOC.
SetuptheBuildl ¢ AT A 3AZAOUGO $APAOCOI AT O / PAOAOGETT #A1C
the Department.
4. Set up an Incident Command Post near the epicenter to coordinate all resources within the
affected area.
5. Deploy specially trained teams of inspectors and engiers to evaluate whether Essential
Government Buildings are safe for continued occupancy or they must be vacated immediately.
6. $EOAAO Ail 1T OEAO ET OPAAOGETT AT A AT CGCET AAOETI ¢ OOAA
Post before conducting safety asssment of all other buildings to receive instructions.
7. Gather damage information quickly and report to the Mayor and the City Council. Mutual aid
may be requested at this time.
8. Provide rapid evaluation of damaged buildings and post the buildings in acaance with ATC-
20 guidelines to inform owners, occupants, and the public about the condition of a damaged
building in terms of its suitability for occupancy and general use following an earthquake.

whn

3.7. ATG20 Rapid Evaluation of Damage and Posting Procedure

The primary goal of safety assessments is to quickly determine the safety of essential facilities,
to identify those structures that can be fully or partially occupied, and to identify safe shelter for
those left homeless. Staff will be teamed up withne or two other individuals, with ideally at least
one inspector and one engineer per team. The team will be given a list of addresses or city blocks to
survey for damages utilizing the AT€0 procedures.

[Evaluation Levels]

Rapid Evaluation: This first level of evaluation is normally simple. It is designed to quickly
designate the apparentSAFEand the obviouslyUNSAFEstructures. Doubtful structures should be
AAGECT AGAA &I O A O3$SAOAEI AA %OAI OAOEI T 68

Detailed Evaluation: The Detailed Evaluation is thesecond level of examination. It consists of
a thorough examination of a structure, inside and out, and is designed to result in the rating of such
structures as either SAFEfor use, potentially dangerous (i.e. RESTRICTED USE or UNSAFE It is
normally performed by a structural engineer or building inspector/structural engineer team.

Posting Placards: Inspected buildings are posted by either green, yellow or red placards
according to extent of damage and condition of the building.

Inspected (Green) : An inspected building will be posted Green, when there is no restriction on
use or occupancy and the lawful entry, occupancy, and use of the building is permitted. Any
building with observed damage that does not appear to pose a safety risk can be posteen.

Restricted Use (Yellow) : An inspected building will be posted Yellow, when there are some
risks from damage in all or part of building and is off limits to unauthorized personnel. In this case,
possession recovery may or may not be permitted ana detailed evaluation will be required for re
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occupancy.

Unsafe (Red): An inspected building will be posted Red, when there are severe structural
damage, signs of falling, collapse or other hazards exist in the building. 1 this case, the building
cannot be entered or occupied and the owner must mitigate hazards to satisfaction of jurisdiction
to gain entry. This does not necessarily indicate that the building has to be demolished.

4. CONCLUSIONS

As described above, the following key functions play critad roles in achieving the LADBS
mission of enhancing seismic safety in the City of Los Angeles, mitigating earthquake hazards and
AT EAT AET ¢ OEA #EOUBGO OAOEI EAT AUS
9 The updated and current City Codes for design and construction with the amendments
developedand implemented from lessons learned from past major earthquakes are expected to
result in buildings with reliable performance in resisting earthquake forces.
9 The LADBS approval process for construction projects has been designed to include independent
rAOEAx T &£ PIATO AT A OAI AGAA OAPI 0066 Au OEA $AbD
engineers. It also includes inspections by LADBS inspectors in different stages of construction.
This process ensures compliance with the City Codes and policies, and stomction compliance
with the approved plans. It also provides the quality control and quality assurance necessary for
the approved constructions.
Seismic retrofit programs in Los Angeles mitigate earthquake hazards in the existing buildings.
The City ofLos Angeles earthquake recording instrumentation requirements are result of the
$ADAOOI AT 060 OAI ACEAAT A AEEI 000 O AOOEOO OEA &0
T4EA $ADPAOOI AT O8O Ai AOCAT AU OAODIT Tidd Aajob dishdsieA OAAT AO
events will assist theCity to carryout recovery activities and minimize social disruption after a
catastrophic event.
11 OEAOA AT OA &£O1 AGET 1 O0h AlT1 ¢ xEOE OEA ,1$"38
quality assurance in building construtions, collectively, enhance the ability of the City in containing
the effects of occurring earthquakes and rebound more quickly from a major disaster event.

=A =

Information presented in this paper is availble from the following sources:

[1] City of Los Angels Building Code, 2014.
[2] Los Angeles Department of Building and Safety Information BulletinP/BC 2014119 Policy on
Accepting Alternate Biilding Materials or Products.

[3] Los Angeles Department of Building ash Safety Information Bulletin,P/BC 2014-048 Speciftations for
Strong-Motion Accelerographs and Requirements of Installation and Servicing, Retrieved from
http://ladbs.org/LADBSWeb/information -bulletins.jsf#ib3.

[4] Los Angeles Department of Building ah Safety Information Bulletin, P/BC 2014117 Structural
Monitoring Equipment in Buildings Designed with Nonliner Response History Procedure, Retrieved
from http://ladbs.org/LADBSWeb/information -bulletins.jsf#ib3.

[5] Applied Technology Council (ATC)ATC 20, Procedures for Post Earthquak&afety Evaluation of
Buildings, 1989, and Addendum, 1995.
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Figure 1: Map of City of Los Angeles; 15 Council Districts of Los Angeles.

Figure 2: Seismic fault lines in Los Angeles vicirfigurce of map:
http://earthquake.usgs.gov/earthquakes/recenteqscanv/FaultMaps/Los_4ales.html
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Abstract

To increase sustainability and resiliency of the cities and built environments, improvements in
the building codes and rehabilitation guidelines and their proper enforcement are essential
requirements for the governments and the local adimistrations. These requirements are more
important for the developing countries. In this paper, some of the recent modifications in the
Iranian building codes and rehabilitation guidelines, as a developing country, are reviewed and
their improvements and shortcomings, in regard to resiliency and sustainability of the cities, are
presented. It is observed that a considerable advance has been achieved by the preparation of the
new codes and guidelines and by the maodification of the previously existing eitihs, which could
increase the safety and resiliency. In the same time, more effective enforcement policy and quality
control are needed by the city administrations. Training of the construction work force and
increasing the public awareness requires moreffective approaches, too.

Keywords: Building Code, Resilient Cities, Earthquake, Seismic Rehabilitation

1. INTRODUCTION

Rapid growth of the population and the increasing density of the population have increased
settlements in hazardprone areas of the largecities of the developing countries. Increasing the
number of unsafe dense structures, to overcome the housing problem of immigrants, has raised the
vulnerability level of the many cities. Resilient cities are those cities which could absorb the shocks
and effects of disasters and overcome their consequences by adapting consistent mistieral
policies. As a contribution to the global campaign, to make cities more resilient, thnited Nations
International Strategy for Disaster Reduction UNISDR) programhas suggested ten essentials for
implementation by the local governments of both developed and developing countries [1]. The ten
essentials of UNISDR include: organization and coordination, assigning a budget, preparing risk
assessment, maintaining the gtical infrastructures, upgrading the safety of essential buildings,
applying and enforcing realistic building regulations and land use planning principles, ensuring
education programs and training, protecting ecosystem and natural buffers, installation aarly
warning systems, and after the disaster, ensuring that the needs of the affected population is placed
at the center of any reconstruction policy.

Recognizing the vulnerabilities, increasing preparedness for the probable hazards, and
employing preventative measures are some of the basic requirements for enhancing the resiliency
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of the cities. Collaboration of the citizens and nongovernmental organizations with the city
administration, to mobilize the local capabilities, could increase the resiliency. Reviewing the
regulations governing the city affairs, to improve and facilitate their use, is very important step. To
increase sustainability and resiliency of the cities and built environments, improvements in the
building codes and rehabilitation guiclines should be considered by any national and local
government.

The sixth essential of UNISDR [1] suggests the enforcement of risk compliant building
regulation, identification of safer lands for low income citizens, and upgrading of informal and
unsafe settlements. In the developed countries, the building codes have, relatively, longer history
and they have an evolutionary modification process. By comparing, as an example, the basic
building code of Building Officials and Code Administrators (BOCA) af975 [2] and the
International Building Code (IBC) of 2009 [3], one could observe the dramatic changes in the
different parts of the code. Building codes are much younger in the developing countries and they
need more investment for this essential need. t has been observed that the developed countries
are stricken by disasters as much as the developing countries [1], but their sources, capabilities,
shortcomings, and resiliencies are not the same.

The majority of developing countries do not have completand consistent building codes and
those codes are not enforced by the city officials properly. Many engineers and people are not
aware of their importance and do not respect the code. In Iran, as an example of the developing
countries, the building codesare relatively young and are not properly observed and implemented
by the cities. In this paper, some of the recent modifications in the Iranian building codes are
presented. Also, the seismic rehabilitation guidelines, for the existing structures, areviewed. The
improvements and shortcomings of those codes and regulations, in regard to resiliency and
sustainability of the cities, are discussed.

2. NATIONAL BUILDING CODE

First noticeable attempts to establish building regulation in Iran date back to th&960s, when
some governmental offices and the Iranian National Standards Organization (INSO) published
several regulations and standards concerning construction and materials. The subjects of Iranian
standards and related news, in Persian, may be found the web site of INSO [4]. Based on one of
OEA EOAIT O 1T &£ OEA 1 Ax 1 &£ Ol OCAT EUAOEIT & O OEA
Iranian parliament in 1995, several organizations were established and the first unified National
Building Code (NBC) was prepared in twentyArticles. A few of the subjects had earlier editions,
which were integrated in the NBC.

The Organization for the Engineering Order of Building (OEOB) is, partially, a nongovernmental
organization and its council of directors is &ected by the engineers. OEOB issues identification
cards for the engineers and supervises their practice. More information and news about OEOB may
be accessed from its web site in Persian [5]. Also, the Office of National Building Code Affaires
(ONBCA) wa created in the ministry of housing. ONBCA supervises training programs for the
engineers and conducts the professional engineering exams. ONBCA uses its web site in Persian [6]
to inform engineers about the construction rules and the code. Up until 2018 NBCA managed the
preparation process of NBC. At the end of 2013, the Road, Housing & Urban Development Research
Center (RHUDRC) became responsible for the further developments of NBC. The web site of
RHUDRC in Persian and English [7] provides some infoation related to NBC and its other
activities. Most of the members of the code council and its committees have changed in 2014,
which may hamper the continuity and sustainability of the NBC.

All articles of the NBC are prepared and modified by a technicabmmittee and are published in
separate volumes, after approval by the code council. The main sources for the NBC are the
available codes from other countries and limited Iranian references. Based on the experience
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obtained by enforcing the earlier editils of the code, harsh environmental occurrences of recent
years, and manmade hazards in the fast growing cities, the code committees modified and extended
the contents of most of the Articles. Some new editions of building codes in other countries were
also considered in the modification process of the NBC Articles. Most of these new revisions were
published in 2013 (see Table 1). The last two Articles of the NBC were published, recently, for the
first time. City officials should control the process of dagn and construction of all structures based

on the NBC and any extra city rules, which may be approved, considering the local necessities, by
the city councils. Some of the recent modifications in the NBC will be reviewed in the following
subsections.

TABLE1: ARTICLES OFRANIANNATIONALBUILDINGOODE

First and Last Editions

Article Publication years
1 - Definitions 2013 and 2013
2 - Administration 2005 and 2005
3 - Fire Protection 2001 and 2013
4 - General Requirements 2008 and 2013
5- Materials and Products 1990 and 2014
6 - Loads on Structures 2001 and 2013
7 - Foundations 1990 and 2013
8 - Masonry Buildings 2005 and 2014
9 - Reinforced Concrete Buildings 1989 and 2014
10 - Steel Construction 1989 and 2013
11 - Industrialized Construction 2004 and 2013
12 - Precautions During Construction 1993 and 2013
13 - Electrical Equipment 1993 and 2003
14 - MechanicalEquipment 2001 and 2012
15 - Elevators and Esalator 2001 and 2013
16 - Plumbing and Drainage 1993 and 2012
17 - Natural Gas Piping 2002 and 2010
18 - Acoustic and Sound insulation 2001 and 2011
19 - Energy Saving 1991 and 2010
20 - Signs and Billboards 2005 and 2005
21 - Passive Defense 2012 and 2012
22 - Maintenance of Buildings 2014 and 2014

3. (GENERALREQUIREMENTS ANIFIRE PROTECTION

Most of the buildings in Iran have masonry, reinforced concrete, and/or steel structures, and
wooden structures have limited use, mainly in the norttparts of the country. Some older masonry
buildings have composite mud and wood roofs. The extended use of plastic materials inside the
buildings with residential and business use groups, due to cheaper price, has increased the fire risk
in the populated dties. In addition, the sanitary facilities of many of the old buildings are poor. To
improve the safety and sanitary conditions of buildings, some parts of Articles 3 and 4 were
modified. Regulations regarding exit facilities, in the case of fire, were rdified depending on the
use group.

4. MATERIALS ANDBUILDING PRODUCTS

In recent years, the variety of materials and building products, which are used in construction
industry, has increased dramatically. The public and many engineers have little knowledgetbg
new materials and may use those products improperly, which could yield safety, health hazard, and
property loss. To address this rapid changing situationhe fourth edition of the fifth Article was
published in 2014. In this Aticle, the safety and gality requirements for commonly used building
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materials, such as various brick units, gypsum, natural stone, cement and cemdased products,

mortar for masonry, and concrete aggregates were presented and the national standard numbers

for their quality assurance tests were assigned. Regulations for fiber reinforced concrete were
extended and use of asbestos was prohibited. The section for polymer building materials was
extended to address safety and health concerns. A new short section was addedrfonrmaD A OE A1 6 O
use in building products and their health and safety concerns. Environmental impact of for different
materials was also addressed.

5. STRUCTURALDESIGN ANDCONSTRUCTION

A high growth of the population and the fast expansion of the cities dictated nepolicies for
land use. The Iranian government and city officials allowed construction of taller buildings. The life
cycle of many buildings in Iran are less than fifty years. Demolishing the older low rise houses and
replacing them with medium or high rise buildings is very attractive for construction business. To
build safer structures, several of the NBC Articles pertain to the design and construction of
foundations and various types of structures.

Adverse weather condition of the last decades has caubeconsiderable damage to the
population centers. Flooding has become a major problem in some parts of Iran. A major highway
bridge collapsed last year in Tehran, due to flooding of the Kan River, which is dry for most of the
year. The city officials have diled to prevent building of houses around seasonal rivers in many
places. Several roofs collapsed in the city of Rasht and in the southwest of Caspian Sea, during
winter of 2014. In the recent edition of the Article six, to address the effects of extremweather
conditions, new sections for rain, ice, and flood loads were added and the section for snow was
modified and extended to address the interaction of adjacent buildings. ASCE 7 [8] and Canadian
codewere the main sources of the Article six.

To finance the new infrastructures of the populated cities and reduce the traffic, city officials
have sold permits to businessmen to construct taller buildings. This policy has increased the
population density in some areas and attracted more cars to the stree Building new high rises in
the cities with deep basements, also, has damaged many surrounding older buildings and caused a
number of casualties in Tehran and other fast growing cities in recent years. New rules were
adopted in the Article seven to enste safer rebuilding and excavation in the cities. Also, a pocket
size instruction pamphlet was prepared to be used by engineers and the city administration. It
makes clear the responsibilities of different parties in the construction industry, to increas¢he
safety of the citizens and their properties.

Reinforced Concrete (RC) structures are safer than steel structures, considering fire and
explosion impacts. In the Article nine, new topics were added in response to the use of newer
cementbased materials and technologies. A section was provided for the durability of RC
structures. Another section was written for special concretes, including high strength concrete,
fiber-reinforced concrete,SelfConsolidating Concrete (SCC), and lightweight concrete. Thsection
for seismic design was adapted from ACI 318 [9]. A new section on prestressed concrete was also
added to the new edition.

In the Article 10, the Load and Resistance Factor Design (LRFD) provisions were adapted from
AISC 36010 [10]. The seismic demgn of steel buildings, adopted from AISC 3410 [11] and AISC
358-10 [12], has emerged in the main body of the Article 10, due to the high importance of seismic
design for most parts of country. This Article does not cover composite systems and steel ghea
walls, although they are getting used in some of the new projects. Several guidelines are under
preparation for design of steel shear walls and some other building systems such as Reinforced
Concrete columns and Steel beams (RCS) using the existing glids and some experimental
studies. Fig. 1 shows a specimen beam-through type interior RCS connection, recently tested in
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the structural engineering laboratory of Building and Housing Research Center [13]. SCC used in the
connection to ease the castig of the concrete.

Prefabrication and modularization in the Iranian construction industry is very poor and weak.
The aim of the Article 11 is to encourage and regulate prefabrication industry. General and specific
regulations were provided for several prebricated and partially precast systems. Also, light steel
frame structural systems, which could be rapidly erected, were regulated in the Article 11. At the
same time, a separate design and constructiorode was published in 2011 [7].This system was
usedafter the devastating 2003 Bam earthquake for temporary houses and later for the housing of
the low income people. Article 11 also covers some of the precast concrete products and structural
systems.

6. MECHANICAL ANCELECTRICALUTILITIES AND EQUIPMENT

In response to increase in the height of buildings, demand has increased for newer technology
and materials. To address these needs, some parts of the Articles 14 to 19 were revised. In these
revisions, energy saving, health, safety, and environmental effecteeme major concerns. In Article
14, the requirement for using thermoplastic pipes was extended. In the Article 15, due to aging
problem, the height limit for not having an elevator, reduced tduildings with four stories. Natural
gas is the main source ofreergy in the Iranian buildings. It is used for heating and cooking and it is
a major cause of fire and explosion in the buildings. Unfortunately, the Article 17 allows the direct
use of natural gas in the buildings with any height and use group, althoughtivsafety precautions,
due to economical preferences.

TR R

Figure 1: Testing a RCS connection [13].
7. PASSIVEDEFENSE

The new Article 21 published for the safeguarding of the buildings against explosions should be
considered in the architectural and structual design of the important buildings. It should also be
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considered in design of mechanical and electrical components and utilities of buildings. In the
Article 6, a moderate load is assigned for the design of envelopes of the essential buildings.

8. BUILDING MAINTENANCE

The maintenance of the existing buildings, especially medium and high rise buildings, is a major
concern in the large and fast developing cities. For the first time, the Article 22 prepared to increase
the resiliency of the buildings and to fatitate the maintenance managementn this Article, the
responsibilities of owners, residents, managers, and the city officials are defined. Relevant
regulations were included to increase the safety and health levels and to save more in the energy
and the repair costs. The time intervals and procedures for inspection of various parts of the
buildings by the technicians and the engineers were suggested.

9. SEISMICDESIGNCODE

For the majority of cities in Iran, the earthquake hazard is the most important conce of the
people and the officials. A first code, which addressed the seismic loads, was published in 1965 as
the Standard 519 [4]. It assigned minimum design loads for the buildings and other structures. The
seismic load section of Standard 519 was veririef and inadequate for Iran. A special seismic
design code was later developed [7], observing devastating damage and life loss caused by the
several strong earthquakes, and finally approved by the cabinet of ministers in 1986. INSO [4]
assigned a standrd number and is framed as the Standard 2800 [6].

The 4h edition of the Iranian seismic design code, Standard 2800, with several new chapters
and extended modifications, will be published during 2014. In this edition the research results on
special types of structures and the new developments in some other codes [3,8] are considered. The
recent earthquakes have shown that the structures designed based on the existing version of
Standard 2800, have acceptable performance, but they may suffer considerall@amage on their
nonstructural components. In the new version of Standard 2800, the seismic design requirements
for the nonstructural components have been extended and modified as a new chapter to increase
the resiliency of the buildings in the case of stiog earthquakes. A separate chapter was assigned
for the non-building structures, to better address seismic design of industrial structures. Also, the
number of prequalified structural systems was increased to allow the diversity of building types for
different interests.

10. GUIDELINES FOR THEIREHABILITATION OF THEEXISTINGBUILDING

Most of the existing buildings in Iran are not designed and built using a reliable seismic code
and they could suffer high amount of damage in the case of strong and even moderedethquakes.
In the same time, the current building codes provide the minimum requirements to insure mainly
the life safety target, which is not enough to reach the resiliency goals, completely. To increase the
safety, sustainability, and resiliency of thecities, a seismic rehabilitation guideline has been
prepared using the existing sources, mainly FEMA 356 [14] and ASCE/SEI-@4A [15], and
considering different types of traditional constructions, adapted structural systems from Europe,
and their various mixes. This document and its simplified versions have been used in rehabilitation
programs of many schools, a few hospitals, and some other essential buildings. The third edition of
this guideline was published in 2014 to include lessons and experience @alimed during the last two
decades [16].

To encourage the residents of cities to upgrade their buildings, with an affordable cost, several
simplified rehabilitation guidelines have been prepared or are under preparation [7]. The guideline
for rehabilitati on of the structures using fiber reinforced polymers was published in 2013, which
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could be used for reinforced concrete and masonry structures. Another guideline will be published
in 2014 for the existing unreinforced or partially confined masonry building.

?@ (EE

PIER
® 2
-
-
<
=
—#-COLUMN
&— .

WALL
WALL

GIRDER

@
Figure 2: Half- skeleton buildings do not have enough masory walls to resist against earthquake.

By importing steel sections and bars and establishing cement factories, the use of steel and
reinforced concrete structures dominated the public building, since eight decades ago. At the same
time, to reduce the size of space occupied by the thick internal masonry walls, and to increase the
size of windows and doors, various mixes of steel frames and masonry walls were attempted in the
construction of the buildings, especially after the Second World War Il. This popular hybrid frame
and masonry building system was named the habkeleton system by the people and considered to
be much stronger than traditional masonry buildings. In reality, they are very wak and dangerous,
since they do not have enough masonry walls, at least, in one of the two perpendicular directions
(Fig. 2). In most cases the integrity of the roofs with the walls and the columns are very weak, too. A
simplified guideline for the seismicrehabilitation of the half-skeleton buildings was published in
2013 and different upgrading techniques were suggested [7]. Many of the existing houses in Tehran
and large cities have halskeleton system and are vulnerable. To upgrade this group of builtis, in
a large scale, low interest rate loans for low income residents and technical support are the
essential actions.

11. IRAN ANDTEHRAN

Tehran is the largest city of Iran and immigrants from all places of the country, as well as some
of the neighbor states, have gathered there to have a job and better life. Tehran is also the model
city for the other cities of Iran. Citizens, mayors and other officials of the cities around the country
monitor changes in the streets and neighborhoods of Tehran to follow theew trends and fashion.
Any attempt to raise the resiliency of Tehran could affect the resiliency of other cities. Construction
of many highways, bridges, tunnels, and railways in Tehran has changed its built environment
dramatically. Concerns about the a&fety and sustainability of the capital have caused the parliament
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and the government in the one side and the city council and administration in the other side to
initiate various plans and actions, which are, in some cases, contradictory. The seismic hdzair
pollution, high population, and traffic congestion are the main sources of concern.

The birth control policy of the country, which started in 1990, has been under attack by some
officials since 2005. The policy was reversed in 2013 by modifying nmarelated laws and
regulations. Similar to some other countries, mainly based on geopolitical basis, it was emphasized
that the improvement in the sustainability and the resiliency of the country requires more
population, with a higher percentage of youger age people. Due to dryness of most parts of Iran
and economic conditions, this policy requires more effective water resource management.
Encouraging poor people to increase their number could make the resiliency meags more
challenging for Tehran.

In 2009, based on an unreliable prediction about the closeness of an inevitable large earthquake
by a person close to the government, , the government decided to transfer the offices of some
organizations to other cities and encouraged employees to move tbd other places by promising
them a raise in their salary. This plan failed and those offices returned back to Tehran after a year.
Fear of a major earthquake did not disappear, however. At the end of 2013, the parliament asked
the government to prepare gplan for relocating of the capital from Tehran to a better location. They
hope it will reduce the vulnerability of Tehran and increase the resiliency of the government. This
study is under way, but it could take many years with no specific results.

For the Iranian government, the sustainability and the resiliency of the whole country have the
first priority, rather than a specific city. In the other side for the citizens and the city administration,
some of the policies of the government are not desirableThe National Disaster Management
Organization (NDMO) of Iran is responsible for the mitigation of seismic and other hazards in the
country. A brief explanation of the activities of NDMO may be seen at its web site [17].
Unfortunately, the NDMO activitis were, mostly, limited to the postdisaster recovery programs, in
the recent years. It seems that NDMO is planning to be more active in the area of the preparedness
in future. Based on the approval of NDMO in 1999, the city of Tehran began establishiraeater for
disaster management. In 2003, the Tehran Disaster Management and Mitigation Organization
(TDMMO) started its activities in the current form. TDMMO had considerable achievement in the
establishing of crises management centers in the city and NDM@Il help other cities to establish
similar centers. In the Persian web site of TDMMO [18], there are instructions for the citizens to
organize in the various neighborhoodbased groups and participate in the mitighon and
preparedness programs.

Unfortunately, many of the bridges in Tehran, which are older than 20 years, do not have as
built drawings and documents. Sincel995, the municipality of Tehran has started to gather and
generate the as built documents for the existing bridges. Later a group of caisint engineers
started a seismic evaluation of those bridges, which was supervised by a group of experts. Based on
the result, the group advised further study for approximately one hundred bridges. Currently,
under supervision of a committee, more detdievaluation is being conducted on some of the
susceptible bridges. Based on the results, around 30 bridges could require seismic rehabilitation.

It should be noted that in the area of constructing new infrastructures and upgrading the
existing ones a god progress have been achieved, but in the area of enforcing the building codes
the city is, practically, inactive and acts irresponsibly. The research program of partial
strengthening of the masonry and half skeleton houses, which was underway by TDMMOo@tded
in 2009. Selling permits to increase the height of the buildings and their number of apartment units
has resulted in the demolishing of existing buildings with poor structures and their replacement
with taller buildings and more units but smaller szes. This policy may improve the safety of the
buildings, but due to the increase in the population density, the enhancement in the resiliency is
guestionable. Selling lands of some of the public parks, to raise revenue for the city infrastructures,
could reduce the resiliency of the city. Unfortunately, transferring some of the unsafe mountainous

89



areas of north Tehran by some influential organizations to the related businessmen, to build high
rise buildings, has made those areas very vulnerable to seistrevents andandslides. In most cases
the city is dlent against those activities.

In the case of schools, the State Organization of School Renovation, Development, and
Mobilization (SOSRM) implemented, relatively, a vast program for the rehabilitation arrenovation
of the existing schools in Tehran. The organization also is responsible to build new schools and they
conduct fund raising programs to finance part of their projects. More information and news about
their programs may be obtained from D@RM Pesian web site [18,19].Many of these schools had
partially or improperly confined masonry and half skeleton structures. There exists a considerable
study on the confined masonry structures in Iran and there are special chapters for this system in
the Standard 2800, the Article 8 of NBC, and the guideline for the rehabilitation [16]. Fig. 3 presents
a shaking table study of a confined masonry building [20]. Different approaches have been used for
the rehabilitation of the schools. Using a layer of reinfoed mortar, with a thickness of 50 mm on
the masonry walls is a popular technique for upgrading the masonry schools.

Figure 3: Testing a confined masonry structure on the shaking table of Sharif University [20].

The various plans and actions of differenstate and city organizations have resulted in some
improvements in the resiliency level of Tehran. Tabl@ summarizesthe relative progress made in
the ten essentials [1] required to reach to the higher levels of resiliency and sustainability, for
Tehran. Bonowitz [21] has compared San Francisco and Tehran and noted that the resilience
measures appropriate to one city might not apply to another. The difference is larger and more
diverse for a city in a developed country versus another city in a developingountry. Although
there are many differences, it seems that the ten essentials of UNISDR [1] could provide a suitable
common ground for measuring the efforts of the different cities, and may facilitate their
communication and collaboration in making the egh more resilient.
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TABLE2: PROGRESS IMAKING TEHRANMORERESILIENT

Essentials [1] Progress made
1- Institutional and Administrative Framework Moderate
2-  Financing and Resources Moderate
3- Multi Hazard Risk Assessment, Know your risk Fair
4- Infrastructure Protection, Upgading and Resilience Fair
5- Protect Vital Facilities Moderate
6- Building Regulations and Land Use Planning Moderate
7- Training, Education, and Public Awareness Moderate
8- Environmental Protection and Strengthening of Ecosystems Poor
9- Effective Preparedness, Early Warning and Response Poor
10- Recovery and Rebuilding Communities Poor

12. CONCLUSIONS

1.

A considerable progress is observed in the recent preparation of the new, and the improvement
in the existing, building codes and rehabilitation gidelines in Iran. Observing and enforcing
these documents could increase the safety, sustainability, and resiliency of the cities.

. Rehabilitation programs for the existing infrastructures and essential facilities are slow and

require more investment.

. Supporting, financially and technically, the rehabilitation program of the existing haiskeleton

and masonry buildings could dramatically reduce life loss in the event of major earthquakes. The
prepared documents could help this program.

. Training the involved people, and increasing the public awareness, need more attention at the

national and the local levels.

. Some policies of the central government and the city administration could be not in line with

each other and contradictory, especially in the developg countries, which makes the resiliency
programs more challenging for those cities.

. Collaboration of the different states and cities is essential for hazard mitigation and resiliency of

any city on the earth.
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Abstract

Thoughtfully-chosen and properlydesigned new construction can significantly improve both
the resilience to natural and manrinduced disasters and the lag-term sustainability of modern
urban environments in the 2t century. In particular, precast/prestressed concrete construction
has the ability to provide low-damage or damage free building forms at similar costs to traditional
construction while also providing a more sustainable construction form, in terms of higher energy
efficiency and lower embodied energy, in comparison other methods. In this paper, lesdamage
sustainable precast concrete seismic systems are described. With respect to sustainabilitye
prestressing of precast concrete leads to less material required and hence less embodied energy;
the piece erection leads to cleaner, quieter construction sites; and the insulation and architectural
finish can be integrated directly into the precast uit, increasing energy efficiency and consolidating
construction operations. With respect to resilience, earthquake damage is avoided by taking
advantage of the inherent jointed nature of precast concrete construction, thereby promoting
opening of gaps beween precast units rather than cracking of the concrete itself, and using
unbonded posttensioning concepts to restore the structure to its original centering. The potential
use of precast concrete in developing countries where no precast industry exists ¢onsidered in
the context of global sustainability. The performance of precast concrete in recent earthquakes is
presented, including past norconforming designs, more recent construction emulative of well
detailed reinforced concrete, and newer low damge forms, as an example of a resilient
construction.

Keywords: Seismicresistant Structures, Precast Concrete Structures, Resilient Construction, Sustainable
Construction

1. INTRODUCTION

Community resilience for sustainable urban environments involves the aliy for the sustaining
urban community to rapidly regain its regular function, in terms of habitation, commerce, public
services, local culture and way of life, after a sudden and disruptive natural or manmade event [1].
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Fig. 1 shows a schematic of thigrocess, indicating the difference between resilience and
sustainability. As seen, the factors that influence community resilience can be divided in two
groups: (1) those that the pertain to the actions the community can take prior to an event to lessen
the immediate impact of the event on loss of function (i.e. increase robustness), termed ex ante
mitigation; and (2) those that pertain to the actions of the community can take in response to the
event (rapidity of recovery), termed ex post actions. This mrcess can apply to natural and man
made hazards in general, and thus while the paper focuses on earthquake resilience, many of the
points are applicable generally to multihazard resilience.

For earthquake resilience, ex ante mitigation primarily refersa hardening of infrastructure,
for instance retrofitting (or demolition) of vulnerable structures and promoting new construction
that is more resistant to earthquake hazards [2]; the ex post actions refer to the preparedness of the
community [3]: in the immediate aftermath emergency responders and critical care facilities, and
government leaders, decision makers and public service broadcasters; and in the longer term,
inspectors and engineers, city planners, urban and public policy, community organizerssimance
companies, etc. Note that though the ex post actions occur after the event, effective preparedness to
execute these actions requires significant planning, coordination, and preparatigrior to the event

A Community
Function Natural_or man-
made disaster ,
Sustainable
—*._ -

Ex-Post / |

\Actl’ons

Ex-Ante
Actions

Community | Rapidity of Response
Robustness and Recovery

L 3

Time

Unsustainable

Figure 1:Loss triangle: actions influecing resilience.

It may be claimed that, historically, governing bodies have tended to be more reactive than
proactive to natural disasters with a focus on posevent response. In recent years, however, great
advances in assessing the vulnerability of inglidual infrastructure assets and communities have
provided unparalleled opportunities, including the use of geospatial information, remote sensor
data, analytics and visualization to interpret and gain knowledge for the purpose of planning for,
responding to, and recovering from disaster events [4]. A key step for community earthquake
resilience is to inventory existing or planned infrastructure in terms of vulnerability and
consequence and relate it to anticipated seismic hazard [5]. However, as urban coomities have
become more complex, where the lifelines (power grids, utilities, communication and
transportation networks, etc.) are intertwined into coupled integrated systems that provide normal
business and daily life; and infrastructure may be aging wta the population remains dense; the
interactions of these failing critical lifelines can have cascading effects to a community and
surrounding regions [6]. Business interruption, dislocation of the populace, and loss of normal
activities can have severe egative societal, cultural and economic effects locally, regionally or
nationally, leading to natural disasters events overwhelming even the most carefully planned
response [7]. Thus, the importance of building inherent robustness into the community
infrastructure has risen in relative importance [8], and comprehensive exante mitigation strategies
have been found to be effective [9].
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Community resilience efforts have to be considered in the context of sustainability [10].
Sustainability refers to the abilty of a system or process to endure (or thrive) over its intended
duration. In the context of modern urban environments, sustainability pertains to ecological impact,
durability, energy and resource consumption relative to supply, and economic viabilityof
continued functionality based on operational requirements, long term deterioration, and changes in
the surrounding environment [11]. Thus, while community resilience might be viewed as the ability
to restore functionality after a singular event, sustaiability is the ability to maintain functionality
over the expected lifecycle (Refer to Fig. 1). Community resilience often poses competing
requirements to the parallel requirements for sustainability; at a minimum, policies for these
critical aspects arefighting for the same scarce resources [12].

This paper will focus on ex ante mitigation of building structures, and in particular, new
sustainable construction for developed or developing countries that is more resilient to earthquake
hazards. The discusion focuses on precast/ prestressed concrete, a construction form with
characteristics that lead to advantages in resilience and sustainability.

2. SUSTAINABILITY ISSUES FOBUILDING STRUCTURES

Sustainability for buildings focuses on environmental effects ah energy use through the
construction, operation, and demolition of the structure, including those associated with the raw
materials used in the process. These factors are often evaluated in a Building Life Cycle Assessment
(LCA) covering construction andoperation [13].

2.1. Concrete Building Construction: Embodied Energy and Efissions

Key aspects of sustainability for concrete include embodied energy and carbon emissions in its
construction:

About 6% of all energy consumed is used to manufacture and traport building materials [14].
The Process Energy is the measure of energy directly related to manufacture of the material (raw
material extraction, transportation to plant, product manufacturing costs), and is more commonly
reported than a total embodiedenergy (business overhead costs, etc.) [15]. The structure, envelope,
AT A EETEOEAO AT i POEOAt-CAADG cpﬁrpAn A@EEAOAEAAT@&ACOQ&Al Al A
including non-trivial amounts of energy required to transport materials to a project site 16]. Thus,
while embodied energy depends on material and building techniques, it can be reduced
significantly when local materials are used for building construction [17]. Fig. 2a shows the
embodied energy density inherent in different construction materids [18]. Though not possessing
the highest density, the significant percentage by weight of concrete used in structures tends to
render it the most significant contributor in construction (e.g., Fig. 2b [15]).

Typical concrete contains approximately 1612% cement by volume. Significant CGemissions
occur in cement production due both to fuel use (combustioigenerated, 1/3d) and heating of the
calcium carbonate (calcination, 2/3¢q ¥ p WY 8 3ET AA OEA pwxynédodh OEA 58
CQ emissions and energy usage per ton of cement by approximately one thif@0]. The global
cement industry reduced its specific net COemissions per ton of product by 17% since 1990.
However, overall cement production has increased by 74% in that same time, leadittgan absolute
CQ emissions increase of 44%. Today, cement production still accounts for approximately 5% of
global CQ emissions, one of the more significant antributors outside electric gereration and
transportation [21].
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2.2. Building Operation

Worldwide, approximately 70% of generated electricity is being consumed by buildings.
Buildings employ 40% of raw materials (3 billion tons annually) for construction and operation
worldwide [21]. In the U.S., buildings consume 65% of the electricity generated amdore than 36%
of the primary energy (such as natural gas); they produce 30% of the national output of greenhouse
gas emissions; and theyse 12% of the potable water [22
Many developing nations have increased energy demands due to increased manufactgriand
urbanization. For instance in China (See Sec. 3.5), energy demand has increased dramatically as it
has become one of the major manufacturing centers of the world with demand expected to exceed
current supply [23]. A major contributor to reducing demand would be more energy efficient
buildings, which can lower operating costs by a factor of two P.

It is important to holistically view embodied energy in the context of the buildings overall
lifecycle [24], as tradeoffs exist between initial vs. opet#gonal energy costs. For instance, providing
good thermal mass for energy efficiency (See Sec. 3.3) may be associated with a higher embodied
AT Aocun AO AOQOEI AET CO AT 1T 001 A 1AOGO AT Aocu EIT 1 PAC
materials will becomeET AOAAOET Cl1 U EiI b1 OOAT O AO A PAOAAT OACA
[16]. However, if an infrastructure asset is durable (See Sec. 3.1) and thus can remain in service
longer, the operational energy efficiency can become more significant than tbae-time embedded
energy demands (See Fig. 2c), even if the thermal mass high in embodied energy, leading to a net
savings [5].

Embodied energy in Building Embodied energy (64
Materials [18] ° 5 100 150 200 250

Material Watt -Hr./Kg e - o R
Straw bale 67 stariess st S § oo | | L
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Figure 2: Embodied Energy: (a) Material Density [18]; (b) Typ. Home Construction [15]; (cja@ipaal Energy
[22].

2.3. Measures for improving Concrete Sustainability

In concert with targets for overall CQ emissions [26], plans call for reduction in the cement
industry by the year 2020 to 10% below a 1990 baseline through investments in equipment,
improvements in formulations, and new techniques for cement and concrete that improve energy
efficiency and durability [21]. These targets count on everal advances with the potential to
improve the carbon footprint of concrete construction, in conjunction wih measures to lower the
energy required in cement production [20]. The advances, in different stages of development
(research, demonstration, pilot, semicommercial), include emerging grinding and kiln
technologies; alternative raw materials andcement products; carbon capture technologies and
nanotechnology [27].

One key advance is the use of Supplementary Cementitious Materials (SCMs)pazzolan
replacementsin the manufacture of cementSCMs are byproducts of other industrial processes and
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include fly ash (coalburning electric power plants), slag (iron blastfurnaces in steel mills), silica
fume (electric arc furnaces), and calcined clays. These pastiustrial recyclable materials are
plentiful (~60 million tons of fly ash were produced in the U.Sin 2007) and would otherwise
occupy valuable landfill space. The amount of cement used in concrete may be reduced by up to
60% through SCM substitution leading to a reduction in greenhouse gas emissions per cubic yard of
concrete of 45% [21]. SCM can alsmodify concrete properties, e.g. fly ash reduces concrete
permeability and heat of hydration, and increases strength and durability [28]. Fly ash also slows
the time of set which may be offset by chemical accelerating admixtures (other admixtures can
reduce water demand or intentionally entrain air). Light colored SCMs such as white silica fume or
metakaolin can be used for architectural face mixes. As industrial byproducts, some SCMs may not
be part of an ideal future due to lower material availability & sustainable development extends to
other industries. In the meantime, SCMs offer a lowost solution with beneficial sustainability
effects on multiple industries.

More exploratory technologies exist such as carbon storage methods. For instance, Accetzia
Concrete Carbonation Curing (ACC) attempts @€equestration. This method accelerates the curing
process, improves physical properties, while storing carbon dioxide [29], and claims a potential to
reduce global C@emissions by as much as 1% [30].

3. PREGSTCONCRETECONSTRUCTION

3.1. Precast Concrete

00AAAOO AT 1 AOAOA EO OPOAEAAOEAAOGAAG AO A DI ATO
typically prestressed at the plant using high strength steel tendons that place the concrete in
compression (often placed lower in the crosssection to counteract the effects of gravity load, i.e.
AAi AARO OEA AAAI ObxAOA OI OEAO COAOGEOU 11 AAOG Aol
thereby make the units more effective in transferring gravity loads. Prestressing puides two
distinct benefits: (1) it increases stiffness because the crossection acts as uncracked concrete; (2)
it increases durability since reinforcing steel is not exposed to corrosion introduced by moisture
penetrating cracks in the concrete. The jmary advantages of precast/prestressed construction
include [31]: (1) Speed of ConstructiorPrecast unit production occurs in parallel while site work
progresses; the structure is erected rapidly by lifting units off the back of a truck; and all weather
construction (cold weather does not stop construction). (2Better Quality Contral Precast units are
produced in controlled environment (ideal humidity, temperature, etc.), using standardized
modular forms by skilled, experienced workers, and are easilyngpected. (3)Light Long spans
Greater spanto-depth ratios are achieved for prestressed members, and (4)urability: Due to
higher strength/quality uncracked concrete with low permeability & water/cement ratio.
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Figure 3: Precast Concrete [31].

Precagd/prestressed construction finds widespread use for exposed long span structures such
as stadiums, parking structures, and highway bridges. In recent years, the technique has found
increasing use for a wide variety of architecture, including hotels, schagl medical, governmental
and office buildings [31].

3.2. Precast Concrete Sustainability Advantages

Precast concrete has several aspects that make it attractive as a sustainable building material
[32], including those that directly address Leadership in Energgnd Environmental Design (LEEB)
Environmental Quality Credits R2]. These aspects pertain to its production, construction and in
service qualities [33]:

(1) Less material The greater spanto-depth ratio possible for prestressed members leads to
more slender precast members, and thus significant material savings (cement, gravel, sand) and
less water use in precast construction. The lighter members lead to a lower total structure dead
weight, translating into smaller foundations. These material savings all treslate directly to less use
of natural resources, and less embodied energy and emissions associated with mining, processing,
and transporting of raw material, and manufacturing and transporting of finished product.

(2) Less waste Raw materials, including waer, are used more efficiently than normal
construction because of precise mixture proportions and tighter achievable tolerances. Precast
concrete generates low amounts of (low toxicity) waste (about 2% of concrete at a precast plant is
waste of which nearly 95% can be recaptured to produce new panels [32]).

(3) Efficient Production: Precast concrete is made in a factory with much more efficient use of
energy than insitu construction, leading to less energy used to build precast. Most U.S. precast
plants are within 300 km of a building site with raw materials obtained or extracted from sources
within 300 km of the plant. The primary raw materials used to make cement and concrete are
abundant all over the world. Precast concrete elements are usually shipped eféintly because of
their large, repetitive sizes and the ability to preplan shipments during the normal course of a
project [33].

(4) Ease of Recycling:Waste materials are more likely to be recycled in plant concrete
production. For example, gray water is offin recycled into future mixes; about 5% to 20% of
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aggregate in precast concrete can be made of recycled concrete [33]; sand and acids for finishing
surfaces are reused; and steel forms and other materials are reused.

(5) Durability : The controlled environmentand lower water-cement ratio (0.36-0.38) possible
at the precast plant produces higher quality concrete, which leads to a hightjurable, longer
lasting structure. The prestressing of units prevents or reloses cracks making the structure
resistant to rain penetration and repeated freeze¢haw cycles, thereby mitigating reinforcement
corrosion issues. Reinforcement is placed with higher quality control in the plant than isitu
construction, greatly reducing the likelihood of inadequate cover, a common reas for surface
deterioration. The longer service life for precast structures means fewer resources required for
maintenance, repair and replacement.

(6) Clean Construction Precast construction is cleaner with less noise, dust and particulates
created at thejobsite as the major task is unloading precast units from the truck, ideal for urban
areas with neighbors in close proximity to the site. Little waste or debris is created at the
construction site (e.g. no formwork) [33]. Fewer trucks and less time are redgred because the
concrete is made off site, particularly beneficial in urban areas where minimal traffic disruption is
critical. Precast units are large components, so greater portions of the building are completed with
each activity.

(7) Low Endof-Service Life Impactsy 0 OAAAOO AT 1T AOAGAI TAAMGOOADADARAA
disassembled rather than demolished avoiding dust pollution, noise, debris and potentially
dangerous demolition stages. Units from demolished structures can be reused in other application
e.g.to protect shorelines [32]. A precast concrete shell can be left in place when the building
interior is renovated.

(8) Down-cycleables 0 OAAAOO AT 1 AOAOAI EA6ORAAREI BEDAT Kk AOAOE
and reused) with a minimum amount of energ. Examples include using crushed precast concrete
units as aggregate in new concrete or as base materials for roads, sidewalks and tiles (See Fig. 4).

Figure 4: Precast Dowaeycling: (a) Decks; (b) Pavers; (c) Planters [32].

Table 1 shows a compasgon between typical precast and casih-place floors [34]. Note these
benefits must be interpreted in conjunction with the material advances occurring in the wider
concrete industry described in Sec. 2.3

99



TABLEL: EMBODIEDENERGYCOMPARISON34].

Energy shown per m 2 of floor Hollowcore Castin-situ
Concrete (kg) 263.7 423.0
Reinforcement (kg) 3.2 6.1
Total mass (kg) 266.9 429.1
Eutrophication (kg P0s3 eq.) 0.0356 0.0410
Exhaustion (x 1012) 0.0468 0.0707
Ecotoxicity (x 103 m3) 2.78 5.81
Greenhouse effect (kg C®eq.) 55.2 53.4
Acidification (kg SQ eq.) 0.252 0.306
Summer smog (kg €Ha eq.) 0.0297 0.0460
Human toxicity (kg) 0.318 0.411
Use of primary energy (MJ) 461 643
Solid waste (kg) 36.3 58.8

3.3. Advantages of Total Precast

Using aO 0T OAl DPOAAAOGO Oii1 OO0EIiToh OEAO EO A AOQEI AET
further advantages for sustainability. In this case, the structural precast members (columns, beams,
and floor units) are supplemented by architectural precast elementgwall panels, cladding).
Architectural precast has many attractive qualities [35] including thermal efficiency, excellent
acoustic properties and can bébuilt integrally with structural members (See Fig. 5a) tointegrate
and optimize insulation levels, ghzing, shading, thermal mass, air leakage control, surface color and
OA@O00A8 )1 DPAOOEAOI AOh POAAAOGO Ai T AOAOGA AAT AA
efficiency in which a layer of insulation is sandwiched between the two wythes of the corete
panel, (See Fig. 5b, c).

(1) Integrated Design Precast units can be left exposed with natural finishes of a wide range of
profile, texture, and color options that require no additional treatment to achieve function and
aesthetics.Polished concrete floes do not require carpeting; exposed concrete walls or ceilings do
not require finish materials.This reduces the need for production, installation, and maintenance of
finish materials, and eliminates products that could otherwise degrade indoor air qualitye.g.
volatile organic compounds (VOCS) in interior finishings that can release gases or combine with
other chemicals in the air to form groundlevel ozone. Concrete itself contains low to negligible
VOCs, both in lower concentrations and emission rate83].

(2) Specified Exterior Finish Precast exterior panels can be produced to provide reflective
white surfaces to minimize urban heat island effects, and can Iself-cleaning or change color 35].
0OAAAOO AT 1T AOAOABO AT 1 OOT lidnkficoldd fori ak GaAel fof d projgdt 1 T x O A
using pigments that will not fade due to sunlight [33]. Many urban areas are-2 °C warmer than
surrounding areas due to the heat island effect and are warming [37]. This has an impact on air
quality as temperature is a major contributor to smog. A key measure is albedos, the amount of
solar radiation reflected from a surface, measured from nonto fully reflective (0-1.0) [38].
Materials with higher albedos will reduce the heat island effect, thereby saving energgnd
improving air quality [33]. Traditional Portland cement concrete has an albedo near 0.4, but raw
material ratios can be adjusted to create whitd?ortland cement with an albedo of 0.70.8, and the
surface emittance (ability to let go of absorbed heat3B]) of most concrete surfaces is in the range
of 0.85-0.95.

(3) Efficient Building Envelope Precast panels provide good fire resistance, significantly reduce
sound penetration and are impervious to rot, termite and vermin. Properly sealed precast panels
(typically large with minimal joints) have low air infiltration and are resistant to wind-driven rain,
and in conjunction with continuous, edgeto-edge insulation between precast concrete layers
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prevents moisture intrusion in hot and humid climates [32]. Exteior precast sandwich panels
directly integrate optimal insulation that can save up to 25% on heating and cooling costs [33]. The
thermal mass associated with concrete walls can significantly reduce energy demands by storing
heat and delay the time it taks for a suface to heat up or cool off [22 This thermal lag moderates
daily temperature to reduce peak heating and cooling energy loads, or shift major energy usage to
off-peak times (See Fig. 5d). NigkHtme ventilation can cool thermal mass warmed dumg the day
[33]. Combined with insulated wall panels, the precast unit can produce high R factors and lower
energy needs. These attributes can help earn LEEDOptimize Energy Performance credits [2]
and translate into lower first costs for mechanical egijppment due to smaller capacity requirements.
Autoclavedaeratedconcrete (AAC) is a highlythermally insulating concrete-based material
used in precast panels. The better thermal efficiency of AAC makes it suitable for use in areas with
extreme temperature as it eliminates need for separate materials for construction and insulation
leading to faster construction and savings. Installation is quick and easy because the material can
berouted, sanded, or cut to size on site using standard carbon steel powerots. Due to its lower
density, buildings constructed using AAC require smaller structural members and foundations.
Improved thermal efficiency lowers heating and cooling loads in buildings; theporous AAC
structure provides good fire resistance. The AAQdustry is growing in Asia due to strong demand
in housing and commercial space, with China, Central Asia, India, and the MidBlkest the biggest
markets for AAC manufacturing and consumption [39].

(d)

© THERMOMASS® Buiding @ Conventional Insulated Buiding

3
i Tugai
“;« 3

Figure 5: Precast Panels: (a) Integral Cladding [3@andwich (b) Panel and (c) Insulation; (d) Heat Lag [42].

3.4. Future/Ongoing Precast Concrete Industry Initiatives for Sustainability

Recognizing that a 2% increase in construction costs will result in a savings of 10 times the
initial investment in operating costs for utilities (energy, water, waste) in the first 20 years of a
AOGEI AET C60 T EZA r1imyh OEA O0OAAAOOTOOAOOa©OOAA
sustainability initiatives including [32]: Tying member certification to meeting federal, state and
local green ordinances; Increased use of local aggregate resources in mixtures; Water reclamation;
Use of admixtures such as hardening accelerators to eliminate applied heat in curing; Wider use of
self-consolidating concrete (SCC) for quickeplacement, no vibration, and less surface defects; Use
of environmentally-friendly thin brick laminates in place of conventional brick; Carborfiber
reinforcement that allows lighter, larger concrete sections with less embedded energy and no
corrosion; Increased use of SCMs to reduce cement consumption (given the easier accommodation
of the increased curing time associated with SCMs in a precast plant than on the jobsite [28]);
Enclosed sandblasting facilities with 100% processvaste and dust control; Stadardizing wood
form parts for multiple (~40) reuses [32]; converting discarded forms into mulch or fuel; and,
Recycling scrap steel and reinforcement. Note both the ACC and AAC techniques are more easily
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and awards precast projects that exhibit excellence in sustainability (See Fig. 6).

Figure 6: Award Winning Green Precast Projects [32].

3.5. Sustainable Precast Construction Case Study: China

As an example oftie potential for the use of precast concrete in the developing world, consider
recent developments in China. The modern precast industry in China was essentially nonexistent
due to earlier poor seismic performance (See Sec. 4.1). However, the significani OAAOA ET #EE]
cement production in the 2%t century [41] (See Table 2) has led to a renewed interest in precast
concrete. Starting around 2007, Chinese engineers, academia, contractors and developers began
taking measures including inviting U.S. repreentatives to share knowledge on precast concrete in
the form of presentations and discussions [42]. At the time, there was no widespread use of precast
concrete other than bridges (a notable exception is the Dalian Xiwang Tower, a-4try office
tower employing precast/prestressed concrete beams, slab and fagade cladding system,
constructed in record time in 1999, ~2 floors/week [43]). The resulting increased awareness of
technical advances in precast technology over the past 30 years, in particular seismesistant
construction, has led to a rebirth in the Chinese precast industry with the potential for economic
savings and lessening the environmental impact of the massive China construction boom.

102



TABLE2: GLOBALOCEMENTPRODUCTION41].
Main Waorld Prodiicers - The G-20 Groun

Country Cement Production (Million Tonnes)
200012005]2006]2007f2008]200912010
China 597.0 |1068.8|1236.8] 1361.2|1388.4] 1650.0]186 8.0
India 102.5] 142.7] 159.0 | 170.5] 183.3| 186.9] 210.0
European Union | 229.9]| 248.0| 264.8] 2710 | 2517 | 2015]| 190.4
USA 878 | 99.3 ] 98.2 | 955 | 86.3 | 63.9 | 65.5
Turkey 36.0 | 42.8 | 474 | 49.3 514 54.0 | 62.7
Brazil 39.8 | 38.7| 414 459 516 514 58.9
Japan 83.3| 68.7] 699 | 678 | 63.0 | 54.9 517
Russian Federatiqn32.4 | 48.7 | 54.7 | 59.9 | 53,5 | 443 | 50.4
Korea, Rep. of 513 472 | 49.2 | 52.2 517 50.1 | 47.2
Saudia Arabia 18.2 26.1] 27.0| 30.3 | 374 | 378 | 410
Mexico 323 ] 36.0 ] 38.8 | 39.5] 38.3 37.1| 38.9
Indonesia 278 | 33.9 ] 33.0| 350 | 38.5| 36.9 | 37.8
ltaly 389 | 464 | 478 | 474 | 43.0 | 36.3 -
Germany 35.4 312 | 329 | 32.3 | 32.5| 30.0 -
France 19.2 | 209 | 22.0| 22.1| 212 18.3 -
Canada 12.8 135 | 14.3 15.1 13.7 11.0 12.4
South Africa 8.2 2.1 13.1 13.7 | 13.4 12.0 12.0
Argentina 6.1 7.6 8.9 9.6 9.7 9.4 10.4
Australia 7.5 9.1 9.2 9.6 9.7 8.7 9.3
United Kingdom .5 116 0.1 .6 10.5 7.8 -

Within the last half-decade more than 50 new precast manufacturing factories have been built,
including joint ventures with established European companies to establish a large mainland precast
technology presence [44]. Builders, including the largest developer in Chinhave started actively
promoting precast concrete for use in their projects, introducing technology from the Japanese
precast industry and physical testing of ~$500M USD [45]. Several major precast concrete housing
projects have been constructed (See Fi@) [45]. An additional driving factor is the cost of labor in
China, which has increased dramatically over the past 5 years and will continue to increase. The
labor cost per cubic meter of precast concrete is less than that of castditu concrete constuction
because of the efficient labor use in precast concrete [42].

gL

Figure 7: China Precast Projects [45].

On the basis of these developments, the Chifdinistry of Construction instructed the China
Institute of Building Standard Design and Researciind Academy of Building Researcko develop a
new precast code for all of China [42]. The precast concrete structuréschnical specifications [46]
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are to become effective October 2014 with design aids being developed to accompany the code. In
parallel, energy codes [47] are being enacted that mandate staged energy savings over time that
enforce insulation requirements, and thus should further promote the use of precast concrete, in
particular the insulated precast wall panels that are becoming popular to med¢hese requirements
[42].

4. EARTHQUAKERESISTANTDESIGN
4.1. Past Seismic Performance of Precast Concrete

Precast concrete construction has been shown to be one of the most efficient, durable and
economical construction technigues. However, its widespread use sidbeen hampered by its past
performance in earthquakes.Fig. 8 shows several significant failures of precast structures in the
past including: (a) collapse of a precast parking structure in the 2010 Baha Mexico earthquake [48];
(b) collapse of a precast peking structure in the 1994 Northridge earthquake [49]; (c) collapse of
industrial buildings in the 2012 Emilio-Romagna earthquake [50]; and (d) oubf-plane failure of
precast wall panels in the 2010 Chile earthquake [51]. Other than the first, where thmiilding was
under construction [48], the vulnerability of these structures is related to inadequate consideration
of the panelized nature of precast structure and the needed characteristics of the connections
details that unite them.As an example, consier precast construction in 1970s China.

Fig. 9a showsa typical apartment building under construction: precast exterior walls, precast
floors, castin-place concrete interior shear walls, and brick partitions [52]. Many of these muki
family residential SOOAOOOAOG xAOA ADBEI &6 OOEI ¢ A 02000EAT 6 OL
bearing panels [53] with few and brittle connections between precast unitsin the M7.8 Great
Tangshan Earthquakeof July 28, 1976, approximately 85% of buildings in the region dapsed (See
Fig. 9b) leading to approximately onehalf million fatalities [52].

Figure 8: Precast concrete failures in past earthquakes.
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Figure 9: 1970s China: (a) Precast construction; (b) earthquake damage [52].
4.2. Intent of the Seismic Design Codwsd Guidelines

)yO EO OUDPEAAIT U O1 AAOOGOIT A OEAO EO-CD®DANICOEDOAA
earthquake. Thus, modern seismic codes have adopted the approach of designing building
structures for strengths significantly lower than thoserequired for elastic response to the design
earthquake, but requiring special detailing of the structure so that after it reaches its strength,
AAOOAET EAU OA1I AAOGAA OACEIT T O xEI1l OAOOA AOG 006060C¢
without fracturing or losing strength, thereby dissipating the energy of the earthquake. Typically,

OOET ¢ OEA AT TAADPO T £ OAAPAAEOU AAOGEcCci oh T OEAO PI O
stronger than the fuses to keep them elastic, and thus not reqirig expensive special detailing. The

measures, in conjunction with rules to avoid configurations that would be susceptible to a global

collapse mechanism, form the basis of the code intent.

Existing building structures can be broadly divided into thosethat are properly configured,
proportioned, designed and detailed for good seismic performance and those that are not. The
iTAAOT AAOOENOAEA AT CET AAOET ¢ AT AA xAO 110 AOOAAI
have been learned in decades since. &lbuilt infrastructure may have service lives of 50100 years,
thus many existing older structures predate the modern seismic codes and thus do not conform to
the best practices. Further, recent improved understanding of the geological seismic hazard
world wide has led to a reevaluation of the seismic risk for certain urban environments where strict
seismic detailing has not been historically required. Buildings that do not conform to accepted
ORAEOI EA 0OO0I AO-ADGKOEDOAOGBAA T OOl rds eeBEA 4. 1padhdlicdt@idon AAET O
ductile details or components (e.g. floor systems).

However, it is important to note that depending on the level of detailing and energy dissipation
provided, a conforming structure may be designed for forces to nearly lttimes lower than would
be required for elastic response. Thus a properly designed and detailed structure is intended to
incur damage to itself in the design earthquake (the energy is dissipated by yielding of the structure
itself). This damage, while not éading to failure, may require repair or replacement; or may
produce a structure that is not adequate for an aftershock or future earthquakes. The nonstructural
elements (cladding, partitions, windows, etc.) have to undergo compatible displacements witheth
structure and can also incur damage. Likewise the structure may not return to its original position,
instead possessing residual drifts that may incur inoperability of elevators, doors or lead to
penetrations in insulation or waterproof seals.

In recentyears, the concept of performance based earthquake engineering (PBEE) has emerged.

In this approach, an engineered asset is designed not just for adequate strength, but also to respond
to the diverse needs of owner and users under common and extreme loafg!]. In parallel with
advancements in PBEE, there is a recognition that minimizing or eliminating damage is an
important performance requirement for seismic resilient urban communities due to an ongoing
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debate on the societal expectations of building pésrmance in rare but devastating earthquakes
[55].

5. TwoO DESIGNPHILOSOPHIES EMULATIVES VSJOINTED PRECASTCONCRETESYSTEMS

The concept of accumulating vs. avoiding damage can be clearly illustrated in the two seismic
design philosophies applied to precasconcrete construction, seA A1 1 AA OAl 01 AGEOA®G
systems. These design approaches prevent the poor detailing or construction issues that led to
precast failures in previous earthquakes. Though in use in many countries, New Zealand
construction practice will be highlighted since its performance was tested recently.

5.1. Emulative Precast Concrete Systems

The concept of emulative precast construction is to proportion the precast concrete structure to
possess strong joints (relative to the elements),hiereby forcing the inelastic response to the
earthquake within the precast elements themselves, and to provide these precast elements with the
special detailing associated with traditional seismic design of (cash-place) reinforced concrete
(RC). Precastemulative systems are expected to perform similarly to properly designed
i OAT 1T A&l Ol-ik-plage dgnstAidtieh@nder earthquake shaking [56], or even better since the
special detailing involves accurate placement of the steel reinforcement, which igtter suited to
the precast plant than the jobsite (Refer to Sect 3.2). In a properly detailed RC moment frame, for
instance, nonrductile actions such as shear failure are precluded and the capacity design approach
requires a strongcolumn/weak-beam designthat protects against a concentration of lateral
deformation termed a story mechanism. For emulative designs, the precast units are provided with:
(1) ductile beam end region detailing; (2) sufficient transverse reinforcement to preclude shear
failures and provide adequate confinement in plastic hinge zones; (3) proper detailing in joints to
avoid anchorage, bond, or splice failures; and, (4) overstrength in the column and joint to keep
these regions elastic. In New Zealand, most emulative precast momemnarhes systems employ
small castin place closure pours in splice regions located between the precast units [57]. The
closure pour can occur at beam migpan (See Fig. 10) where the precast unit is erected by passing
column longitudinal reinforcing through ducts. These closure joints are typically completed with
pouring of the floor topping slab, including beam top reinforcing steel and diaphragm anchorage.

Cast-in-place.. ___ Corrugated
concrete \i ¥ steel duct
1§ '} i i 1 1 ELEEEREL .t ': ‘;l D B = o s 1 l L i | ‘
Ll ]
% oy
I
Precast beam  _.-~ | Grouted
" - )
unit through ~.. Cast-in-place or
—N precast column

Figure 10: Emulative precast concrete system (NZ) [62].
5.2. Jointed Precast Concrete Systems
A more recent precast construction practice is jointed ductile construction, in which nonlinear

deformation occurs not in distributed plastic hinge regions within precast units, but instead in
specially detailed joints between precast units. The precast units are madstronger than the
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developed among jointed systems are PRESSS moment frames and coupled rocking walls [59] [60]
(See Fig. 11). Both systems use unbonded pdsnsioning through precast elements to achieve self
centering behavior. The structural elements are maintained in the elastic range, and energy
dissipation can be provided by internally grouted mild steel or replaceable external dissipators.
Because of theself-centering behavior and the use of reversible joint opening (rather than the
cracking and yielding of plastic hinges), such systems are referred to as lkmlmmage or damage
control systems. The systems can be considered to provide cafficient alternatives to seismic
design options of basesolation and supplemental damping devices.

“Controlled-Rocking” Frames Controlled Rocking Walls

Non-prestressed (-] ) )
(mild) steel Fiber reinforced
grout pad

| TUnbonded
post-tensioned
= ——| tendons
= z I

Energy
e 10 lDiss_ipa‘[ion
Devices

|

Unbonded post-tensioned
tendons

Courtesy of Ms. S. Nakaki

Figure 11: Jointed Precast Systems: (a) Hybrid Frame; (b) Hybrid Wall [59].

These systems have begun to be built in the U.S. and elsewhere, including a recent CEED
Siver design [36] (See Fig. 12), which took full advantage of the thermal mass of the concrete
exposing it to the interior as well as the exterior to maximize its benefits.4 EA AAOECI
mechanical engineer estimated that the energy savings from usinge thermal mass of concrete
was approximately 15% [36].

e >
.. - T o - o -
- S e ! i ¥

Figure 12: Recently Constructed Hybrid Precast Frame [36].
6. CASESTUDY: PRECASTCONCRETHEHPERFORMANCE IN TH2011 NEW ZEALANDEARTHQUAKE

6.1. The 2011 New Zealand Earthquake

The 2011 Christchurch earthqake was roughly equivalent to the maximum considered
earthquake for Los Angeles, for a region with a design seismicity roughly equivalent to Portland
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[61]. Several reinforced concrete buildings collapsed or were damaged beyond repair, leading to
nearly 200 fatalities. The strict seismic code and the well measured earthquake permitted a unique
opportunity to evaluation building performance under strong ground shaking.

6.2. Performance of Emulative Systems

Figure 13a shows a 2&story Christchurch office tower buit in 1988 using the system shown in
Fig. 10. Note the Fig. 13a photo is pesiarthquake. The moment frame possessed specialiietailed
interior and corner precast beam units installed on casin-place columns. Fig. 13b shows al1988
photo of one of the preast corner units being erected. Fig. 13c shows the typical damage endured
by one of those units, indicating the ductile damage expected of a specially detail RC frame and little
damage in the column, indicating that the emulative design met its intended bavior [62].
Nevertheless, the damage incurred by this frame, which protected the building, led to the tower
being torn down (See Fig. 13d). Note that this demolition was performed using piece

OAAAT T OOOBOAOEI T 6 AO AAOAOEAAA Ei 3AA8 o08c¢s8

Figure 13: Preast Emulative Tower [62]: (a) Exterior; (b) Construction;
(c) Typ. Seismic Damage; (d) Demoalition.

6.3. Performance of Jointed Precast Systems

Contrast the above performance of a jointed precast structure, also located in the region of
strong shaking. Fig. 14ashows the structure, a 3story medical office building, again shown after
the earthquake. The structure employed hybrid frames (i.e. Fig. 11a) in one direction and hybrid
rocking walls (Fig. 11b) in the other [63]. Fig. 14b shows the extent of the damageurred in this
structure, which was limited to some drywall rubbing on the staircase. Fig. 14c shows the precast
hybrid moment frame, indicating no damage and a reentered structure [62]. Fig. 14d shows the
post-earthquake state of the buildings, indicing an immediate operational state, as needed in a
critical care facility.
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Figure 14: Precast Hybrid Structure [62]: (a) Exterior; (b) Seismic Damage; (c) Frame; (d)-PQsOperational.
6.4. Discussion of Performance

The emulative structure performed exatly as intended under an earthquake significantly
stronger than its design earthquake. The design placed joints in the precast structure at noritical
locations and detailed the precast unit to safely dissipate the energy of the earthquake without
structural distress. But the damage incurred to the structure was deemed unacceptable for repair
and the structure was demolished. This indicates a difference in the expectation of the design
professional/code and that of the general public [62]. Contrast thisvith the performance of the
hybrid structure which survived the earthquake essentially damage free and immediately
operational. This difference points out the benefits of using such lowamage structures for
resilient communities.

7. CONCLUSIONS

Precast concete construction possesses inherent characteristics that may be competitive in
modern construction where an increased emphasis is placed on sustainability and earthquake
resilience. The high quality control of precast concrete and the prestressing of prestaconcrete
leads to less material required and hence less embodied energy; the piece erection leads to cleaner,
quieter construction sites; and the insulation and architectural finish can be integrated directly into
the precast unit, increasing energy eiffiency and consolidating construction operations. The
seismic performance of precast concrete, historically a liability due to neductile details acting at
critical joints, can actually outperform other construction forms in the modern world where
damage accumulation is less tolerated by taking advantage of the jointed nature to eliminate
structure damage and the use of unbonded pogensioning to provide a recentered structure after
the earthquake. The safe, effective and efficient use of precast cogter involves an investment in
technology, infrastructure and transfer of knowledge from those countries with extensive
experience, but in the longer term has the potential for economic savings, less adverse
environmental impact, and improved urban resilierce.
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Abstract

It is estimated that the construction industry uses up to 25% of total raw materials and
produces nore than 30% of total solid wastes, even in the most developed countries. High amounts
of material usage and wastage exerts several detrimental effects on economy, environment, and
society. The optimization of construction material usage not only saves deshut also significantly
contributes towards Sustainable Development. During recent years, growing concerns about the
sustainability of construction activities has brought the issue of Construction Waste Management
(CWM) to the fore. Although several stuegs around the globe have addressed concepts and
practices of CWM, the lack of comprehensive, practical frameworks to help project managers
implement those principles in construction projects, especially in developing countries where
traditional construction methods are common, is still palpable. Construction Waste can be
addressed in two different ways: first waste minimization, and second waste management during
the project total life cycle, from initiation to demolition. The aim of the first phase of tlsi research
program was to identify the sources of waste throughout the supply chain of construction projects.
In the second phase, several comprehensive studies were conducted in order to find effective ways
for CWM during construction, renovation and/or demolition phases of the projects. Current
research efforts are focused on the evaluation of project organization factors such as contract type
on the amount of waste generated in construction projects as well as the development of
appropriate guidelines that promote waste management throughout the project lifecycle.

Keywords: Construction Waste Management (CWM), Sustainable Development (SD), Constructability,
Construction and Demolition Waste, Construction Productivity

1. INTRODUCTION

The construction industry plays a major role in enhancing the competitiveness and prosperity
of the economy. The design, construction, operation and utilization of the built environment have
important economical and sustainability effects. Modern and efficient built environment is key
driver of productivity and growth in every economy. Therefore, the construction industry should
focus on delivering the built environment in an effective and innovative fashion in order to
maintain its share in the economy while coping with the gloal sustainability rules and regulations.

The construction industry has significant impact on the environment during execution of every

PEAOCA 1T &£/ A POI EAAOGSO 1T EAA AUAI A8 ) O AT 1001 A0 ATI

113



produces considerable wate during construction, renovation and/or demolition phases of projects.
Studies estimate that the construction industry consumes around a quarter of all raw materials
used in the economy. It also produces up to one third of total landfill wastes with aZlratio of
construction to demolition waste [1-3]. Only a fraction of the produced waste is currently recycled
or reclaimed.

By enhancing its efficiency in using resources, the construction industry can play a central role
in the global drive to promote sistainable growth and development. Sustainable Development is
ARZEET AA AO O-AAOGET ¢ OEA TAAAO 1T &£ OEA DOAOAT Oh
CAT AOAOCET 1 006 rf1Y8 #11 OOOOAOETT ETAOOOOUR AU EOO
sustainade development. However, policy makers and practitioners tend to forget the other two
dimensions of sustainable developmenenvironmental and social developmeniduring planning
and implementation of construction projects [5]. In developed countries, standds, guidelines, and
regulations have been designed to address the issue of Construction Waste Management (CWM).
However, despite consequence and adverse impacts that excessive production of Construction and
Demolition Waste imposes on sustainable developemt, little care has been given to the
implementation of CWM practices in undeveloped and even developing countries. As a result, the
construction industry has not made satisfactory progress towards achieving sustainability. For
instance, the ultimate proddAO 1T £ Ol AAUBO Ai 1 OOOOAOQEIT ETAOOOOU
and constructed without any consideration for dismantling and reuse at the end of its life cycle [6].

Whilst there are several articles, instructions, and manuals addressing the issukamnstruction
waste, waste management programs in Iran are not integrated effectively in most of the
construction projects. This is partly because current policies, procedures and methods do not
address the issue holistically. They do not take into consédation all aspects of a project, i.e. all its
phases, work resources, and activities. Lack of practical frameworks to help project managers to
implement the concepts and practices of CWM in projects is a gap that has to be closed through
research and deveopment. Therefore, more holistic studies are needed to address the concepts and
principals of CWM. This paper provides an overview of the research endeavors aimed at enhancing
the state of knowledge and practice in devising and implementing appropriate veée minimization
and management practices in the construction industry. In this context, management of waste is
defined as eliminating waste to the maximum possible extent by minimizing waste where feasible,
and reusing materials that might otherwise becora wasted. Solid waste management practices
have identified the reduction, recycling, and reuse of wastes as essential for sustainable
management of resources. Studies conducted at Sharif University of Technology (SUT) during the
last several years includebut are not limited to, the following topics:

2. CONSTRUCTIONNVASTEMANAGEMENT ANAPPROACH TAMPROVECONSTRUCTIONPRODUCTIVITY

The objective of this study [7] was to enhance the understanding about CWM practices and
improve construction productivity as well as promote sustainable development. Through a
comprehensive literature review, concepts such as project productivity, Sustainable Development,
whole life cycle paradigm, and hierarchy were analyzed. The review of literature showed that the
amount of constuction waste, even in most developed countries, is high. Nevertheless, it was found
out that in the developed world, significant efforts have been dedicated to the development of
appropriate policies and regulations as well as manuals and instruction onhé¢ CWM topic.
Following the review of literature, a frame of reference to shift the current paradigm in industry to
OAT 1 OOOHBAO xEOE 1 ETEIOI xAOOAG xAO AAOAI T PAA8 4E
considerations through whole project life cycle, e., from feasibility studies to the startup and
operation of finally-built structure.

The CWM Paradigm is the frame of reference by which project decision makers would
effectively contribute to decreasing the amount of waste generated through constructioactivities,
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This summary table presents a mapping of CWM areas of concentration and proposed strategies to

the project life cycle phases. A concentrationrea is a topic/issue that is of special importance when
considering CWM, while proposed strategies, methods, tools, and techniques refer to special
practical recommendations with regard to each concentration area.

AOE

TABLELl: MAPPING OICWMCONSIDERATIONSND STRATEGIES TO ®FECT LIFE CYCLE PSES

Project Phases Construction Areas Proposed Strategies, Methods, Tools and Techniques

Cost CostBenefit Analysis, Value Engineering
Life-Cycle Costing
Recycled materials market analys

Feasibility Studies Time Deconstruction _parallel to design/engineering
Proper Scheduling
71 OE OI AOOGAOR 1106 O1 1T xAO j AOTE
Quality Assess and estimate the quality of recycled materials
Assess and estimate the quality of final pructs (structures)
Design/Engineering Adoption of modern design systems e.g. modular design
philosophy Use of standard, simple shapes and sizes
Constructability analysis of ~ Design construction integration
design Provide accurate, understandable, reliable blueprints
Design change and Avoid frequent change
modifications Select change options with minimum demolition and rework
Design and Material construction Use prefabricated members
Engineering Use recycled materials
Estimating materials Provide accurate destination of amount of material delivery
requirements Provide accurate destination of time of material delivery
Jobsite layout Allocate adequate, appropriate space to CWM equipment

Allocate adequate, appropriate spee to collecting bins
Allocate adequate, appropriate space to inventory
Provide easyaccess routes between inventory and workshop

Materials and source Use durable materials

selection Use local resources

Supplier selection and Stipulate take-back policies

management Require reduction of packaging materials

#1711 OOAAOI 08 O Represent waste reduction requirements in the contract
management Require the contractor to submit a CWM Plan

Require the contractor todocument their waste reduction =~
yT AT ObT OAOA OEA #7- bl AT EIT OI
Equipment and machinery Consider waste characteristics

Procurement selection Consider market specifications
Consider jobsite space and layout
Ordering management Order in coordination with design/engineering unit
Deliver just-in-time
Inventory management Allocate appropriate space and position to inventory
Provide proper sheltering against weather and human factors
Provide easyaccess routes to inventory
Transportation and Hire experienced and reliable haulers
on-site handling Maintain proper on-site supervision
Construction and demolition  Prefabrication
methods Deconstruction
Improve efficiency of current methods
Construction/ Mistakes, errors and rework Provide clear, reliable blueprints
Execution Maintain proper on-site supervision

Use advanced, reliable technologies
Perform periodic service and repair equipment
Keep jobsite organized and safe
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Jobsite activities Plan Construction waste management plan
Construction waste management site activities plan
Jobsite supervision Troubleshooting and onsite training/education
Change requests
Prepare periodic performance reports
Training and education Arrange andmanage training sessions
Provide and distribute easyto-understand instructions
Design and set jobsite instructive signs and marks

Quality control Quiality control/assurance over recycled materials
Quality control/assurance over final products(gructures)
Start-up Jobsite final cleanrup Collect unused materials after construction
Operation/Utilization Renovation and repair Deconstruction and careful dismantling

Reuse and recycle used materials

It is recommended that constructors apply thiSrame of reference to optimize material usage. It
should be noted that the implementation of this frame of reference requires no additional planning
and/or resources. In addition to the introduction of the paradigm, a model based on the common
lexicon provided by Project Management Body of Knowledge (PMBOK) was developed. This model
is intended to serve as a standard for project managers to implement CWM program in construction
projects. In the process of developing this model, first the feasibility of adty construction waste
management concepts to Environmental Management knowledge area was examined. However, the
scope of necessary changes as well as the importance and universality of CWM principles required
that the principles of CWM would be treated asa separate knowledge area of construction
extension. Ultimately, on the account of their previous studies and experience, authors suggest that
this knowledge area be added to future release of construction extension to PMBOK Guide, in order
to guide to mantain its inclusivity.

Construction Waste Management knowledge area includes the process required to ensure that
construction projects are executed with appropriate care to reduce the waste materials headed to
landfills. The proposed model recognizes sen processes in CWM Knowledge Area: Waste
Identification and Analysis, Waste Management Planning, Resource Planning, Training and
Educational Programs, Waste Management Plan Execution, Waste Management program Control,
and Waste Management Program Adminigation and Records. In Table 2, these processes are
mapped into five major process groups of initiating, planning, executing, controlling and closing.

TABLE2: MAPPING OF CONSTRUON WASTE MANAGEMENPROCESSES TO THE RRESS GROURBORMAT ADOPTED FROM
PMBOK*BYPROJECMANAGEMENTNSTITUTH.

Process
groups

Initiating Planning Executing Controlling Closing

Lwaste g L. Wast

, Management 1. Waste - vaste
Construction 1.Waste ; Programs Management

o Planning Management

Waste Identification roqram Program
Management and Analysis > R 2.Waste gor?trol Administration
- Resource Management and Records

Planning

Plan Execution

The model is specifically developed for projects where CWM is recognized as a major program
of the project portfolio similar to other programs such as the Health and Safety program. Finally, as
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part of this research, a study aimed at characterizing the status of construction waste production

and management in Tehran metropolitan area was conducted. The case stumlyd the follow-up

analysis led to the identification of a set of measures that can improve the current situation. Based

IT OEA &ZETAETCO T &£ OEEO AT Al UOEORh ET 1T OAAO O E
Industry, government should set out rulesand provide instructions on the issue; while constructors

must design structures for minimum waste, and adopt modern construction method like
prefabrication.

9 Through several case studies, factors affecting construction materials waste generation during
supply chain (mainly perishable like ReadyMix Concrete (RMC) and/or HotMix Asphalt (HMA)
at the construction site were carefully investigated and ranked. The 10 most important ones
were found to be: Wasteggenerated due to lack of modular or standard constiction

Wastes generated by NotRecyclable packaging materials

Using Low quality Building Utility Components that would require early age renovation

Wastes generated by untrained or unskilled workforce

Lack of CWM program in the project administration

Using low quality construction materials

Waste generated during transport to site or inside the site due to improper packaging

Wastes generated by cutting due to design requirements and/or misrders

Wastes due to overstocked bulk materials at the site

Wastesgenerated because of utilizing old or imprecision tools or equipment

=4 =4 =8 =4 -8 -8 -8 -8 A
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EFFECT OFCONSTRUCTABILITYSTUDIES ONCONSTRUCTIONNVASTEMANAGEMENT

During the construction of highrise buildings, project teamissues mayarise, such as changes,
additional costs ofduplication, lack of technical specifications in plans, safety, and delays. One of the
most effective ways to avoid these issues is constructability evaluation at the appropriate stages of
project. There are several definitions for Constructability. Forristance, it has been defined as the
optimal use of knowledge and practical experience in planning, design and procurement in order to
achieve the overall goal of the project [8]. Numerous studies have investigated the impact of
conducting constructability reviews in construction projects. A study conducted by the
Construction Industry Institute [9] showed that implementation of constructability reviews in five
different projects has reduced the project duration by 11 to 30 percent. In addition, analysis data
from several projects has shown that by using constructability, time is reduced without resulting in
any significant costs increase [10].

The objective of this study [11] was to examine the effectiveness of constructability and
productivity reviews in high-rise building projects. Interviews with experts and questionnaires
were used as the main tools to gain insight about this matter. The study first investigated the
opportunity to implement constructability reviews in the design phase of higkrise building
projects. In the design phase, the constructability review should focus on the following areas:

Evaluating project site and environment in terms of architectural textures

Designing to minimize the work on levels below the surface

Designing to simplify installation

Encouraging standardization and increasing repetitive activities

Designing to improve prefabricated elements

Analyzing the access to project site

Utilizing modeling and simulation to avoid problems during construction

Evaluating the possble juxtaposition of different materials due to allowable tolerances
Evaluating optimization of stages and sequence of activities

= =4 =4 =4 -8 -8 -8 -8 A
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Planning to avoid problems in sequential activities

Considering the warehouse location due to the need of transferring metials at project site
Studying the design effects on plant safety

Designing to minimize repetitive traffic during construction

Designing according to available resources and skills

Considering appropriate designing materials

Providing clear details and technical specifications

Designing a general framework of construction to provide parallel work fronts
Considering the interaction of climate on construction materials and methods

E R T

Considering the eighteen areas of constructability reviews during theesign phase of higkrise
buildings, a questionnaire was prepared. The aim of this questionnaire was to assess the impact of
constructability reviews in the abovementioned areas on construction productivity in higkrise
building projects. The responses to lte questionnaire were analyzed using the average index
method. Table 3 summarizes the survey results. The survey results indicated that, if conducted
during the design phase, constructability reviews could enhance the productivity in highise
building projects. It is recommended that, prior to the initiation of a project, the project
management team develops appropriate guidelines and checklists for conducting constructability
reviews.

TABLE3: THE DEGREE ORNFLUENCE OEONSTRUCTABILITYDEAS ONPRODUCTVITY.

No. Criteria (Scc):lc;tr%f 5)
1 Considering appropriate designing materials 4.6
2 Design to simplify installation 4.5
3 Design according to available resources and skills 4.5
4 Design to quickly create a general framework of constructioto provide parallel work 4.4
fronts
5 Providing clear details and technical specifications 4.3
6 Evaluation of optimization of stages and sequence of activities 4.3
7 Evaluating project site and environment 4.2
8 Analysis of access to project site 4.2
9 The use of modeling to avoid problems during construction 4.1
10 Evaluation of the possible juxtaposition of different materials due to allowable 41
tolerances
11 Planning to avoid problems in sequential activities 4.1
12 Encourage standardizatiorand increasing repetitive activities 4.0
13 Cor)sider_ing the location of the warehouse due to the need of transferring materials 40
project site
14 Studying the design effects on plant safety 4.0
15 Design to minimize the work on levels below the stiace 4.0
16 Design to improve prefabricated 4.0
17 Considering the interaction of climate on construction materials and methods 4.0
18 Design to minimize repetitive traffic during construction 3.8

Surveys show that the two main barriers to implement arrect CWM are identified as:
9 Lack of culture for saving the resource and/or optimum use
1 Lack of defined recycling scheme in the project administration
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Experts recommended strategies should be developed in order to:

1 Perform Constructability Analysis at esign stage

9 Use Industrial Construction and build quality to last longer

1 Reuse or Recycle when demolishing

4. COMPARATIVESTUDY OFGPSINTEGRATEDCONCRETESUPPLY MANAGEMENTUSINGDISCRETE EVENT
SMULATION

The Justin-Time (JIT) delivery of critical resources needed in projects located in congested
urban areas creates a unique challenge to project managers. Results of an analysis based on
Analytical Hierarchy Process (AHP) confirmed the common understanding that traffic conditions,
and waiting times in the urdoading queue, are the most critical factoraffecting both productivity
and production of activities such as concrete placement. In order to study this interesting problem,
a mathematical model was developed [12]. Instead of deriving explicit answers ugirmathematics
alone, discrete event simulation was used to assess the consequences of traffic restrictions on the
performance of hauling equipment. Taken together, offite queuing did not provide significant
advantages due to the lack of accurate informiain on the progress on site and the traffic on the last
haul segment. Using the smooth stream of trucks controlled by the edite queue can still be
disrupted when, upon arrival on site, no space for unloading is available, sending the truck into
021 ABETRE OAT A8

An appropriate alternative is to create a waiting area for queuing the trucks outside the
restricted area (off-site queue). The major difference between osite and offsite waiting queues is
the timing of queue entry and exit. While a full truckeaves the onsite queue immediately after the
preceding truck completed its service, a truck waiting in an oféite queue exits the queue earlier
with sufficient time left to finish the last segment of the delivery. However, the travel time between
the off-site waiting area and the construction site fluctuates according to traffic conditions, making
an accurate prediction impossible. If a truck arrives before the preceding truck has left, it has to
begin cycling around the site much like an airplane arrimg too early in the target airport. In this
AAOAh OEA OOOAE xEIl OAOOGOT O1 OEA OCAOA6 AO
empty. On the other hand, extending ofite waiting of the truck in order to assure immediate
service at site may result in idleness of the orsite resources. Both situations contribute to wasted
time despite the main function of a queue to prevent idleness of the process to be served. Discrete
event simulation is an excellent tool to study the effect of an efiite waiting queue by comparing
two scenarios: a) offsite waiting, and b) onsite zero-queue. In either case, a full truck arriving at
the construction site when the unloading space is not empty will be sent on a short, randem
duration roaming circle. This pocess is repeated until the truck finds an empty space. The concrete
AAl EOAOU DPOT AAOGO xAO OEI OI AGAA &£ 0 A AT i1 AET AOCET I
to assess the efficiency of implemented management alternatives.

Every simulation modd must be tested to ensure a sufficient representation of the real world.

For that purpose, data was collected during the construction of a multistory building located in

UAT AU | OOOOAI EA8O AAT OOAT AOQOOET AOO tdhODIPEA O | #" $
truck could be unloaded at the one time. For this reason, an dfite waiting queue 2.4 kilometer

from the site was established and the truck fleet consisted of 11 trucks.

Fig.1 provides a graphical comparison between hauling fleets withnd without off-site queues.

Two curves represent each fleet size with different regimes producing a family of curves. The first
OACEI A AAIT T AA OPAOAI I Al &quadd pakyDOabdlitelypietdrab@ o@HA OET 1
site queue. Productionrate tends to be constant because the concrete pump is operating
continuously. Oversized fleet and shorter travel times ease development of parallel condition
where zero-queue policy should be selected. Intensifying effective factors dominates parallel
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describes the unsteady section between two extreme regimes and is more common in the medium

OEUA ml AAO 2EO0BOI 6§ AADAAE OEA OxiI AOOOAO COAPEET C
trucks with or without an off-site queue are parallel with the zerequeue resulting in a higher

output of approximately 5 trucks/hour. This indicates that 50 units far exceed the balancpoint

AT A OEA bpOIi D EO OAI O6O1 AT AAEET ¢c6 OEA DPOI AGAOGET T8 |/
trucks without an off-site queue moves the production from the leftto the right side of the balance

point resulting in a large drop. Curves for 5 ath 2 trucks show the effect of migrating further left

while a fleet of 5 passes through all 3 phases and determines the threshold for using-site queue.

Of course the zerequeue policy performance is anticipated to be higher or at least the same as-off

site queue. It is interpreted as the effect of extra uncertainty by adding a waiting time to the cycle.

Simulation results confirm that an oftsite queue is an uncertain component to be included in the

process. In this case, separation from construction gtis the main source of uncertainty. Efforts

required to coordinate such a separated component with whole system reduce production rate

more than what actually achieved by regulating hauling equipment. This is the reason leading to

lower efficiency of an df-site waiting queue as fleet size increases. Since an-site queue does not

affect service time uncertainty, arriving trucks may find the server busy even after standing in the

off-site queue. However, application of statef-the-art communication technologies to coordinate

between site, offsite queue, and hauling road is essential for the effective use of the-sife queue.

It should be noted that the simulation model does not consider that the number of trucks could
AEEAAO OEA O1 1 Gdsdmption i© quieaamBraldwheh BEhE @Qumber of trucks is
comparatively small. A more extensive study would be needed if the fleet itself would contribute to

the congestion thus adding to the travel time.
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Figure I Comparison of normalized return timewith and without offsite queues.
As part of this study, the effect of using advanced communication and rdahe locating
systems to reduce this uncertainty was evaluated. It was shown that the effte waiting queue

becomes very effective in regulating dlivery logistics. The added accuracy of truck arrivals
decreased the waiting time of the concrete pump that consequently increased the productivity of
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the crew placing the concrete. GPR#tegrated off-site queue management of delivery trucks in
heavy traffic areas shows great promise to cut process wastes while elevating production rates.

5. ONGOINGRESEARCHEFFORTS

There are several ongoing research efforts focusing on CWM. An overview of these research
efforts is presented below:

a) Understanding the impactof contract type on the amount of construction waste generated in
residential projects: The objective of this study is to utilize field studies and surveys in order to
enhance the understanding about the impact of contract type on the amount of construoti
waste generated in residential projects. The study also investigates the impact of contract types
on the waste minimization and management practices that practitioners adopt in residential
projects. The early findings of this research indicate the cordict type has an apparent effect on
the amount of construction waste produced in constructiorproject. Fig.2 shows a comparison of
the amount of waste (as a percentage of the total material consumption) generated in Lump Sum
and Cost Plus projects. In théater stages of this research, the data will be statistically analyzed
to determine whether the effect of contract time on the amount of waste ®gnificant. The
results will be interpreted in an effort to identify the key factors contributing to these
differences.

b) Creating appropriate guidelines to incorporate waste minimization and management
considerations in project planning and permitting process: The preparation of a CWM Plan
should begin in the early stages of project development to facilitate effent and timely
management of the wastes that are likely to be created during the construction process. It is
essential for the parties involved in a construction project to estimate the amount waste in a
construction project and accordingly plan and contol the process of managing the generated
waste. If developed at the early stages of a project, construction waste management plans will
help project stakeholders establish goals for the management of construction waste by focusing
upon waste minimization, reuse, and recycling opportunities. This will promote sustainable
development, environmental protection and efficient use of resources. The objective of this
study is to develop guidelines on preparation and evaluation of CWM Plans in the early stages of
the permitting of construction. A model will be provided to estimate the volume of waste that is
expected to be generated during the construction period. Appropriate measures will be
introduced to develop and evaluate the plans that are designed to minimiznd/or manage the
generated waste during the construction process. The permitting agencies such as municipalities
can use the outcome this research to integrate the development of an appropriate construction
waste management plan as a critical part of thpermitting process that all construction projects
should pass.
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6. CONCLUSIONS

In this paper, an overview of the findings of a broad research program that has been
undertaken over the last several years is presented. The objective of this research program is to
identify and/or develop appropriate waste management procedures and practices that can be
implemented throughout the construction project life cycle from planning, design and construction
stage to the renovation or demolition phase.

CWM can be addressed in two different ways; first waste minimization, and second waste
management during the whole project life cycle, from initiation to demolition. The aim of thart
phase of this research program was to identify the sources of waste throughout the supply chain of
construction projects and determine appropriate waste management practices to control the
generated wastes. Several factors were carefully investigatesmhd ranked. In the second phase,
several comprehensive studies conducted in order to find effective ways for CWM during
construction, renovation and/or demolition phases of the projects. The feasibility of adding
Construction Waste Management concepts toréject Management Knowledge Area has been
examined in this research program.

This research program has been expanded over the past few years and, at present, there are
several ongoing research efforts focusing on CWM. Research is being conducted to urtdes the
impact of project organization factors such as contract type on the amount and characteristics of
waste generated in construction projects. There is another research effort focusing on creating
appropriate guidelines to incorporate waste minimizaton and management considerations in
project planning and permitting process.

It is imperative to conduct more studies on CWM. These research efforts should especially focus
on the construction industry in developing economies, where construction works Wl remain a
major economic activity. In future research projects, sophisticated modeling and simulating
techniques should be used in conjunction with surveys and case studies in order to enhance the
understanding about effective ways to approach CWM.

The main research recommendations are the followings:

T CWM Plan and its complementary supporting details should provide the roadmap for the
execution of the CWM program;
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Achievement of CWM incentive goals should be included in the project charter;
CWM programshould require workforce to work more efficiently and neatly;
Administration and closure should include documenting project results to formalize acceptance

of the ideal final result by the Project Management, governmental authorities, and organizations
approving the implement of CWM. It includes collecting program records, ensuring that they
reflect final specifications, analyzing program success and effectiveness, lessons learned, and
archiving that document for future use;

= =4

Documented waste management pesfmance should become another pillar of CWM; and
Last but not the least, educational materials, manuals, and instructions are to be prepared and

documented for extensive use.

Furthermore, CWM will remain a principle research topic at Sharif University of @hnology;

and issues such as human factors in CWM are the challenges that will be tackled in future research
projects.
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Abstract

As the world becomes increasingly urbanized there is a greater need for cities to provide
ecosystem services to relieve the burden put on natural systems. Cities can yid® ecosystem
services through green infrastructure. The supporting, regulating, provisioning, and cultural
services of urban ecosystems are an important contributor to the resilience of cities. Despite this
importance there are large gaps in understandig of the processes that govern ecosystem service
provision in cities. Disconnections between relevant disciplines, such as ecology, planning, and
landscape architecture, further compound this. Here | present a sociatological systems approach
and discuss potential connections between ecology and planning that may facilitate the use of green
infrastructure to support urban resilience.

Keywords: Ecosystem Services, Green Infrastructure, Ecological Resilience, Planning, Multifunctionality
1. INTRODUCTION

Thei AET OEOU 1T £ OEA x1 01 A0 DI DOl AOGEIT 1Ti1x 1EOAO
predict even larger urban populations throughout the rest of the century [1]. Cities face complex
resource and waste management challenges that affects their enmitmental footprints and
metabolisms, as well as the provision of ecosystem services [2]. The process of urbanization also
EAO EiI DI OOAT O Ei Pl EAAGEITO &£ O OEA OOAEEIT C6 1T £ x
landscape [3]. The growth of citiesn the 21st century will require investment in new infrastructure
and the development of new strategies to manage these environmental challenges. Perhaps more
importantly, for urban dwellers, the growth of cities poses significant challenges for webeing and
health [4].

Urban ecology has developed in the past few decades partially in response to these challenges
[2]. Ecologists have largely and historically ignored the ecological importance of cities [5]. During
much of the last century, ecologists hayvinstead tended to focus their studies on what would be
considered relatively pristine and undisturbed locations. This occurred despite the recognition by
key developers of ecological thought and approaches that humans have a central role shaping
ecologial processes and are in fact a part of nature [6,7]. An ecological school of thought is
emerging that recognizes the central role people play as mediators and creators of the environment
[8-10]. This trend has been described by Emma Marris (a popular sciem writer) by contrasting
AAOI U AT A POAOGAT O AAT 11 CEAAT OEAxO 1T &£ EOI AT O AT A
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untrammeled wilderness and find room next to it for the more nuanced notion of a global hal¥ild
rambunctious garden, tended by us [1]8 & discipline is developing that reflects the growing
understanding that ecological systems, especially urban landscapes are novel systems and that
recognizes the role of people as managers, stards, and consumers of nature.

The majority of urban spaes will be newly created or remade in the coming decades [12],
presenting a significant opportunity to affect the environmental sustainability of cities. Urban
ecology and environmental planning will play critical roles in this transition [13]. These fiels are
connected through their relationship to the ecosystem services (the benefits we receive from
nature) of green infrastructure (Fig. 1) [14]. Planning and design seek to bring the benefits and
values of ecosystem services to landscapes through the plementation of green infrastructure.
Urban ecology uses assessment and monitoring to connect the design, characteristics, and
functioning of green infrastructure to its ecosystem services. The relationship between ecology and
planning are important for urban sustainability, but there are many barriers to interdisciplinary
connections and collaborations [15].

Assessment, Monitoring, Mapping

v

Green
Infrastructure Green

Benefits and
Values of

Ecosystem
Services

Size Infrastructure
Connectedness Functioning
Composition

Planning and Design

Figure 1: Connecting urban ecology and ecological planning and design (Modified from Opdam[28[)3

The goal of this paper is to present a fragwork for linking urban ecology and urban planning
through the lens of ecosystem services of green infrastructure. | contrast and compare the way
these two disciplines define and approach the concepts of ecosystem services and green
infrastructure to identify ways for the fields to unify in approach to work towards what are often
shared goals, even if thelefinition of concepts seemdlivergent.

2. HOwECOLOGISTS HINK ABOUTQTIES

Cities have an important role in global change, both as local drivers of clineathange and
strong global change force in and of themselves [16]. Moreover, cities are important harbingers of
the future environmental conditions anticipated from climate change [16,17]. Urban ecology has
emerged a discipline in the last 23 decades inrecognition of this critical role that cities play in
shaping ecological dynamics and environmental patterns. Ecologists have recognized several
approaches to studying urban ecology: ecology in the city and ecology of the city [18]. Ecology in
the city refers to the study of a city as another form of habitat within which to explore ecological
pattern and process. Urban gradient approaches have characterized how forests, soils, biodiversity,
and nutrient cycling processes vary across urbanized landscapes7[19-22]. Ecology of the city
expands this approach to treat the city itself as the object of investigation, applying theoretical
frameworks and approaches to study a city as an ecosystem. Here, an emphasis is on characterizing
the fluxes of materials ancenergy in, out, and within the urban ecosystem [23,24]. There has been a
great deal of progress in understanding urban ecology by applying both these approaches across
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the globe. It is impossible to ignore the potential application of the ecological knoadige generated
by studying cities. Recognizing this, Wu suggests 'sustainability of the city ' as a third approach that
exists within the field of urban ecology [25].

Urban sustainability perspectives integrate understandings of drivers of ecological press,
spatial patterns of urban development, and drivers of social patters and processes [25]. A social
ecological systems perspective recently emerged in the ecological sciences to address the
connections between social and ecological drivers and process§?6-28]. Cities can be viewed as
socialecological systems as they are hybrids of natural and human systems with important
feedbacks between people and nature that give an urban system its character, structure, and
function (Fig. 2). The factors that gher enhance or lessen the resilience of sociacological
systems is a core focus of applications of the SES framework [29,30].
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Figure 2: The city as a socigcolgical system (SES). Soeglological systems integrate the dynamics of
ecological and scial subsystems. Here they are shown linked through the flow of information (dashed lines)
which may represent decisiomaking, perception, design, planning, and other forms of management.

3. HOWECOLOGISTS HINK ABOUTRESILIENCE

3.1. Ecological vs. EngineerinBesilience

Resilience is an emerging concept in environmental management and planning [31]. There are
disciplinary notions of what resilience means in theory and practice, with two main resilience
concepts relevant for urban systems: engineering resiliencand ecological resilience [32,33].
Engineering resilience applies to how a system responds to disturbances with an eye to how the
system is stable with respect to an equilibrium steady state [334]. Engineering resilience derives
from notions of resistance to and recovery from disturbances and focuses on the ability and speed
of a system to bounce back to its initial, equilibrium conditions following a disturbance event
[32,34]. Ecological resilience diverges from engineering resilience due to observed réymics of
ecosystems that suggest that ecological systems (including those that are managed) do not have
single stable equilibrium points and exhibit episodic and sudden change [33,35]. Ecological
resilience derives from the ability of a system to toleratestress and reorganize in the face of
disturbance and recognizes that systems may shift from one equilibrium state to another.
Ecological resilience is the amount of disturbance that a system can absorb before it changes
structure and switches to an altermative stable state [27,32,33].

The engineering and ecological concepts of resilience are connected in several ways. Holling
suggests that there may be tradeoffs between the two, where an increase in ecological resilience
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may come at the expense of engineiag resilience, and viceversa [27,33]. Liao [32] suggests that
when the object of study is a 'hybrid system,' one that links humans with environmental, physical,
and technical systems, ecological and engineering resiliencies are linked [26,28]. In citid8s may

I AAOO OEOTI OCE bDPOT AROOAO OEAO Ai1 OOEAOOA O cAT il
while notions of community resilience are commonly aligned with that of engineering resilience,
that is, how a community may prevent and recover frondisaster; there is also space for more
ecological notions of resilience, where focus is on building resilience. Accepting the variability and
surprise that comes from disturbance and building capacity to adapt, absorb, and reorganize in face
of shocks arecritical components of this form of ecological community resilience. Tidball and
Krasny [36,37] describe this ecological perspective well for cities following natural disasters such
AO EOOOEAAT AOh EECEI ECEOET ¢ OEAIlog®blaydin diaAwity A DAOO
resilience. Wang and Blackmore [34] identify three aspects of resilience: (1) related to crossing a
performance threshold (ecological), (2) related to the response and recovery of a system following
disturbance (engineering), and (3 focusing on adaptive capacity and management of a system
(social-ecological). They propose that these engineering and ecological perspectives on resilience
are complementary, not conflicting, and thus propose a framework to bridge these perspectives for
the purpose of planning and management of systems. Again, adaptive capacity is described from a
socialecological perspective on system resilience. Following Wang and Blackmore [34], adaptive
capacity is a system property that can support and enhance rdasihce from both engineering and
ecological perspective. In other words this adaptive capacity describes the pace of recovery after
disturbance and also how much disturbance can be absorbed before a system moves into an
alternative state.

3.2. Adaptive Capacity

Adaptive capacity is thus a critical system component that underlies the resilience of urban
systems to stresses and disturbance regimes. Resilience can be thought of as the inverse of
vulnerability, in that approaches that will enhance the resilience o# city to a form of disturbance
will also reduce its vulnerability to the disturbance [38]. Vulnerability to disturbance is derived
both from the exposure or sensitivity of a system to disturbance, as well as the adaptive capacity of
a system in face of diturbance and change [38]. Adaptive capacity operates at multiple scales and
derives from characteristics of both components of the sociacological system. To highlight how to
enhance resilience at multiple scales, Adger et al. [38] provide a matrix deking how to either
decreasing risk or increasing adaptive capacity at both local and regional scales (Table 1). These
approaches are applicable for urban ecosystems and green infrastructure, as both local (lot, yard,
parcel) and regional (planning, greaways, greenbelt) approaches are both needed to ensure
ecosystem service provision from functioning green infrastructure.

TABLEL: ENHANCING RESILIENGE LINKED TO REDUCBN\VULNERABILITYADAPTED FROM ADGER BL 2005 [38]).

Element of Resilience Local Actions Regional Actions

Maintain ecosystem functions of GI  Mitigation of drivers of change
Enhance ecosystem functions of GI Enhanced Responsiveness
Ecological Diversity

Economic Diversity Integration response organizations
Cultural Diversity Networks to promote learning
Inclusive and Flexible Governance

Exposure to Hazard

Adaptive Capacity

Cities are vulnerable to multiple sources of environmental and resource stress and disturbance
that affect resilience. Water resources are a critical element of b&n vulnerability both from the
perspective of abundance (flooding) and scarcity in arid lands, as well as through impacts on water
guality [39]. Cities exhibit urban heat islands (elevation in air and surface temperatures in built
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environments), and thisshift in temperature can impact the rates of ecological processes and pose
significant health risks by exacerbating heat waves [40]. In serarid cities there are clear
connections between water and energy consumption, plant ecology, and attempts to mitigairban
heat islands [41,42]. The provision of ecosystem services is an important element of urban
resilience, impacting both a city's ability to limit exposure to environmental stresses and also to
enhance the adaptive capacity of a city to environmentapolitical, and economic stressors.

3.3. Ecosystengervices andJrban Resilience

Ecosystem services are the benefits and goods that people gain from ecosystems [43], and are a
way of translating ecosystem structures and functions into tangible ways of descrilly how
ecosystems contribute to human welbeing [44]. The Millennium Ecosystem Assessment [43]
classifies ecosystem services as supporting, provisioning, regulating, and cultural services. It is
common to combine supporting and regulating services as tlgeoften correlate strongly in spatial
analyses, or to ignore supporting services as they are implicit in the production of regulating,
provisioning, and cultural services [45]. A hierarchical classification approach has been suggested
as a way to move faward from concept to operation to facilitate using the ecosystem service
concept in assessments and evaluation across spatial scales [46,47]. Such hierarchical
classifications categorize ecosystem services at the most general level as sets of themes:
provisioning, regulation and maintenance, and cultural [46,47].

As ecologists have turned their attention to cities as objects of study, they have also begun to
recognize the ecosystem services that cities provide [48,49]. This may at first seem to be
oxymoronic, considering that the ecosystem service concept originated in part as a way to describe
the value of ecosystems that were lost due to land use change and urbanization. However, the
parks, designed landscapes, remnant patches of ecosystems, and greenspaithin cities provide
many important ecosystem services [4&0]. These services are important for the health and well
being of urban residents [51]. The ecosystem services that cities provide may also be an important
contributor to regional ecological function and ecosystem service budgets that extend beyond city
boundaries [52].

Ecosystem services play critical roles in contributing to the resilience and sustainability of
urban sociatecological systems. The stewardship and social contexts of urban greareas play
important roles in the social memory and ecological management, further contributing to the
resilience of urban communities and places [53]. From a sociatological perspective, the
generation of ecosystem services is dependent on both eogical properties of an ecosystem and
also social characteristics of the system [5%7]. While the role of planning and formal management
have been recognized to be important for the provision of ecosystem services, informal
management, through local knowedge, networks, and institutions, may be equally important for
the resilient provision of urban ecosystem services [14,54,58]. Linking different perspectives on the
management of urban ecosystem services may contribute to more adaptive approaches that
capitalize on a diversity of goals, perspectives, and approaches [54,59].

Environmental planners recognize ecosystem service provision and conservation and they are
now identified as a target and goal. This has occurred as the spatial scale and complexity of
environmental planning expands. Planners classify ecosystem services as abiotic, biotic, and
cultural, perhaps to reflect the ways that these services are produced in a more utilitarian sense,
linked to the practice that is inherent in the planning disciplhe [58,60]. From this perspective it
becomes apparent how design alterations that are driven by an objeotiented approach might
tweak an ecosystem component to yield a desired service. This differs slightly from the more
processoriented approaches usedin the fields emerging from ecolgy and environmental
economics.
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4. THEROLE OFGREENINFRASTRUCTURE INURBAN RESILIENCE

4.1. Defining Green Infrastructure

Green infrastructure has strong potential to affect ecosystem functions in cities and to support
the provision and restoration of ecosystem services for urban residents. Despite this promise, the
OAOiI eCOAAT ET Z£#OAOOOOAOOOASG EAO OAOGAOAIT OOAO ET O
conservation. The definition of green infrastructure reflects tle scale of implementation and the
environmental goals. The differences in definitions of green infrastructure also reflect an object
versus processoriented classification that is discussed above. In the planning field, green
infrastructure is considered "an interconnected network of green space that conserves natural
AAT OUOOAI OAlI OAO AT A ZEZOTAGETT O AT A DOI OEAAO AOOI
01 ATTAOO Al 61 AAEET A ¢ OAdkdined bétwah oD GeAedtieOdnd AO OOE
aquatE A 1 AT AOGAADPA Al Ai AT OO rp1¥Y80 AT 11T CEAAT AAEETE
concepts of networks and have less explicit focus on landscape ecology principles (such as
connectivity and patch size). Many implementations by ecologists emore focused on types and
objects, rather than a relational or systems oriented notion. For example, Pataki et al. calls green
ET FOAOOOOAOOOAR OEI PI Uh OAAOGECT AA OOAAT COAAT OFE
disciplines, there is also variabity within fields that often reflects some intersection of local
physicalenvironmental conditions and local goals for green infrastructure.

4.2. Green Infrastructure Ecosystem Services

Green infrastructure, however it is defined, is designed to provide ecostem services. These
ecosystem services contribute to resilience and sustainability of urban ecosystems. Green
infrastructure is thought to reduce dependence of urban dwellers on more expensive and 'brittle’
grey infrastructure, as well as reduce the exmmalities of consuming ecosystem services from
distances far away. Green infrastructure alters storm water flows and enhances ecological
functions in ways that enhance infiltration and mitigate surface water pollution [63,64]. Urban
forests and trees canreduce the heat loads on buildings and shift urban heat islands [41,65].
Several calculator tools (such as UFORE, iTree) exist to assess ecosystem service provision by
existing urban plant covers. However, it is important to note that many actual beneditof green
infrastructure have yet to be documented and quantified in realorld urban settings, particularly
in a way that accounts for the great variability in urban form and location of cities [62]. Moreover,
there is little understanding of how benefis of green infrastructure compare to costs of providing
those benefits [62].

5. LINKING ECOLOGY ANDPLANNING THROUGHECOSYSTEMBERVICES

%l OEOTT1 AT OAT D1 AT T ET ¢ OAAdtugelinfethdich a® EcAt@lito tRE OOOA O
very process of human setément, urbanization, and weHlbeing [66]." This matches the goals of
many urban ecology and ecosystem service approaches [2,25]. Despite the long history of
environment and humannature relationships in the planning discipline, it has seen a limited focus
on the implications of ecological principles and interactions as the primary concern in planning
theory and practice [66]. Conservation planning has evolved through time to incorporate a larger
focus on the landscape scale, and corresponding objectivesida goals have increasingly
incorporated more complex and processentered targets [67,68]. As the spatial scale of planning
has expanded, so has the focus on targeting multiple goals, including ecosystem services [69].

There is a disconnection between ecolly and environmental planning that could be bridged
with a focus on green infrastructure [15,7072]. The ecological and engineering approach to green
infrastructure begins to explore structure and function at fine scales. Focusing on the operation
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and physiological ecology and biogeochemical cycling in individual installations and how these
operate at scale as they expand in implementation. A critical link between ecological and planning
perspectives is to bridge the top down and bottom up or the patchvs. landscape scalesthat are
the focal points in each discipline [14]. This hierarchical approach would yield great insights into
urban function and sustainability and is already seen as the center point for facilitating resilience in
socialecologicd systems.

There is a need to better connect scientific knowledge about and decisiomaking and
landscape design practice regarding ecosystem services [72]. The role of science in planning and
design has been addressed from three interacting perspectivegl) design is an intentional
landscape change that recognizes the needs and values of society with the purpose of providing
ecosystem services, (2) collaborative partnerships between designers, planners, and scientists can
create experiments in the landscpe to "balance ecological goals with context, esthetics, amenity,
and safety;" (3) adaptive design informed by ecological knowledge can investigate innovative
approaches [58]. The common thread is that bridging ecology and design to meet ecosystem service
goals requires respecting the knowledge base and approach of the ecological sciences and the ways
in which design approaches context, aesthetics, and societal values.

There are critical gaps in our understanding of the functionality of green infrastructurehat
would be alleviated by better integration between ecological sciences and planning disciplines.
There are great uncertainties in the ability of green infrastructure to provide ecosystem services,
particularly as this concept is applied in differentregional contexts [62]. This gap is largely due to a
lack of monitoring and assessment of ecosystem service provision by green infrastructure after the
planning and installation phases of design [15]. Ahern [60] suggests that the ecosystem service
conceptprovides a tool for assessment because it can be used to derive benchmarks and indices of
performance in a spatially explicit manner. There are important limitations from the ecological
sciences that also lead to gaps in understanding. Most ecosystem sevassessment tools that take
a spatially explicit approach lack the grain to appropriately address the landscape heterogeneity
that green infrastructure would introduce in urban land cover assessments [73], as well as the
contribution of cities to regional service budgets [52]. Recognizing this need, ecologists have begun
modifying mapping and assessment approaches to account for the scales needed to properly
incorporate green infrastructure into ecosystem service assessments [74].

Proper assessment and mnitoring of the ecosystem services of green infrastructure is critical
to adopting approaches that address urban resilience. A resilience approach puts sustainability into
a nonequilibrium framework where the critical feature is the ability for cities to build an adaptive
capacity to respond to disturbance. Monitoring and assessment programs are needed in order to
assess this adaptive capacity and the contribution of green infrastructure. Ahern [58,68] suggests
five strategies for building capacity for resilience in cities: biodiversity, multifunctionality,
multiscale networks, modularity, and adaptive/experimental design. A key to implementing this is a
transdisciplinary approach that also operated in a cgroductive process that is both iterative and

addb OEOAN xEAO ! EAOT fuyyY AAI T O oOAEA O AAEI 8D

the design disciplines and adaptive management approaches that stem from a soaablogical
systems approach to resilience [28,29]. Soci&lcological systemapproaches to ecosystem services
demonstrate the need to assess multifunctionality at broader scales [75]. This is another point of
intersection that could bring ecological and planning approaches to cities closer together.
Connecting science of cities andandscape design would also support assessment and
monitoring of the ecosystem services of green infrastructure by accelerating our knowledge of the
function of urban landscapes. The city itself can be used as an experiment [68,70,76] to try out new
methods for design and implementation. A citywide approach that links safeto-fail and adaptive
management approaches across urban scales is the urban transition lab approach [76]. Urban
transition labs are a model of ceproduction, where research needs and porities are set by
discussions between interdisciplinary academics, practitioners, and stakeholders. These priorities
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are then implemented in the urban landscape in an experimental setting, and coupled with
monitoring and assessment that allows the commuty to analyze how goals are being met. This
approach could be adopted to explore the conditions that facilitate and constrain green
infrastructure implementation and function in particular cities. The built environment could be
explored as a nexus in a ©fe of drivers and responses [77], where through the iterative process of
the urban design and monitoring, the implications for ecological function and societal acceptance
and governance of green infrastructure can be assessed. This understanding in turacbmes a
driver for further changes in the built environment and urban landscape under this urban
transition lab approach [76].

6. SUMMARY

The ecology of cities becomes increasingly important as our populations become more and
more urbanized. Ecosystem sergies, the benefits and goods that we all rely on from nature, is a
framework that can help bridge scientific and planning perspectives on cities to improve the well
being of urban residents. An understanding of the provision of ecosystem services in citigsjust
beginning to be explored, but is greatly needed to adequately address urban concerns through
green infrastructure approaches [62]. Most importantly, there is presently a disconnect between
disciplines that focus on the ecosystem services of greenfrastructure in cities [15]. While the
tools to address the ecosystem services of green infrastructure in cities are not yet adequate for the
task of addressing urban resilience, there is great potential for the disciplines of ecology, planning,
design, and landscape architecture to integrate to address these needs [15,71,72]. A social
ecological systems perspective puts the role of design and landscape creation at the center of how
urban ecosystems function and can guide the integration of these field®Vith this unifying
framework the contribution of the ecosystem services of green infrastructure to urban resilience
can be better assessed and implemented.
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Abstract

Resilience thinking has been recently proposed as different way of understanding the world
and a new approach to managing urban environments. It embraces human and natural systems as
the complex entities continually adapt through cycles of change, and it seeks to understand the
gualities of a system that must be maintained or erdnced in order to achieve sustainabilityThis
research aims to evaluate the environmental quality of metropolitan Tehrarz Iran using some
resilience criteria. Based on the comparative analysis of the current related theories we have
extracted and classiied some of the resilience criteria into four dimensions: pattern and Process of
sociateconomic in urban landscape, Responses of human society in urban landscape, Pattern of
Biophysical Structure in urban landscape, and Urban Ecosystem dynamic and Funocti®e have
focused on the last two criteria; the composition and configuration of urban green spaces as the
most important component of ecosystemsand the biophysical variables such as air, water
resources and impervious surfaces are considered the basiactors of urban ecosystem services.
The results obtained show that the composition and configuration of urban green spaces of Tehran
and consequently its ecosystem quality does not fulfill the requirements of a resilient urban
landscape. Assessment of Tehn air quality shows that the number of unhealthy days has
increased over the last decade. Alsd@ehran has heavily relied on outer water basins. In addition,
the proportion of impervious surfaceswithin a period of 22 years (19882010) has increased by
more than two times. These results support theresilience criterion as a more realistic approach to
demonstrating both the urban environments situation and the directions of future urban plans.

Keywords: Resilience Thinking, Urban Environment, Ecosystem and Ecosystem Services, Urban
Landscape

1. INTRODUCTION

Resilience is a flexible concept which is currently used as an approach in different fields of
study [1]. The concept of resilience was originally suggested as a descriptive ecological term [2].
Resilience s referred to as a basic capacity of an ecosystem to maintain desirable services of the
ecosystem confronting environmentalchanges and human exploitation [3]. In another definition
resilience is presented as the capacity of ecologieabcial systems to aract disorders and also to
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maintain the feedbacks, processes, necessary and inherent structures of the system [4]. Resilience
thinking, through the concept of multiscale and selection of appropriate temporal and spatial
scales, provides an insight to cosider unpredictable future, inevitability of change, and
vulnerability of such systems [5], [6]. Resilience thinking provides a structured method for taking
into account the complexities, uncertainties, and interdependence of systems, processes and it also
paves the way for new methods of planning and more efficient application of assessment and
sustainability thinking [7].

One of the most important concepts considered in resilience thinking is the sociatological
system. Scholars, within the realm of rglience, have created the term of sociacological system
which includes cities. The term of sociakcological system elaborates on interdependence between
human and nature emphasizing the concept of humaria-nature. Socialecological systems include
the integration of nature and human society with mutual feedbacks and interdependence. Although
we cannot find a recognizable social or ecological portion in such system, we cannot separate them
for the purpose of analysis [8,9]. Influenced by the resiliencthinking, new sources introduce urban
ecosystems as the production of natural and social processes within which structure and
performance are very closely related [1013]. In cities and urban regions, with regard to the
decisions made related to land usaye experience things such as structure changing, fragmentation,
isolation of natural habitats [14], Hydrological system failure [15] and changes of energy flow and
food cycle [10] all of which lead to a reduction in resilience in different spatial scalasaking urban
systems increasingly vulnerable. So it can be concluded that we can improve the ecological
performances and consequently resilience in urban habitats through establishing a reform in the
urban structure).

In the assessment of urban resilierg, the system is regarded as a whole and not a specific kind
of disorder or specific aspect of the system that might be affected [16]; instead the general
performance of the system will be evaluated with regard to the resilience criterion. Different
criteria have been developed to determine the general resilience of the system. Van Oudenhoven et
al. presented a list of sociakcological indices (criteria) for landscape resilience; however, their
indices (criteria) concentrate more on agricultural landscape$17]. In addition, some studies have
been performed on the assessment of resilience in sociatological systems with rural nature.
7AT EAO AT A 3A1 O AAOGAI T PAA OT I A AOEOAOEA DBOAOAT OAA
Nine criteria were suggested for assessment of resilience including ecological diversity, ecological
variability, modularity, economic-social system diversity, social capital, overlap in different levels of
governance, tight feedbacks, political, social, economic, and environntehconditions, unpriced
ecosystem services, diversity of such services, acknowledging slow variables, and innovation.
Resilience World Alliance as well as some researchers developed some other criteria including
diversity, openness, inter relationship offeedbacks, reserves, and modularity [6,7,16].

In the present study, based on the characteristics of urban systems and interaction of
subsystems in urban regions indicated in these references [103,18,19], we classified these
criteria into four groups including Pattern of Biophysical Structure in urban landscape, Pattern and
Process of sociakconomic in urban landscape, Urban Ecosystem dynamic and Function, and
Responses of human society in urban landscape. Resilience criteria and their application in amb
environment, with regard to the literature related to general resilience criteria in urban
environment, are all shown in Table 1.

The current study addresses an emphasien the general resilience of the city of Tehran, Iran
taking into consideration that there are actually a lot ofresilience criteria basically; the criteria
considered include pattern of Biophysical Structure in urban landscape and Urban Ecosystem
dynamic and Function. The composition and configuration of urban green spaces as the most
important component of urban ecosystems and also the biophysical variables such as air, water
resources and impervious surfaces are considered the basic factors of urban ecosystem services.

137



2. METHOD

The current study selected Tehran as a case study; in atldn, its resilience was assessed.

Based on Statistical Centre of Iran, the population of Tehran was more than 8 million in 2011, the
first most populous in Iran. According to the results of the public census in 2011, the population of
the province of Tehian was about 12,183,391 which showed an average annual growth rate of
about 1.44% [20]. Based on the suggestions made by the Resilience World Alliance for the

assessment of resilience [16], the following steps were taken for assessment of Tehran resilience

1. Defining appropriate measures to assess the criterion (landscape metrics). Table 2 shows

appropriate measures for each criterion

2. Mapping measures

3. Description of the main system with regard to the resilience assessment criteria
4.) 1 OAODBOA OA O Edsilienck Wased dnEh® rédul @chieved through metrics

TABLELl: SUMMARY OFRITERIA OF ASSESSMERFGENERALRESILIENCE INNRBANLANDSCAPE

Criteria Category

Criteria

Feature of Criteria with urban landscape

Pattern of Biophysical Structure
in urban landscape

Diversity of
structure pattern

Spatial diversity in habitat patches that ae source
of supply of ecosystem services in urban landscape

Modularity of
structure pattern

Spatial and temporal configuration of structure
that are source of supply of ecosystem services
in urban landscape

Connectivity of
structure pattern

The Presence of ecological networks
(greenways, green belt)

Diversity of urban land uses
Presence of institutions and social networks

Diversity Diversity of social interactions
Diversity of economic opportunities
Diversity of economic resources
Pattern and Process of social Social capital Presence of strong social networks in urban locals
economic in urban landscape Different Levels of Diversity of governmental structures and
Governance executive levels of uban management
) Flexibility and diversity in institution structures
Modularity
Reasonable openness of society to respond to
Openness
changes
Diversity of the Diversity of the types of ecosystem services or slov
main kinds of variables that are good 6r urban landscape
Ecosystem Regulating services
Services Supporting services

Urban Ecosystem dynamic and

Tight Feedbacks

Long term policies and local solutions to improve

Function ecosystem services and reserves
. To be avare of costs for monitoring and active
Unpriced ) .
management of Un priced Ecosystem Services
Ecosystem -
h Internalizing external costs of loss of Ecosystem
Services .
Services
Ecological Preparation for and knowledge of society for the
Responses of human society in Variability origin of internal and external disturbances
urban landscape Innovation Providing the context for experiencesnew

priorities of the stakeholders in urban local area
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TABLE2: LANDSCAPE METRICS @ESESSINGEHRAN RESILIENCE BEB ONPATTERN OMBIOPHYSICAISTRUCTURE ANDRBAN
ECOSYSTEM DYNAMIC AIRDNCTION

Dimensions of L Measurable variables .
- Criteria Metric
urban resilience or data
The amount of green and

open patches coverage

Patch richness

density(PRD)
Diversity or spatial Number of green and open
heterogeneity patches
Percentage of
Richness ofgreen and Landscape(PLAND)
Pattern of open patches
Biophysical Euclidean Nearest

Structure criteria

Mean distance between Neighbor
Connectivity Distance(ENN)
each class of patches Radius of Gyration
(GYRATE)
Amounts of heterogeneity Contagion index
Modularity or homogeneity of urban (CONTAG)

green and open patches

The number of Clean

Air quality air during the entire
Urban Ecosystem Unpriced year .
dynamic and . The quantity of
. Ecosystem Services Water resources
Function water resources
Change of impervious Change in Ratio of
surfaces impervious surfaces

For measuring the landscape metrics or appropriate measures for the criteria FRAGSTAT 4.1
software was used. This softwaremakes it possible to calculate landscape metrics [15]. In the
present study, FRAGSTAT 4.1 softwarvas used to calculate landscape metrics. Using this
technique can reduce the errors resulted from the calculation of the metrics through the software.
In addition, it makes it easier to interpret the metrics because it shows the results of the metrics
calculation as zoning map.

In this study, land covermaps in three classes of green, open, and built were taken from images
from Land Sat (January 4, 2010 andi988) through TM sensor. The following steps were taken in
order to achieve land cover maps: after getting satellite images, the process of geometric match and
also making coordination for the images through vector road maps of Tehran were performed to
prepare data for the purpose of processing and exploiting information. The second sampling was
done using the Nearest Neighborinterpolation (NN) method. All the bands used here were
geometrically matched using the above method with RMSE 0.4%pectral modification of the
images was aimed to highlight the phenomena and also to improve the quality of the images. Then,
using a combination of the bands 432, we did the supervised classification through maximum
likelihood method. Validity assessment was done afteclassification using a ground truth map,
therefore, the general validity index of 85% and Kappa index 89% were achieved. The results were
considered satisfactory. In the interpretation of data, the land use maps with 1:2000 scale and
personal experiences © field surveys were used. Map 1 and 2 show land coverage in the three
classes of open, green, and built.

139



B

/-, ,

. ""’z”"
v .

p .
" 4

Map 2: Land coverage map of Tehralman from Landsat satellite 1988.

140



3. REsulTs

As mentioned above, the present study aims to analyze Tehran resilience accordingPattern
of Biophysical Structure andJrban Ecosystem dynamic and functiogriteria.

The Pattern of Biophysical Structureare related to patches originated from enviromental
services. Therefore, our analysis was based on green patches with environmental service origin.
Our criteria included diversity, connectivity, and modularity. The results are presented in three
parts according to these criteria:

3.1.Diversity (oatial Heterogeneity) of theaeenPatches in Tehran

Diversity (spatial heterogeneity) of greenpatches in Tehran was assessed with the two metrics
of patch area (PLAND) and patch richness densi{i?PRD).

3.1.1. The ratio of green patch areas in Tehran

Patch area is onef the most important metrics to measure landscape compositiospecifically
to show how much of the target patch type (green patches) exists within the landscape (Tehran).
Map 3 shows the area of green and open patches and their distribution. As shownMiap 3, in few
parts of Tehran the ratio of green and open patch areas is 50% or more.
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Map 3: The ratio of green patch areas in Tehran.

3.1.2. Density of richness of green patches in Tehran

In this metric, we divided the number of all kinds of patches in the i to the whole area of the
landscape. The unit of this metric is the number of patch type in 100ha.This metric concerning a
particular patch type (for example: green patches in urban landscape) may affect a variety of
ecological processes in this landscap such as biodiversity. The number or density of patches is
probably mostly valuable as the basis of computing other more interpretable metric§hrough this
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metric we can compare different landscapes. As shown in Map 4, the higher the result of this netr
the richer is that area with regard to green patches.

g:i-*?-fe;,,_,fx'fﬂ 7 q, (557 2

- 7 ‘
4 > “‘/f‘ { ;ﬁ 3 ...../‘ p ‘-‘/) ‘
r3 » 20 4 \ > J 2
Z 'T;f'f 'f71 i
() 14. { /:"(' ¢ A
y ’/’ S '. y- L) .
- - y ¥ -’. } ﬁ ' J' Wi s
b - M sy ],; 7 - 4
,—“ S's v l,"__‘""'_”’ p! (* " A 4 \_::.{.
Y st B 5475 &
! ; &\ X R ,& |
' ’ X e I
" 4 BF 7 s B |
. R A e we & + |
-_,q;\-:f
T » v L , j
n ° v
Logomd H ® 3 » - : o~
“
L .‘ 4 -
.;;Ll ~" '] ‘I ¥ : j
Tehran Municipal Districts - 537 Wi v,
" ~ 7
i3 (eGP |
998.99--123.46 L A ]
B 123.47-246.91 g e 4 ‘
N " - ll
s DA 1
——— .

Map 4: Density of richness of green patches in Tehran.

3.2. Connectivity ofGreenPatches in Tehran

Connectivity of green and open patches Tehran was assessed usiBgclidean distance to
nearestneighbor (ENN) metric and intensity of the patch (GYRATE) metric.

3.2.1.Euclidean distance to nearest neighbor of green patches

This metric shows the mean nearest neighbor distance between one types of patch. This metric
computes the shortest straightline distance ketween the focal patch and its nearest neighbor of the
same class. The unit of this metric is metefhis metric was summarized for all the patches of the
same type (green patches of Tehran) as Simphkrithmetic mean or the average weight of the
nearest distance neighborhood. In Map 5, you can see the average distance of Euclidean
neighborhood of green patches in Tehran. As can be seen in Map 5, the average neighborhood
distance of green and open patches in Tehran is more than 63 meters.

3.2.2.Intensity of greerpatches in Tehran

Intensity of the patch (GYRAT) is a technique to measure the extended area of patches (or their
intensity). It shows how far across the landscape a patch can extend its reathis metric, for each
patch, is calculated as the average dance, in meters, between each cell in the patch to tleenter
of the patch. Then it was summarized for all the patches or patches of the landscape, as the average
of the weighted areaWhen aggregated at the class or landscape level, radius of gyratioropides a
measure of landscape connectivityThis metric is considered to be zero (or more?) in scattered
areas. In Map 6, the intensity of green patches in Tehran is shown. As can be seen, the area of
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patches is mostly less than 28 meterdn only a few locations, such as in Region 1 or 22 and some
parts in the south including agricultural lands, was the patch intensity 286 meters.

Map 6: Intensity of green patches in Tehran.
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3.3. Modularity of GreenPatches in Tehran

The metric of contagion was used to analyze modularity in Tehran. This metric shows the
composition and texture of land cover. Contagion metric measures both patch type interspersion
and patch dispersion at the landscap level. Based on the result obtained from this metric we
recognized the extent to which patch types are aggregated or clumped. The unit of this metric is
percentage. The metric of contagion is a measure showing green patches in Tehran whish
contagion in a cluster like manner in a cumulative way or is scattered around the city as smaller
patches. Higher values of contagion may result from landscapes with a few large, contiguous
patches, whereas lower values generally characterize landscapes with many aimand dispersed
patches [21] In other words, if the result is close to zero, it indicates that the green patches are
small and scattered and if it is close to 100, it shows that the patches are accumulated in one place
AT A OEAU KAodnbrdetr digribuiidh inAhe urban landscape of the city. As can be observed
in Map 7, there is no 100 as a result of contagion metric, the places with-Z0 have acceptable
contagion and there is a balance, in these places, between connectivity and contagion. Areiéts a
contagion of less than 20 are the places suffering from lack of connectivity, as well.

Urban Ecosystem dynamic and Function is about diversity of types of ecosystem services or
slow variables that are good for urban landscape. The biophysical vabl@s such as air, water
resources and impervious surfaces are considered as the basic factors of urban ecosystem services.
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Map 7: Modularity of green patches in Tehran.

3.4. Air Quality of Tehran

Air pollution is a serious problem in Tehran.The numbers of tean days from 2007 to 2011
were 23, 13, 32 and 14 days, respectively. Within each of these years, healthy conditions were
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observed on 327, 293, 291 and 247 days, respectively. The numbers of days in these years
considered as unhealthy were 15, 59, 40 antD3 days, respectively. The very unhealthy conditions
did not occur in 2007; however, in years spanning from 2008 till 2010, there was experienced only
one day with dangerous and unhealthy condition. Generally, concerning the PSI index in 2007 till
2009, the pollution States had a trend showing the conditions as becoming unhealthy [20].

3.5. Water Resources

An unsustainable situation of water resources in Tehran has occurred due to the dry hydrologic
conditions in the region due to average precipitation of abdu 250 millimeters per year
accompanied with high population density, changing climate, and an imbalance between water
supply and demand. The trend and associated changes in total water consumption in Tehran has
been upward andincremental with annual consumption rising from 886 million cubic meters to
1,033 million cubic meters from 1998 to 2010, an average annual increase of 0.74% per year [20].
In order to provide a fresh water supply for urban and agricultural consumption in Tehran, several
dams were castructed on the flowing rivers including Karaj (Amir Kabir dam), Lar Dam, Latian,
and Taleghan Dams. It is significant to note that Tehran has heavilglied on the outer water
basins. Map 8 shows the situation of Tehran dams. Lar Dam and Taleghan belangther basins.

The ground water aquifers are considered strategic resources in the arid regions. In the case of
Tehran, the importance of ground water, due to water shortages from the surface water, has
increased substantially. The drop in annual averageater level in the Tehran aquifer plain is about
18 centimeters per year [20].

3.6. Change in Ratio of Impervious Surfaces

This is based on the interpretation of Landsat images taken from the city in the two mentioned
years. The green land area and open spaaeeas have been constantly and gradually decreased and
the area has been taken by construction of buildings. In 1988, only 37% of the present area of
Tehran was built on and constructed while in 2010, this was increased to 61%. Map 9 shows the
impervious surfaces in 2010.
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Map 9: The impervious surfaces in Tehran in 2010.
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4. CONCLUSION

Survival of the cities as sociaécological systems depends on natural and ecosystem services. As
a result, getting to know resiliencein urban environment needs interdisciplinary understanding
and an analysis in different scales. Among the criteria defined for assessment of resilience of urban
ecosystems we can refer to diversity, connectivity, and modularity of structural elements with
ecological performance (green patches), also the main ecosystem services can be regarded as some
other criteria. Based on the results obtained from metrics of distribution diversity of open and
green patches (PRD & PLAND) in Tehran the ratio of green aoden patches areas are more than
50 only in few regions and have appropriate intensity. These regions are mostly on the north part
of the city or the south where agricultural lands exist. The results obtained from connectivity metric
(GYRATE & ENN) indicatthat only in few regions the edge to edge distance between the patches is
inconsiderable. The results achieved from CONTAG metric focusing on spatial distribution of green
and open patches (modularity) show that in most of the region we experience low otagion due to
low connectivity. In few regions, where the connectivity is considerable, the percentage of
contagion is high. From the results achieved from three criteria of diversity, connectivity and
modularity zthat in its own turn shows Tehran resilience with regard to ecosystem criteriawe can
conclude that combination and spatial distribution of the green patches are not resilient in Tehran.
The state of ecosystem services (air, water and the ratio of impervious surfaces) does not fulfill the
requirements for a healthy urban structure to support a resilient landscapeAssessment of
resilience in urban environments based on the above mentioned criteria is a guideline for
authorities and decision makers to use flexible and modern approaches in urban megement.
Consequently, the current study indicates that Tehran is not a resilient city regarding tHeattern of
Biophysical Structure and ecosystem servicesriteria which means that Tehran - OT EAEDAT EOU 8
proceedings with regard to the green space, air, ater and urban development management have
not been efficient so far and it cannot guarantee their performance. Achieving resilience needs
cooperation between and within organization matching the organizations responsible for making
decisions with ecologi@l scale of the recognized source to prevent one sided views.
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Abstract

In the 21st century, the world population is growingat a spiraling pace. Much of this growth is
occurring in developing countries, where access to food, sanitary water, education, and health is
severely limited. The ever increasing urbanization highlights the need for sustainable development
based on humarenvironment interaction, concurrently focusing on economic development, social
justice, and environmental preservation. The excessive and unplanned expansion of cities has
resulted in numerous environmental predicaments due to clearly emphasized economigsues at
the expense of social and environmental concerns.

The most significant features of megacities are population density, dynamism of growth,
settlement, infrastructures, land ownership, socieeconomic inequalities, hazards and vulnerability,
and urban governance. The factors related to each feature are indicated in this paper. To reach
sustainability and resiliency in a megacity there are different criteria related to various categories,
namely environmental, social, physical, and economical amongshich the environmental aspects
are discussed.

To examine the practical use of these criteria, extensive studies and field activities were carried
out on the District 14 of Tehran municipality concerning the environmental category. The study
indicated the desire of authority to move toward sustainable development as their activities
showed much environmental status improvements between the years 2009 to 2014. At the end
some recommendations were made, according to obtained results, to speed up the movevdaod
sustainability and resiliency.

Keywords: Megacities, Resilient City, Sustainable City, Safe Environment

* Corresponding author

1. INTRODUCTION

Today, more than half of the human population resides in cities and by 2030; about 60% of the
world population will live in mega cities, which are urban areas with more than five million
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residents. Meanwhile, 95% of future urbanization will take place in developing countries. Cities
across the globe occupy only 2% of the land area; however, they consume 60% td80f the
energy and cause 20% of the total carbon emissions. The rapid development of cities depletes the
freshwater resources, endangers the biota, and strains the public health. On the other hand, cities
could play an essential role in the global greencenomy through transportation improvement,
building construction, energy conservation, water sanitation, sewage treatment, and the facilitation
of a wide range of socieeconomic issueg1].

All over the world, megacities have destructive environmental effds that may necessitate the
role of governments to manage the cities essentials. This calls for revision of the urban management
principles by governments and metropolitan authorities. Urban areas in developed and developing
countries will be under influence of the growing unpleasant impacts of climate change, depletion of
resources, lack of food security and economic instability in the near future. These factors will
significantly alter the status of urban and suburban areas in the coming century. Thessues must
be addressed promptly and effectively in order to achieve resilient cities, signified by the safe
environment, productive economy, and active community. Otherwise, the rapid growth of
urbanization in many of the developed countries cannot be stanable.

Since more than half of the global population now live in urban areas, there is no doubt that the
issue of urban management has become a priority for angiven government in the world [2).
Urbanization as phase transition from rural to urban poplation is growing rapidly in the coming
decades, and will continue especially in developing countrieS].

Urbanization in the developing countries has a higher rate of growth compared to the industrial
countries which will continue for years to come. Asi and Africa, where more than half of the
population are now living in rural areas expected to become neurban areas resident by 2050 [4.

Of the 29 megacities in the world in 2014, Toky&'okohama in Japan with 37,555,000 population
has the first place, bndon with 10,149,000 is ranked 2% and Tehran the capital of Iran with
population of 13,429,000 is ranked 224 [5].

The rapid urbanization development and increase in the number of megacities has resulted in
serious environmental and socieeconomic predcaments and has created various challenges in
urban strategic planning and policy making [4]. There is international concern of urban
overpopulation and resultant impacts to the global environment, including excessive exploitation of
resources, air pollution, lack of food security, poverty, social discrimination, and vulnerability of the
lower saocial classesAlso the challenges for urban policies and urban planning strategies are to
optimize urbanization while managing the development in a sustainable angksilient way. Studies
conducted by various national and international networks indicate that there is an urgent need for
the development of weltdefined strategies for expansion of cities, long term landse strategies,
and effective urban managemenj6].

This paper discusses different aspects and elements of megacities then presents a case study of
District 14 in the Tehran Municipality to highlight some steps that have been taken toward
sustainability and resiliency in Iran.

2. MEGACITIESFEATURES ANOCHALLENGES

The following specifications are the characteristics of megacities that draw scientific, economic,
and political attention in order to address their potential threats and opportunities at national,
regional, and international levels. Based on the maij characteristics of the mega cities, the most
significant factors are as shown in Table 1 [4].

The increase in number of megacities is considered as the driving force of the global economy
that effectively influences the flow of goods, people, culturend knowledge. Megacities potentially
provide unique concentrations of skills and technical resources to improve the quality of life for
large numbers of people On the other hand, most cities face various challenges such as
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overcrowding, higher levels of pdiution, as well as security threats, lack of services and excessive
demand. According to the United Nations reports, megacities are struggling to reach a balance
between quality of life, economic competition, and the environment.

Megacities are 21st cetury phenomena; their size, unique complexity, and essential role as
global economic gateways have created many challenges for sustainable urban development [1]. It
is important to point out that only the environmental challenges are being addressed in thiarticle.

TABLE1: MAJOR CHARACTERISTIOB MEGACITIES

Megacities features Factors

Population density Concentration of the human population in reference to space
Society: Population growth rate

Dynamism of growth Economy: Real growth rate of the Gaiss Domestic Product (GDP)

Land: Suburbanization rate, land sealing rate.

Number and the size of unofficial urban settlements
Land use alteration
Quality and the quantity of the urban infrastructures

Settlement, infrastructures,
and land ownership

Poverty rate
Socioeconomic inequalities Unemployment rate
Mortality rate

Mortality risk
Hazards and vulnerability Economic risk
Level of vulnerability determined for each risk

Participation, rule of law, transparency, responsiveness, conseuns
Urban governance orientation, equity, effectiveness, efficiency, and accountability
Indicators: i.e. corruption index

Regardless of Megacities positive aspects, they have a long list of environmental problems. The
accumulations of water and air pollution, lack of propemanagement of waste, and soil erosion are
familiar issues for most cities worldwide, especially the megacities. Thus, the sustainable expansion
of megacities is to be promoted. The main challenges of megacities include the followings [1]:

Lack of publicawareness

Lack of proper social behaviour

Inadequate/insufficient technical knowledge

Lack of adequate infrastructures

Lack of compatibility between the college curriculum and the actual socieconomic needs
Lack of guidelines for effective public paitipation

= =4 =8 =4 -4 9

3. SUSTAINABLE ANDRESILIENTATY

Sustainable development is a broad term emphasizing on the proper long term use of resources.
Sustainability refers to procedure that could be repeated over and over again without affecting
other aspect of environmAT O AT A AA Al 00 AEAEAAOEOA8 4EAOAAEI OAR
satisfy the needs of the present generation without endangering the wellbeing of the future
generations [7].

Also, cities should have certain characteristics to be resilient toward poiial risks and natural
disasters without incurring irreparable damages [8]. Table 2 presents four categories of resilient
and sustainable cities which has 12 criteria.
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TABLE2: CONSIDEREMENVIRONMENTA|SOCIALPHYSICAL AND ECONOMCRITERIAS

Categories Criteria
Conservation of the environment
Environmental  Protection and expansion of green space
Optimized use of resources
Providing continuous education and training at schools and local communities to
increase public awareness

Social Interaction with the social media
Communication with various communities and institutions
Establishment and improvement of infrastructures, monitoring the construction
process
Physical Risk assessment and determining the potential dangers and planning for their

mitigation and implementing action plans

Define and determine the organizational structure and the responsibilities for the
management of crisis

Determine and allocate the requires budget for the establishment and development
of infrastructures and other effective steps to increase city resilience

Economical Providing loans for the modernization of old buildings and the reinforcement of weak
structures or those located in high risk areas

Ability to allocate the required budget in a crisis

3.1. Environmental Categories

This paper reviews environmental features of a resilient and sustainable city; elements are
listed in Table 3.

1 Environmentconservation

Protection of the urban environment plays a significant role in sustainability. For example,
reduction of air pollution or greenhouse gases could mitigate climate change and its adverse
consequenceg9-14].

9 Protection and expansion of green space

Green spaces not only reduce greenhouse gases and improve climate, but also reduce runoff
and risk of flooding because most cities with asphalt stress are vulnerable to flooding. Therefore,
protection and expansion of green landscape has effective impact on prevention and mitigation of
risks thereby reducing financial damages [8.0,14].

1 Optimized use of resources

Reduction in consumption of resources and increase in use of clean or renewable resources and
energy could mitigate damage during a crisis; this will help the sustainability and resiliency of the
city [8,11,14]

TABLE3: ENVIRONMENTAL EEMENTS OR RESILENT & SUSTAINABLE CITM5].

Factors determining
Topic sustainability & resiliency of Issues influencing factors
Mega cities
Urban environmental quality Air quality in urban areas
Density of stationary control sites
Number of supervised pollutants
Number of polluted days

Air Environmental air
management
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Energy

Energy usage

Energy consumption per person

Energy consumption in each sector (household, industrial,
agricultural, commercial, services, etc.)

Amount of natural gas consumption peperson

Urban action plan

Implementation of Environment and Energy plan

Green Space

Urban environmental quality

Density of public green spaces

Density of various green centers (urban parks, historical green
areas, local parks, green belts, children @ygrounds, gardens,
etc.)

Environmental management
of green spaces

Annual construction of new green spaces

Annual statistics of green spaces

Implementation of urban green plans

Noise

Environmental management
of noise

Number of noise measurement sttionary sites

Installation of noise barriers

Number of noise supervision camps

Number of public protests due to noise pollution from industrial,
traffic and repair sources

Number of activities conducted by the municipality causing noise
pollution (festivals, sports events, vehicles, etc.)

Number of driving tickets for noise pollution

Urban action plan

Implementation of noise zoning plan

Implementation of noise reduction plans

Transportation

Infrastructural equipment

Length of railroadinfrastructures

Density of railroads

Density of railroad lines per type (conventional railroad,
monorail, subway, etc.)

Density of vehicles

Density of personal cars

Density of transportation vehicles

Density of taxis

Number of urban vehicks per type (personal cars, buses,
motorcycles, trucks, etc.) and fuel type (regular gasoline,
unleaded gasoline, diesel, etc.) and their average age

Environmental management
of transportation

Number of sidewalks

Length of bicycle paths

Number of traffic limitation zones

Number of free public parking

Number of pay public parking

Passengers of transportation
fleet

Oil ARO T £ PAOOAT CAOO OEAETC i

Urban operational plan

Implementation of urban traffic plan

Traffic control innovative plans

Wastes

Production and management
of wastes

Collection of urban wastes

Environmental management
of wastes

Separated collection of wastes based on their type (paper, glass,
plastic, aluminum, metal, wood, organic, etc.)

Number of sanitary land fills

Number of garbage bins

Number of camps promoting separation of wastes from the origin

The amount of fine for illegal disposal of wastes

Water

Water resources

Water consumption per capita

Household consumption per capi

Consumption per capita (household, industrial, agricultural,
commercial, etc.)

Environmental management of
water

Number of sewage treatment facilities

% of sewage network subscribers

Demographic
land
information

Public indicators

Lands across tie urban area

Population density

Number of housing units
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4. TEHRAN MUNICIPALITY DISTRICT 14. SOME ENVIRONMENTALACTIVITIES TOWARD SUSTAINABILITY
AND RESILIENCY

District 14 has an area of 22.04 kmAT A EO 11T AAOGAA ET OEA AAOOAOT b
which is a megacity, and covers about 3.2% of its area. A small district with high population density,
District 14 has 6 regions and 26 neighborhoods witta population of 483,833. Figl shows the
location of District 14 alongsidethe other districts in Tehran [16].
The following is a brief description of District 14 activities during the 2009z 2014 period that
were reviewed and the status with respect to each environmental criterion was determined.

District 14

Figure 1: Location of District 14 in Tehra#t EQU8 O | O1 EAEDPAI AEOEOEI 1 08

4.1. EnvironmentalProtection

District 14 of Tehran Municipality has conducted measurements for air, ground water, and
noise pollutants which were afterwards managed and mitigated accordingly. These actions have
been in line with the conservation of the environment. The status of the district in terms of air,
noise and ground water pollution and the managerial actions are explained below; these studies
started in 2011.

4.1.1 Air pollution in District 14

Air pollution is a serious prablem in megacity of Tehran. Due to lack of proper and modernized
model of urbanization, high concentration of population, and heavy traffic, District 14 is one of the
polluted districts of Tehran. So with the goal of air pollution reduction, District 14 deeloped a
crisis map of air pollution in 2011. To this end, a lengthy study at 25 selected monitoring stations
was conducted; PMspollutants were measured at the aforesaid stations during the second week of
the second month of the season for three dayi 24 hours. The results indicate that District 14 has
PM.s concentrations above the permissible standards of the Iranian Department of the
Environment during every season [16]. Since the air pollution is above the permissible limits,
actions were taken b mitigate pollution and improve air quality of the district in recent years as a
priority in its urban planning. Amongst these actions were the use of less polluting vehicles and
regular technical inspection, promotion of the use of bicycles in order toeduce fossil fuel
consumption, and emphasis on development of green spaces to reduce air pollutidrig. 2
illustrates a typical distribution of PM. s pollution in District 14.
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Figure 2: Asample of PMsdistributing in District 14 [16].

4.1.2 Noisepollution in District 14

The measurement of noise pollutants in District 14 was conducted in 2011 and specific steps
are envisioned to reduce noise pollutionuntil 2014. Thus, 91 stations were selected and noise
equivalent levels were measured three time®n Saturdays to Wednesdays in the morning ¢9),
noon (12-3) and afternoon (5-8). Based on the results of this research, noise equivalent levels in all
stations were &ove the permissible standards [17. Due to high levels of noise pollution, some
recommended measures for control and mitigation were ption the district agenda. Fig3 illustrates
the recommended steps. Some of these actions included increasing the highway green spaces
through plantation a dense combination of broad leaf and needle leaf vegéibn, construction of
noise absorbing levees covered with vegetation, and use of acoustic walls based on technical
specifications and proper density which isshown with dark lines in Fig.3. Also, some of the streets
were widened that are indicated with red lines inFig.3.

With respect to the potential impacts of high noise levels on certain residential areas,
engineering measures are being implemented during building construction which include the use of
double-layered windows, thick glass, insulation 6 walls bordering two neighboring buildings,
insulation of ceilings and floors, and the use of noise absorbing building materials. All of these
measures are being implemented in this district to mitigate noise pollution.
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Figure 3: Recommended actions tmitigate noise pollution in District 14 [17].

4.1.3 Groundwater contamination in District 14

Since the use of ground water for various consumptions was on District 14 agenda, as an
environmental concern, the assessment of water pollution and preventionf its contamination
were essential. Sampling of 16 wellsKig. 4 shows the well locations), which are managed by the
municipality and used for green spaces irrigation, was conducted in order to identify the qualitative
status of ground waters and the faors threatening its quality. The measured factors were physical
parameters (temperature, color, and odor), chemical parameters (pH, EC, TSS, TDS), anions,(NO
NG;, Cl, S@Q CQ, HCQ), cations (Mg, K, Na), heavy metals (Pb, Ag, Cd,) and MTBE. Compan$on
the 19 measured parameters with the standard levels (the chemical parameters and the anion
concentrations were compared with FAO standards, the heavy metal concentrations were
compared with Australian Water Quality Guidelines) revealed these wells wersuitable for
agricultural purposes and most of them were within the acceptetimits. Useof wells for irrigation
is not problematic and based on the Wilcox classification, elong to the medium category [18
Reduction in use of pesticides, chemical falizers, as well as practicing environmental protection
measures throughout painting and washing of urban structures are on the agenda of the
municipality. Comparison of ground water measured values with international standards showed
that all of the parameters were within standard limits; Table 4 lists concentration data and
acceptable limits for dissolved ions measured in ground water in this district.

TABLE4: MINIMUM, MAXIMUM AND AVERAGEISSOLVED ION CONCERATIONS IN GROUNDAWVER IN THE REGIOKL8].

Analysis N,'\Itg_e NOr  sQ2M car  HCor ct Na* K* Mg?*
Parameter (mglL (mg/L) (meg/L) (meg/L) (meg/L) (meg/L) (meg/L) (meg/L) (meg/L)

Average 5.5 0.26 2.69 0 4.85 4.23 5.87 0.055 2.25
Maximum 15.2 3.1 5.95 0 6.96 9.94 12.21 0.117 2.95
Minimum 1.7 0.06 1.66 0 2.95 2.99 3.08 0.033 1.63
Median 5.2 0.06 2.35 0 4.91 3.97 4.95 0.049 2.21
Acceptable max}te] 10 5 20 1 10 30 40 0.051 5

Acceptable min /29 0 0 0 0 0 0 0 0 0
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Figure 4: Location of groundwater sampling wells in District 14 [18].

4.2. Protection andExpansion oiGreenSace

The green space ara of District 14 has increased from 2,430,000 #in 2009 to 2,857,600 n%in
2014. Also, the nearby Forest called GhasrFirouzeh has been expanded from 355 hectares in
2009 to 369 hectares in 2014. Although the green landscape expansion is considerabtel ahe
district appreciates a suitable status in this regard, there is still potential to expand and reclaim
more land. With the aid of proper planning, the green space per capita in the district could reach
more than 6.08 square meters in the future.

4.3. OptimizedUse ofResources

Steps taken in District 14 to optimize resource use include utilizing sustainable energies,
reducing social waste and recycling techniques starting from the collection locations. The lack of
optimized use of rain water and local wagr resources and lack of ability to suitably exploit solar
and wind energies are the deficiencies in this field. Certain measures are to be made to attain the
optimized use of resources and energy. The overall measures taken by District 14 of Tehran
Municipality in regard to the environmental criteria are listed in Table 5.

According to the present study it is indicated that the status of environmental criteria such as
Environmental conservation, expansion of green land space and optimal use of resourcesdaeen
improved up to 2 times from 2009 to 2014.
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TABLES: ENVIRONMENTAL CRITERIAS THE CITY RESENCE INDEX AND ACTNS BYTEHRANMUNICIPALITYDISTRICT14.

Classification  Criteria Actions taken by Tehran Municipality District 14

Attainment of ISO 14001 certificate in 2009 and its extension for 5
consecutive years
Study the pollution sources (airz ground water and noise pollutions)
and existing pollutions in the region, eventually provide an action plan
to remove or control them
Conservation Expand the green landscape from 2430000 #in 2009 to 2857600 n?
and expansion of in 2014, expansion of Ghasee- Firouzeh Forest from 355 hectares in
green landscape 2009 to 369 hectares in 2014
Use of renewable energies like solar through installation of 7 solar
water heaters and 64 solar light stands in parks
Optimal use of Use of local water resources and wells for the irrigation of green
resources spaces.
Increase the separation and recycling of urban vees from 19.15% to
22.1% with potential for future activities.

Environmental
conservation

Environmental

5. CONCLUSION FOR THATTAINMENT OFRESILIENTQOTY AND SAFEENVIRONMENT

In order to reduce the cost of urbanization, it is essential to coordinate the implementation of
the mentioned steps with the relevant organizations. Megacities require natural and human
resources to provide energy, industry, construction, urban infrastructures and maintenance, in a
scale that will have local and global impacts or in other words, they will have ecologicalotprint.

An accomplished megacity can be recognized in terms of economic production, social justice, and its
biodiversity protection, which taken together indicate a stable megacity that has the potential to
attract more residents. The expansion of citiedhas increased the population density, created
various types of environmental pollutions, raised energy consumption, and produced greater
amounts of waste. Therefore, there has been great environmental impact at local and global levels
that require profound urban management and planning.

This paper evaluated the sustainability and resiliency of Tehran Municipality District 14 from
environmental point of view as a pilot. Outcomes of this research showed that from 2009 to 2014 it
has improved significantly. Ths was achieved by senior management commitment to
environmental conservation, green space development, obtaining ISO 14001 as well as HSE
management system certificates, conduction of detailed studies on different aspects of environment
such as air, noiseand water, etc. then taking the measures to mitigate the diverse effects of
environmental pollution and setting an annual environmental auditing program.

The activities as indicated in this paper by the authorities of municipality of Tehran District 14
indicated their tendency to move towards resiliency and sustainability not only for the safeguard of
the environment but also in other social and economic aspects and resistive to natural disasters.
The study indicated that in spite of some success on thisatter there is still a long way to go in all
different aspects including optimized utilization of water and energy resources. Overall, the
resilient status of District 14 was enhanced during the past fiveyears. Ultimately, benefits of
resilient and sustanable cities will outweigh the initial investments by national and local
governments. The longterm goal is to establish a network of resilient cities.

Although more economic activities results in better individual and collective wellbeing of
citizens, itusually instigates individual, social and environmental tensions. It is important to point
out that economic recessions in large populated areas initiate unemployment, weaken social
cohesion, disturb social security and neglect environmental issues. Sustability of cities requires
public awareness and strong commitment to conduct the envisioned tasks including:
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Development of new plans and/or revision of the present plans
Establishment of new priorities

Utilization of resources for sustainable causes

Cooperation with other legal entities in the regions to attain sustainability [7]

THE SUSTAINABLESOLUTIONS

E R I I e N |

=

Promote the use of alternative energy resources

Construct energy efficient buildings

Use higher energy efficiency vehicles

Take actions to combathe emission of Green House Gases (GHG), especially CO
Recycle water and waste

Utilize vegetation coverage to filter pollution and absorb atmospheric carbon dioxide
Cooperate with governmental institutions and municipalities

Cooperate with higher educaibn institutions and executive organization

Conduct urban repair and maintenance plans

Reduce air pollution caused by urban transportation vehicles

Promote green construction and sale

Take actions to mitigate the emission of GHG gases [4]

Decrease the us of pesticides in urban areas

Promote environmental preservation

Encourage use of public transportation

Improve and optimize the transportation infrastructures

Improve and expand the infrastructures of the green city

Participate in the local, national and international meetings and share the attained
experiences with them and eventually join the global network of sustainable cities
Use endemic knowledge alongside the scientific studies in order to find ways to combat the
potential risks by recognizingthe intrinsic value of local know-how
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Abstract

Climate change and human development in lake catchments have placed these habitats in
drying conditions such as Aral Sea in Asia, Lake Chad in Africa, Lake Mead iA,W&ke Urmia, etc.
These ecosystems play an important role in social, ecological and economical activities. In the case
of Lake Urmia, recognized as an international wetland in 1973, it is located at the northwestern
corner of Iran and is the second larggt hyper saline lake in the world and the largest lake in the
Middle East. Lake Urmia is one of the most biologically and ecologically interesting places in the
world. Bacteria, algae and even a shrimp calledrtemia urmiana live in it. This lake is a winer
habitat for various wildlife species. The lake's surface has shrunken from 6,000 Rro 900 kn? in
2013. The statistics indicates the local human population has increased by 13% during this period.
This shows that in addition to natural causes such adimate change and global warming, human
related issues like population growth, urban development, and construction have the most
important role on the lake's status. Construction of 76 dams on rivers leading to the lake has
jeopardized Urmia Lake's life inall economic, social and ecological aspects. This paper presents an
innovative method for quantifying wetland status based on health, safety & loss, and environmental
(HSE) factors, to make preventive measures and bring an acceptable coexistence of lakitls all
their ecological and environmental features anchearby urban areas as sustainable and resilient
cities.

Keywords: Lake Urmia, Drying Out, Urban Development, Resilient City, Wetland HSE Index (WHSEI)

1. INTRODUCTION

Climate change and human developménn lake catchments have placed these habitats in
drying conditions. Prominent examples include the Aral Sea in Asia, Lake Chad in Africa, Lake Mead
in USA, and Lake Urmia in Iran. These ecosystems play an important role in social, ecological and
economical activities and also contribute greatly to human and wild life welbeing by climate
regulation, water supply, water purification, providing nutrition, etc.

The Aral Sea, previously the fourth largest lake in the world, is located between Kazakhstan in
the north and Uzbekistan in the soutt1]. In the 1950s, the Soviet Union decided to increase cotton
production by implementing considerable irrigation projects[2]. This led to a decrease of 23m in
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Lake Urmia water level, a 90% reduction in lake volume and an increase in salinity from 10 g/l to
more than 100 g/l; overall, it caused negative changes in human health, ecology, economy and
society[3].

Lake Chad, which is th largest freshwater lake of Africa, is a vital source of water nedine
Sahara Desert, and holds a large area of wetlands with significant size and ecological valdés
Droughts in the past three decades have reduced the kaky 90% which has resulted in decreased
groundwater level, disappearance of specific plant species, loss of wildlife populations, increased
soil erosion and loss of its fertility, and reduction in rain fed and irrigated crop§s].

Lake Mead is the largest reservoir in the United States and is a national recreation area with
substantial biodiversity. Human development activities have caused considerable diverse impacts
on the region economy and wildlife[6] .

As it was mentioned, wetland shrinkage or disappearance has a growing trend. Lake Urmia in
the northwestern part of Iran has had a similar trend and is the motive behind the definition of
Wetland HSE Index (WHSEI) that is proposed and discussed tims paper. This index can be
implemented for any wetland globally.

2. CASE OFURMIA

Urmia Lake is second largest hyper saline lake in the world which has an active food chain. It
supports green and bluegreen algae that nourishes the endemic brine shrimp\rtemia urmiana
that has an important part in feedingPelecanus onocrotalysEgretta garzetta, Plegadis falcinellus
Platalea leucorodia Phoenicopterus ruberTadorna ferrugineg Tadorna, Himantopus Recurvirostra
avosettg Tringa tetanus Larus cachinnansrmenicus Larus genej etc [7,8,9].

There are around 102 rocky Islands in the lake which create a winter habitat for migrating
water birds to feed and breed. They are also home to endangered mammals such Dma
mesopotamicaand Ovis orientalis gmelini The lake is also valuable in terms of tourism and
therapeutic benefit because of its salinity. Urmia Lake is an important natural asset, with
considerable cultural, economic, aesthetic, recreational, scientific, conservation and ecological
value. It has leen declared as a Wetland of International Importance in the Ramsar Convention and
in 1976 UNESCO designated it as a Biosphere Resdérd 1].

Prime geographical and climate specifications of Urmia Lake are shown in Tablésand 2
respectively. Many of tlese parameters have decreased due to climate change and human activities
[12].

Wetlands features contribute to human welfare, which makes them vital ecosystems not only
for wildlife but also for mankind; in the case of Lake Urim, it provides salt production, food for
animals, Artemia harvesting, ground water salinity control, wateibird habitat, therapeutically used
herbs, hunting, tourism, recreation, etc. Urmia basin is surrounded by mountains, foothills and
savannas dividedbetween three provinces: 51% West Azerbaijan, 39% East Azerbaijan and 10%
Kurdistan provinces[9,13,14]8 4 EAOA AOA 11 OA OEAT wuvuv AEOEAO
catchment and around 6 million people live in this area; most of them are farmers amdnchers
[12,14]. More than 76 dams on rivers leading to the lake are collecting about 2,068 million cubic
meters of water per year from the catchment; 88.9% of this water is used for agricultural purposes
[14]. The surface eleation of Lake Urmia has declined significantly, falling almost 7 meters
compared to previous years and the water volume has decreased from 42 million cubic meters in
1995 to 22 million cubic meters in 2010[8] .
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TABLEL: URMIALAKE PRIME GEOGRARIAL SPECIFICATIONS

Title

Description

Geographical coordinates

36, 45-38, 20 Nz 44, 50- 46, 10 E

Area 5,000-6,000 km?
Length 130-146 km
Width 15-58 km
Altitude 1,276 m. amsl

The average water volume

32 million cubic meters

North Basin Aras river

South Basin Sefidrod & SirvanRivers
West Basin ZabRiver

East Basin Sefidrod River

Zarineh rod, Simineh rod, Godar chai, Aji chai,
Barandazo chai, Nazlou chai, Shahr chai, Zola chai,
Sofi chai, Azashahr, leilan chai, Mardogh chai, Ghale
chai, Mahabad chaktc.

Kabodan National Park, Ashk, Azro and Espiro

Rivers leading into the lake

Most important islands

TABLEZ2: PRIME CLIMATE SPECIEATIONS

Parameter Description

Basin precipitation Mediterranean and in some areas of thlike-Mediterranean

Average rainfall 317 mm

Average annual temperature From 11 to 13 °C

Average humidity during the cold months 63 %

Semihumid, with cold winters and mild summers and semirid

Climate
central area

The present state of Urmia Lakes the result of global climate change, increased evaporation,
development of nonmechanized agriculture in the Lake Catchment, surface flow diversions,
groundwater extraction, lack of efficient water mamgement, dams in the watershedind the Shahid
Kalantary causeway which crosses the Lake.

Lake Urmia holds an estimated 8 million metric tons of salf9]. Input efficiency caused an
increase in the amount of salt in its 40 years average which resulted in huge salt deposits.hié t
lake were to completely dry out, a vast amount of salt in form of particulate matter would be
released into the regional atmosphere resulting in an ecological, agricultural, and social catastrophe
not only in Iran, but also in neighboring countries suls as Azerbaijan, Turkey and Irag. It will force
many people to abandon their villages and towns around the lake and the immense majority of flora
and fauna will be lost permanently{11].

These changes jeopardized Urmia Lake'sfd which designates that even though urban
development has aimed toward welfare of citizens, but in long term the consequences of these
actions could result in unpredictable negative impacts.
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2.1. Aftermath of Lake Urmia Dryout

Desertification in National Parkof Urmia Lake

Threatening farmlands around the Lake

Loss of income security for the catchment population

Urmia Islands Wildlife threatened

Loss of valuable and rare source of Artemia in Urmia

Decline in the number of local and migratory birds Branch
Jeoprdizing tourism economy in the area of Urmia
Disappearance of lake's therapeutic values

Presence of huge amount of salt on the dried lake bed

The potential of salt particular matter spreading all over the region
Loss of biological value of the Lake

Remadning saline water of the lake has become super saturated saline water

= =8 =8 = 8 a8 -8 oa oaon

The critical conditions at Lake Urmia and some other wetlands in the world were an inspiration
to introduce an innovative method for quantifying wetland status using an index based dmealth,
safety & loss, and environmental factors (HSE) to make preventive measures to help promote
resilient cities in the wetland catchments.

3. WETLANDHSEINDEX(WHSEI)

Health, safety & loss, and environmental issues are major concerns for wellbeing of laeds.
This paper introduces some factors to provide certain enabling tools for experts to monitor a
x A Ol Astatisd The quantitative measures of these indices can provide decision makers with
enough information to follow the development progress in a rsilient manner. These factors can be
divided in three categories: health, safety & loss, and environment: their changes can be followed
regularly (e.g. annually):

3.1. Health Factors

Changes in:

[EEN

. The number of people visiting the lake for treatment and water terapy (%) lwt

2. The number of patients admitted to medical centers for respiratory diseases associated with
changes in wetland status (%)q

3. The number of patients admitted to medical centers for skin diseases related with changes in
wetland status (%) lsq

4. The number of patients admitted to medical centers for eye diseases associated with changes in
wetland status (%) leq

5. The number of patients admitted to medical centers with diseases related to heavy metals in
consumed salt (%)lnm

6. The number of patientsadmitted to medical centers for thyroid gland diseases (%4

3.2. Safety & Loss Factors

Changes in:

1. Recreation activities revenue (%) ihc

2. The cost of producing Agricultural yields (%) dgr

3. Tonnage of agriculture products (%)

4. The related health care costssuch as respiratory and skin problems (%)e
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5. Immigration rate as a result of changes in wetland status (%3l

3.3. Environmental Factors

Changes in:

Regional climate due to humidity level variations of the wetland (%)l
Regional climate due to precipitationvariations (%)l

Regional climate due to temperature changes in wetland catchment (%)l
Biodiversity (wildlife, birds, fish, vegetation, etc. population) (%) b
Physical status of the wetlands (%)ilbs: Total Dissolved Solid

Chemical status of the wetland (%)lpo: pissolved Oxygen

Wetland water pH (%0)lon

Temperature of wetland water (%)

Groundwater quality of the catchment (according to local standards) (Yo}
10 Area of land under cultivation (%)}

11. Soil quality of the catchment (%)l

12. Air Quality Risk Index (%)laori[15]

To evaluate the Wetland HSE Index (WHSEI), the following steps should be taken:

©CONAWNE

I. Identifying existing status for all defined factors of the wetland.
Il. Setting an auditing program, in order to monitor change of the selected factors on annual basis.
[ll. Executing necessary actions to keep these factors within a satisfactory range.

3.4. Calculation of WHSEI

Each of the factorsis quantified according to A @D A @idiénd and the regional standards
definition. Scoringis basedon therange of acceptable 10 (green), moderate 5 (yellow) and critical O
(red); values are then compiledand summed as shown in Table.3

TABLE3: WHSEIEVALUATION TABLE

Acceptable  Moderate  Critical

(10) (5) ©)

Code Factors

1 It

2 lrd

3 I'sd

21 lic

22 Isq

23 [AQrI

Sum of factors Na Nm N

According to equation (1), total scores will be recorded. The sum of total scores will be divided
by number of measured paramters then results will be multiplied by 10 (in equation 2) to obtain
an accumulated range number for Wetland Health, Safety & loss, and Environment Index (WHSEI).

Ne=10 NR+5 NF, +0 Nk 1)
t & NR+NFR+NFR
Where:
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4.

Ne: Number of Factors

NFz: Number of Acceptable Factors
NFy: Number of Moderate Factors
NF: Number of Critical Factors

t & The sum of Factors Score

0
G0 & IDEYDE QBOYOOx— pT ()

Accading to results of the WHSEI, the status of the wetland can be estimated (Table 4).

TABLE4: INDEX EVALUATION

Score WHSEI
Acceptable (A) 75 to 100
Moderate (M) 40to <75
Critical (C) Oto<40

RESULTS ANORECOMMENDATIONS

Resiliency for cities in cé&chment areas will not be achieved if bilateral effects of human

development and lakes or wetlands wellbeing are not taken seriously; WHSEI can be used to make
these activities to be in accordance with sustainable and resilient concepts.

Implementation of the Wetland HSE Index can assist decision makers and authorities in several

ways including:

1 The general status of wetland will be determined.
1 Factors threatening the wetland will be identified by degree of importance.
1 With the knowledge of WHSEI status the will be comprehensive information on wetland
catchment which can be used for EIA (Environmental Impact Assessment) and other related
activities for executing any development projects.
9 WHSEI can be used as a tool to find the status of each factor witkiimee categories of A, M, and
C which as a result will encourage decision makers to take the improving steps.
9 WHSEI can help to introduce new means for development plan on the catchment area with least
diverse effects on the human health and the environmén
1 Implementing WHSEI and other indices like Air Quality Risk Index, etc. can be used as tools for
comparative survey of cities' resiliency at national or international levels.
1 WHSEI can be implemented for any lake or wetland around the world which will rable
authorities to audit the wellbeing of these water bodies.
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Abstract

This paper will provide a summary of both the progress and the related challenges in the field
of water management in a changing climate. Among the issues discussed will be the strength and
limitations of remote-sensing observations, downscaled modeling products, assimilated and-re
analysis information. Furthermore, the authors encourage further discussn about the recent
proposed strategies to advance the development and application of hydroclimatological models for
water management in a changing climate.

Keywords:

1. INTRODUCTION

The need for more efficient use and effective management of water regges is a critical global
issue facing the 2% century. At least three factors place special stresses and additional
uncertainties on water resources planning, development and system operation strategies. First,
rapid population growth is occurring in many regions of the developing world. Second, growth in
economic prosperity and access to modern amenities over the last few decades has impacted per
capita water consumption rates and shifted demands in most regions, especially in countries that
have experienced rapid population growth and urbanization. Third, complication arises from the
additional regional uncertainty resulting from global climate change and the resulting
intensification of the hydrologic cycle and occurrence of more hydrologic extremes (gere floods
and droughts). The key issue in managing water resources is to have reliable information. In the
next few sections, after reviewing the recent hydroclimatological observations and conditions over
Iran in the past several decades, we introduceome of the commonly used hydroclimate related
data and models, the gaps and shortcomings of observations and forecasts are presented. Finally,
suggestions for increasing the resiliency of the system are discussed.
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2. REVIEW OF THEHYDROCLIMATOLOGICAIOBSER\ATIONS ANDANALYSISOVERIRAN

Over the past several decades the Middle East region including Iran has experienced more
sustained drought conditions.Fig. 1 represents the drought analysis over the Northwestern and
Southeastern Iran covering the period of 248-2010 by Dai [1,2] of the National Center for
Atmospheric Research (NCAR) in Boulder Colorado. The graph represents a historical account of
the meteorological conditions based on the Palmer Drought Index (PDI). As evident from the figure,
the drought conditions seem to have been relatively more persistent and largest since 1948 in most
of the region.
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Figure 1: Palmer Drought Index analysis for the period 192810 for Northwestern (top right) and
Southeastern (bottom right) Iran.

PERSIANN rain rate estimates for Urumis (27.42N , 45.19 E) for 2000 to 2012
T T T T T T T T T T T T

o
=
g =}
é o
Ew
£
B
=z ®
z.
. &
w oy
£ / »
Beoina { Afghanistat o
! o (
s, Ny time (month)
Iran
{ 44
)
Basiah )
s
Kiwelt] i PERSIANN rain rste estimates for Hamun (20.77 N, 81.84 E) for 2000 to 2012
T T T T T T T T T T T T

Saudi °7
Arabia

*Image from Google Maps

T Ly S A L

PERSIANN minrate (mmimorth)
3 8 8 5 8 8 4 8 8 8

201 202 2003 204 2005 2006 200 2008 2009 D10 2011 2012 2013

Figure 2: Satelte Precipitation Estimates from PERSIANSYstem 2000-2013) for Northwestern (top right)
and Southeastern (bottom right) Iran.
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Fig. 2 shows the histogram of monthly precipitation estimates from remotely sensed
observation based on the University of Califoria-Irvine (UCI) PERSIANN System [3], over the
period of 2000-2013 and over the Northwestern and Southeastern Iran. Compared to the average
long-term historical precipitation information over these regions, it is evident that past decades
precipitation amounts are below what would be expected as normal.

3. GAPS INOBSERVATIONS ANIMONITORING

To be responsive to the need for more effective tools to address hydrologic hazards and manage
water resources systems, engineers and scientists have become more reliaom the use of
predictive models and stochastic methods. Depending on the problem, the hydrometeorological
information needed may range from hourly forecasts (i.e., in the case of flash floods) to seasonal to
inter-annual (i.e., in the case of reservoirsral other water resources system operations), and to
decadal to century (i.e., in the case of long range water supply planning and structural designs).

Responding to the desired timescale and spatial resolution, varieties of mathematical models
have beendeveloped and are continuously being refined. Regional climate models are used with
longer time scales, ranging from seasons to decades while information from Numerical Weather
Prediction (NWP) models are often employed to help with shorter time scale fecasts (days to
weeks). On the daily to seasonal forecast, the International Research Institute (IRI) for Climate and
Society provides a real time multimodel probability seasonal forecast dataset available online
(http://iri.columbia.edu/our -expertise/cli mate/forecasts/seasonakclimate-forecasts/). This model
demonstrates the probability of precipitation above normal or below normal and also validation
maps for past events that shows the regional performance of their model.

Considering the long term waterresource management, the future projections of global climate
models are available to the community. Based on the recommendations of the Intergovernmental
Panel on Climate Change (IPCC), the general circulation model (GCM) data are available in different
concentration trajectories (Representative Concentration Pathways, RCPs) ranging from
stabilization to mitigation and baseline emission scenarios [4]. Commonly, a set of future
projections based on climate model simulations will be considered to account fancertainty in the
models and predictions.The GCMs are usually available in coarse resolution and therefore, the
majority of regional hydrometeorological models rely on downscaling of these coarse resolution
datasets. The downscaled outputs of such modehre then used as input to hydrologic models for a
variety of applications, including flood forecasting. While there is a rich body of literature reporting
IT DPOIT COAOO OAlI AGAAAIOAG AATGEANO BioRIAKEMNOG 1 1 CEA DOAA
challenges face the research community attempting to extend the lediine and accuracy of both
types of predictions. More specifically, despite the progress in each of the three pillars (models,
observations and parameterization) of hydrometeorological predictbn system over the past
several decades, the improvements in the overall forecast quality is yet to reach the users
expectations.

One of the issues related to GCMs is that the agreement between different models on future
trends of precipitation is not very strong in many regions of the world.Fig.3 presents an example
of discrepancies among four different model simulations (CNRIMZM5, CSIRDIL-3.6.0, GISE2-R,
HadGEMZ2ES). The figure shows the rate of decadal precipitation change (mm/month/decade)
based onthe RCP2.6 scenario by 2100 over the Middle East is not consistent among different
models. While the French GCM (CAM5) projects more rain over the region, the Australian and
U.K. models demonstrate a drying pattern over most parts of the area. The GEESR model
displays a wetting trend on the eastern side and drying trend on the western part of Iran. These
discrepancies among different models and the lack of reference points to assess the skills of future
predictions are real challenges that the manageent community faces.
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Figure 3: Rate of change of precipitation (mm/month/decade) in 4 different GCM models over the Middle East
based on the RCP2.6 scenario.

4. SOLUTIONS TAOMPROVESCIENCECOMMUNITY, DECISIONMAKERS USERS ANICSTAKEHOLDERS

The best approach to understand the future changes of our system is to identify the best models
that have better agreements with current and historical observation data. Measuring precipitation
from space has been a very promising approach to providdgh resolution data over large regions
and also over the oceans. The TRMM Mulatellite Precipitation Analysis (TMPA)[5], the NOAA
CPC Morphing Technigue (CMORPH) [6], the Precipitation Estimation from Remotely Sensed
Information using Artificial Neural Networks (PERSIANN) algorithm 3,7], and PERSIANN cloud
classification system (PERSIANICCS [8] are some of the different near realtime precipitation
products that are very useful in hydrometeorological studies.

In addition to near reaktime precipitation data, long term historical data are also very valuable
in assessing the climatology of the region. The PERSIANIDR dataset [P (available from
http://www.ncdc.noaa.gov/cdr/operationalcdrs.html) provides a long term high resolution (0.25
degree) dailyscale precipitation data available from 1980. This unique satellite based precipitation
data is very valuable especially over remote or data sparse regions. With a greater focus on extreme
events, the PERSIANKCONNected precipitation object (PERSIANN CONGBIB [10] dataset
facilitates a search platform to look at the changes of characteristics and also path of all heavy
storms globally. The users can search the objects that pass through a geographic region of interest
and find all the storms in the region. fie data that is currently populating the objectoriented
database is the nearly global precipitation estimated by the PERSIANN algorithm for the period 1st
March 2000 to 1st January 2011, hourly, 0.28egree resolution. The database is publically
available and <can be searched using simple web search queries through:
http://chrs.web.uci.edu/research/voxel/index.html.
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The above mentioned datasets are just a subset of global observations that are available to the
community. The future satellite missions, as weas recently launched NASA Global Precipitation
Measurement (GPM) mission, will provide additional datasets that help us to better understand the
current state of the weather and climate systems [11].

In addition to all these different datasets, the trditional statistical methods with probabilistic
approach are a good alternative that can be used to evaluate the system based on historical data.
Fig. 4shows an example of a probabilistic model that demonstrates the trend in precipitation or
runoff observations (e.g. wetting or drying) to the hydrologic variability (e.g. magnitude, severity,
duration). These types of traditional probabilistic models are useful tools while considering the
variability and changes in the systems and make decisions based orethncertainty of the system
and the risk level.
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Figure 4: A probabilistic model representing the changes in the discharge and return period based on different
hydrologic scenarios.

Population growth, climate variability, increase in water consumption and urbanization are
some of the factors that increase future water use. Meeting water needs of large urban areas
requires taking advantage of all the available resources. Water recycling is one of the options to
provide clean water and may communities are moving toward using recycled water. One of the
very successful cases of using recycled water is Orange County, California. Recent droughts,
snowpack reduction and high water demand in the area are some of the challenges that Southern
CaE £ O1T EA EAAAOG8 |/ OAT CA #1 O1 OUBO ' OI O1T AxAOAO 2ADPI £
increasing the resiliency of the system. GWR has been operating since 2008 with an average
production of ~60 million gallons per day (mgd). Reusing treated wastewat is a reliable source of
water that can be used for groundwater recharge as well as other purposes.

5. CONCLUSION

Presently, the accuracy of Hydroclimate model predictions falls short of meeting the
requirements of water resources planning. By consideringifferent projections of future changes in
climate, or using different global climate models, one can estimate the projection of the future
changes in the hydroclimate variables. However, various models do not necessarily agree with each
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other in their trend and variability on regional scales. These differences among models and
concentration scenarios make it very challenging for decision makers and water resource

i ATACAOO8 4EAOAME OAh ZEAAOQI OET ¢ ET OAOEI EA&IIKRU EI
the safest approach. Building reservoir to control floods and store water for dry periods, also
transferring water from reservoirs to water scarce regions are some of the engineering solutions to
mitigate water resource risks and challenges. More®r, meeting water needs of urban areas
requires consideration of all possible sources and their conjunctive use. Recycling and reuse of
wastewater generated by urban areas must be part of the planning process technological
advances make this feasible there is a will to do it.
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Abstract

Cities adapting to population growth, climate change, and other societaihglevant pressures
face challenges associated with both local and transported air pollution that impact public health
and welfare, visiblity, regional climate, and the spatiotemporal distribution of precipitation.
Tehran, Iran represents a metropolitan area vulnerable to these changes with fegaching effects
rooted in emissions of gases and particulate matter with unknown spatiotemporaprofiles,
physicochemical properties, and impacts on over 12 million inhabitants. We examined multiple
data sources to build a decadal climatology of particulate matter characteristics in this region. The
use of satellite remote sensing data in combinatio with surface measurements and transport
modeling clearly illustrate the far-reaching effects of dust and also transported biomass burning
pollution from upwind regions superimposed on significant local emissions within the city. The
effects of a shallowe boundary layer in the winter, weekdayweekend differences in human
activity, and precipitation are explored and point to importance of considering temporal patterns in
air pollution. These results have major implications for the future sustainability andvell-being of
this and other megacities.

Keywords: Aerosol, Clouds, Precipitation, Tehran
1. INTRODUCTION

According to the United States Environmental Protection Agency (EPA), the goal of sustainability
EO O OAOAAOGA AT A 1 AET OA mhs antlinhtukeEclrE éxibt hproddittiveA O x EE
harmony, that permit fulfilling the social, economic, and other requirements of present and future
CAT AOAOGEI T 0806 I O AEOEAO AopAOEAT AA DI POI AGETT ¢OI
of emissions fram natural and anthropogenic sources will change and impact city sustainability from
the perspective of aerosol (i.e. particulate matter) effects on public health, air quality, climate, and the
hydrologic cycle. Particulate matter has been extensively momwited in several major urban centers of
the world such as Beijing, Mexico City, and Los Angeles, but one area that has received
disproportionately less attention is the arid Middle East. Crosbie et al. [1] recently conducted an
extensive characterization ofair pollution in the greater Tehran area, and the discussion hereinafter
is adopted from that work.
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The capital city of Iran is Tehran Fig. 1) and the metropolitan area covers an area over 2,300
square kilometers in the northern part of the country. Thepopulation of the Tehran metropolitan
area has grown from 11.3 million in 2006 to 12.2 million in 2011 (United Nations Population Fund;
http://iran.unfpa.org/). Air pollution problems are exacerbated in this major metropolitan area due
to surrounding mountains, which extend to over 5000 m and inhibit ventilation of pollutants,
especially during wintertime. The Alborz Mountains provide a more prominent meteorological
barrier to many other urban regions, which suffer topographical blockage in the presence af
subsidence inversion (e.g., San Gabriel and San Bernardino Mountains/Los Angeles, Wasach
Mountains/Salt Lake City and Cordillera Neovolcanica/Mexico City). The growing population and
extensive anthropogenic emissions result in major air quality issues ahuncertain effects on the
OACEIT60 1 EAOT Al EIi AOGA AT A EUAOITI T GCEAAI AUA{ As8
term trend in visibility reduction and suggest that worsening air quality is attributable to emissions
rather than meteorologicd factors [2]. Vehicular emissions are of particular concern in the region
owing to more than two million vehicles, many of which are more than two decades old [3]. Dust has a
substantial impact on the region owing to internal sources [46], including numerous dry lakes (e.g.,
Hamun-e Jaz Murian, Hamui+rMashkel, Daryachehye Mamak) and the larger Dashe Kavir Desert,
and external sources due to its location near the Arabian Peninsula to the south and the Euphrates
and Tigris Basins to the west [89]. PMy concentrations in parts of Iran can reach more than 5
I C 2'F which consequentlycontribute to enhanced mortality [8]. It was reported that in the city of
Zanjan, just to the northeast of Tehran, the dominant aerosol type was dust and that only 20% of all
particles were smaller than 1um [10]. Dust has also been shown to be more abundant in parts of Iran
during spring and summer, while motor vehicles are more influential during fall and winter and
during weekdays [11].

Figure 1: Geographic locations ahe groundbased meteorological monitoring stations.

Owing to limited surface measurements of particulate matter in the Tehran metropolitan area,
satellite remote sensing data are highly valuable in examining spatiotemporal patterns of air
pollution in this area [12]. Concerted efforts to combine satellite data with available surface
measurements, air mass backrajectory data, and chemical transport model results do not exist for
the Tehran area and its surroundings, a fact that motivates the current stydThe goal of this work
is to report a multi-year (2000z2009) aerosol characterization for metropolitan Tehran and
surrounding areas with an aim to extend upon previous studies examining air pollution
characteristics in Iran. This work addresses the follwing questions: (i) what are monthly trends in
aerosolrelated parameters and others that potentially influence them such as meteorology and air
mass source regions?; (i) What is the role of precipitation in modulating aerosotlated
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