N\

International Institute of
Earthquake Engineering and Seismology

Proposing a New Model for Improving
Resilience of the Neighborhoods to
Earthquake, with Special View on Capacity
Building for Disaster Management

Kambod Amini Hosseini
Associate Professor, Risk Management Research Center
kamini@iiees.ac.ir

Alireza Fallahi, Fereshteh Aslani

Many studies have been carried out on resilience during
the recent years, all showing that improving resilience,
as a multidimensional approach, have effective impacts
on reducing the consequences of natural disasters and
promoting the sustainability of settlements. In this project,
different dimensions of earthquake resilience have been
studied in order to develop appropriate framework and
model for assessment the resilience at neighborhood level,
with special focus on physical and social parameters.
Accordingly, different criteria such as identity, place
attachment, cultural commonalities as well as many physical
parameters have been studied and their contributions on
resilience were assessed and integrated in order to address
the neighborhood’s resilience against earthquakes. Then,
considering the interactions and the impacts of physical
and social dimensions on each other, a framework for
resilience assessment was developed. For this purpose,
interdisciplinary and hybrid approach were utilized,
integrating both quantitative and qualitative parameters, as
shown in Figure (1).

In order to evaluate the resilience of the neighborhood,
several tools including GIS, AHP, CAD, SPSS, Likert,
Expert Choice and Spider Graph can be used. Some
indicators can be presented as a map or an information layer
using GIS. Accordingly, the required analytical maps should
be prepared in accordance with the inferred indicators in GIS
software. After preparing analytical maps, the information
layers are classified into five levels, very low to very high,
with a value of zero to one, and the fuzzy function is used
to standardize and overlap the layers. Then the weight of
the layers is multiplied by the standard indicators and after
overlapping the maps, the balanced layers are calculated.
Using the capabilities of GIS software as well as the fuzzy
function to overlap the information layers, the final map of
the neighborhood resilience to earthquakes is prepared in
five levels: very low, low, medium, high and very high.

In this project, a multi-level model for assessment of
the resilience is also developed, called the spiral model.
This starts with a specific goal and moves towards a more
resilient neighborhood. The proposed model includes
adaptive cycles and infinite loops including evolutionary
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and changing patterns. It considers resilience as a gradual
process, not just a product or outcome. Each layer of the
spiral model introduces five levels of resilience development,
which are “conceptual framework”, “field survey”,
“resilience assessment”, “analysis and decision making”
and “implementation and monitoring”. In this hybrid
model, physical resilience (quantitative criteria) and social
resilience (qualitative criteria) are evaluated simultaneously,
Figures (2 and 3).

In order to validate the spiral model, Keshavarz
neighborhood located in district 6 of Tehran was selected as
a case study and the model was tested. Using the proposed
model, it shows a relatively high level of physical resilience
andalow level of social resilience of the neighborhood against
earthquakes. Existence of floating population due to multiple
medical, educational, administrative and commercial land-
uses with over-regional scale, loss of identity and sense of
place attachment, weakened neighborhood relations, loss
of local communities, disappearance of the vitality and
ignoring the social capital are the main reasons for the low
level of social resilience in the neighborhood.

Based on the information layers, resilience graph and
final resilience map of the neighborhood, interventions
to improve earthquake risk management in Keshavarz
neighborhood are proposed and their effectiveness is
measured. Some proposed interventions to improve the
resilience of the neighborhood against earthquakes are
renovation and improvement of vulnerable urban fabrics,
aggregation of blocks and fine-grained parcels, widening
of passages, improvement of accessibility, relocation
of a number of land-uses, and creating open and green
spaces. The effectiveness of the proposed solutions is also
evaluated, using the methodology described. It is assumed
that three interventions will be carried out in the short,
mid and long term in the neighborhood. In the first layer
of the spiral model, no interventions are performed and
the resilience level is 0.544. At the micro level, one of the
proposed solutions to improve the resilience of Keshavarz
neighborhood against earthquakes is to reduce non-structural
vulnerabilities. It assumes that this intervention is performed
in the second layer of the model (within 0-3 years), and its
effectiveness is displayed in Figure (4). As shown in the
vertical section of the spiral model in figure 4, in addition to
measuring the effectiveness of the intervention at the micro
level, some interventions have been performed at meso and
macro levels. According to the Figure (4), and assuming
interventions in different layers (layers 1-4), the level of
resilience has increased from 0.544 to 0.724.

Keywords: Physical resilience, Social resilience, Earthquake
risk management, Neighborhood, City
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Spiral model of earthquake resilience
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Figure 2: 3D spiral model of earthquake resilience
improvement
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Figure 4: The effectiveness of the interventions in three micro, meso and macro levels
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