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study, in the first stage, using Moran's | and Getis-Ord Gi* statistics, the spatial relationships of
the implemented renovations were examined. In the next stage, by employing socio-economic and
physical variables, the factors influencing housing renovation were analyzed using logistic
regression, and the probability of housing renovation at the block level was presented spatially.
The results indicate that housing renovation in Bushehr is concentrated in specific neighborhoods
and blocks in a clustered manner compared to other neighborhoods. Furthermore, the type of
ownership and the number of non-apartment units had the highest significance level and a positive
relationship with renovation. Other variables such as proximity to the city center, average number
of floors, and average plot access to the street at the block level had the most influence. In
contrast, variables such as the literacy rate at the block level, employment rate, percentage of

ﬁgﬁgﬁgdgnova“on’ deteriorated buildings in the block, and households per residential unit at the block level had the
Deteriorated fabric, lowest level of significance and importance in housing renovation within the study area. The
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1. Introduction

Since the 1970s, major cities worldwide have faced problems stemming from the deterioration of their urban
fabric. The Industrial Revolution, along with its economic, social, and demographic consequences, led to the
expansion of cities, subsequently impacting human relationships and the environment. The most significant
challenges have affected urban centers with historic districts. Dilapidated areas or historical zones, which were
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once magnificent places, have transformed into degraded areas with numerous problems due to neglect in
recent decades. A major portion of the issues in deteriorated areas is related to quantitative and qualitative
deficiencies in housing. Various historical, cultural, and economic factors have caused a severe decline in the
quantitative and qualitative state of housing in these fabrics. This is despite the fact that housing today is
considered more than just shelter and encompasses all the public services and facilities necessary for human
well-being, requiring relatively long-term and secure tenure for its users.

This research seeks to identify the spatial relationships of renovated buildings in deteriorated urban areas,
alongside the variables influencing them, as well as the prediction of renovation, which is of great importance.
In this regard, in the first stage, the spatial relationships of renovations are examined using Moran’s I index and
Getis-Ord statistics. In the second stage, using socio-economic and physical data, the variables influencing
housing renovation are analyzed with logistic regression, and the probability of housing renovation per block
unit is presented spatially. Spatial analysis of housing renovation in deteriorated urban areas pursues several
objectives. First, this analysis can help identify spatial patterns of development and construction in these
fabrics, providing a better understanding of the distribution of urban spaces and facilities. Also, by examining
spatial data, the needs of residents and existing shortcomings in infrastructure and public services can be
identified. This information allows planners to manage resources optimally and make more informed decisions
regarding renovation and improvement. Other goals include sustainable development, where housing
renovation in these areas creates a livable and suitable space for living and improves the quality of life for
residents. Also, spatial analysis can provide conditions for social participation and strengthen the sense of
belonging and socialization among residents. Finally, by identifying existing risks and challenges, such as the
risk of earthquakes and floods, better solutions can be provided to address these challenges. Overall, this
analysis acts as a key tool for improving living conditions, enhancing urban quality, and optimizing planning in
urban areas.

2. Materials and Methods

A common method for measuring spatial autocorrelation is Moran’s I index. Global Moran’s I (Moran, 1950)
was used as the primary measure of spatial autocorrelation in this study. The values it can take range between -
1 and 1. A value of 1 indicates ideal positive spatial autocorrelation (areas with high or low values cluster
together). A value of -1 indicates ideal negative spatial autocorrelation (a checkerboard pattern). A value of 0
indicates complete spatial randomness (Tu & Xia, 2008). The significance of the values can be determined by
comparing them to a normal distribution. This analysis yields four factors for the observed data: Moran’s |
index, expected values, standard deviation, z-score, and p-value. If the actual value of Moran’s I index is
greater than the expected value, it indicates clustering. If the measured values of Moran’s I index are less than
expected, then there is no clustering. Furthermore, if the p-value is low and the z-score is high, the null
hypothesis is rejected, indicating that the data distribution is clustered (Gorr, 2012). As shown in the following
relationship, Moran’s I can be determined (Ord, 1995). We used the ArcGIS method to obtain the Moran’s 1
index, Z-score, and p-value, which evaluates the significance of the index. These numbers determine whether
the distribution has been clustered, dispersed, or completely random. In terms of geographic correlation or
spatial dependence, this technique allows for testing the existence of global heterogeneity (Getis, 1991). The
accumulation of Moran’s index is spatially used to evaluate the existence of spatial concentrations and clusters
of thorons and to locate their potential positions (Cliff, 1970). Location and feature values are used in the
calculation.

The hot spot analysis method calculates the distribution of points in a specific area (by implementing the global
Moran index, the clustering or randomness of the phenomenon distribution is determined) and can identify
where hot and cold spots exist (in the stage with the help of hot spot analysis and using the z-score obtained in
the Moran index, hot or cold spots can be identified), where a high Gi* value corresponds to a large z-score,
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indicating a hot spot, while a low Gi* value corresponds to a small z-score, meaning a cold spot. This means
that if the measured Gi* values are higher than expected, a hot spot occurs, and also if the measured Gi* values
are less than expected, a cold spot occurs (Gorr, 2012).

Dimensions and variables can influence housing renovation. In this research, these dimensions and variables
are divided into two types: socio-economic and physical. Variables such as household size, households per
housing unit, employment rate, type of ownership, population density, economic value of land, and literacy rate
are socio-economic, and variables such as average street width, percentage of residential land use in the block,
percentage of small parcels in the block, distance from the main street, distance from the city center, share of
non-apartment units, index of location in upper and lower town areas, and the degree of physical deterioration
are in the group of physical variables.

The exploratory regression and generalized linear regression methods are used in Gis to find the best regression
equation from exploratory regression. In this model, the dependent variable is first specified, and then by
adding independent variables, the best regression equation and significant variables that affect the dependent
variable will be identified. In the next step, using generalized regression, in addition to identifying the level of
significance and the regression coefficient of each independent variable, the probability of occurrence of the
dependent variable (housing renovation) is also identified. In the generalized regression model, we defined the
dependent variable as binary zero and one, which is a logistic model. Logistic regression is a special type of
regression model in which the dependent variable is binary and takes the value of zero or one (Mesgari &
Ranjbar, 2012: 3) and is used when the dependent variable is two-sided at the nominal level and is supposed to
predict the existence or absence of an attribute based on a set of independent variables (Mahmoudzadeh &
Khoshrou, 2015: 38).

3. Results and Discussion

Before hot spot analysis was applied, the spatial correlation of renovated buildings in deteriorated
neighborhoods was examined using the global Moran’s 1 index, and the degree of autocorrelation of this
phenomenon was observed at the neighborhood level. As seen in Figure 5, Moran’s spatial autocorrelation in
relation to housing renovation in the deteriorated urban fabric exhibits a clustered pattern. The value of
Moran’s I index in this study in relation to housing renovation in the deteriorated fabric is 0.135, indicating a
clustered distribution. Considering that the Z statistic shows a high score of 9.92, and the P-value is 0.000,
which presents the significance of the index at the 99% level, and based on previous studies, a high Gi* value
corresponds to a large z-score, indicating a hot spot, while a low Gi* value corresponds to a small z-score,
meaning a cold spot. This means that if the measured Gi* values are higher than expected, a hot spot occurs,
and also if the measured Gi* values are less than expected, a cold spot occurs. In this area, the distributions
occurred in a clustered manner.

Factors have contributed to enhancing housing renovation in these blocks compared to other blocks (hot spots
or red spots indicate areas that have a high balance. Blue cold spots indicate low balance. Different shades of
color indicate different degrees of confidence for hot spots and cold spots. The darker the color of the area, the
more certainty is associated with the point). These blocks were mostly located in the eastern Sangy, western
Sangy, Ashouri, Jofreh, Bon Mane, Chaharsad Dastgah neighborhoods, and in Bushehr District 2, including the
Davas, Khajeha, and Makh-e Boland neighborhoods.

To identify the independent variables that affect the dependent variable (housing renovation) within the
deteriorated urban fabric of the city, exploratory regression analysis was used in Gis Pro software. Data from
the latest census (2016) was used. The results show that the type of ownership and the number of non-
apartment units have the highest level of significance and a positive relationship with renovation. The other
variables, in order of their impact, are proximity to the city center, average number of floors, average access of
parcels to the street per block unit, average distance to the main street per block unit, block population density,
average transaction value, percentage of small parcels per block unit, the proportion of residential parcels per
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block unit. The literacy rate per block unit with 2.07% significance, the employment rate with 0.91%
significance, the percentage of dilapidated buildings in the block with 0.83%, and the household per housing
unit in the block level with 0.17% have the lowest level of significance and importance in housing renovation
in the area. By applying exploratory regression, six independent variables-ownership, non-apartment units,
average number of floors, access to the street, transaction value, and proximity to the city center-yield the best
regression equation with the highest Rsqure of 0.24 and the lowest AlICc of 1399.06, which only the desired
variables were used in the geographically weighted regression.

Considering that housing renovation at the block level is one of the main goals of this research, the best
regression model for analyzing this topic is logistic regression; therefore, first, using the generalized linear
regression tool, the type of model is defined as binary, so that renovation is indicated by the number one, and
non-renovation is indicated by the number zero. By applying the model to the variables obtained in the
exploratory regression, the regression coefficient is -1.49, and the regression coefficient of the ownership
variable is 0.04, non-apartment 0.063, proximity to the city center with 0.0001, and transaction value 0.4, all of
which are significant and show a positive relationship with housing renovation, and the variables average floors
with -1.047, street width -0.054- are significant and show a negative relationship with housing renovation in the
deteriorated fabric.

4. Conclusion

In this study, Spatial Autocorrelation has been used to identify spatial patterns and relationships. Spatial
autocorrelation, combining the benefits of spatial correlation statistics and GIS principles and technology,
enables statistical analysis of spatial patterns for evaluation. The results indicate that Moran’s spatial
autocorrelation in relation to housing renovation in the deteriorated urban fabric exhibits a clustered pattern.
The value of Moran’s I index in this study in relation to housing renovation in the deteriorated fabric is 0.135,
indicating a clustered distribution in the study area. The neighborhoods in Bushehr District 1, which include
Sangy Sharghi, Sangy Gharbi, Ashouri, Jofreh, Bon Mane, and Chaharsad Dastgah, are displayed in blue,
indicating low balance, while the neighborhoods in Bushehr District 2, which include Davas, Khajeha, and
Makh-e Boland, are shown in red, indicating hot spots (high number of housing renovations per block unit). In
this study, exploratory regression analysis has been used to identify the independent variables that affect the
dependent variable, which is housing renovation. The results show that the type of ownership and the number
of non-apartment units have the highest level of significance and a positive relationship with renovation, and
other variables such as proximity to the city center, average number of floors, average access of parcels to the
street per block unit have the greatest impact. In contrast, variables such as the literacy rate per block unit, the
employment rate, the percentage of dilapidated buildings in the block, and the household per housing unit at the
block level have the lowest level of significance and importance in housing renovation in the area. This
research uses spatial analysis tools and statistical modeling to identify hot spots of housing renovation. Hot
spots refer to areas where housing renovation occurs significantly more often or has a high potential for
renovation. Using logistic regression, researchers have been able to identify significant indicators that affect the
probability of renovation in the future. These indicators can include various factors such as property value,
access to infrastructure, income level of residents, and other socio-economic characteristics. Spatial analysis in
this context allows researchers to examine geographic patterns and trends in housing renovation and identify
priority areas for intervention. With the results of this research, renovation service offices can be strategically
located in the identified areas, with the aim of facilitating and accelerating the renovation process. These
offices can provide residents with the necessary equipment, information, and advice to encourage them to
participate in the renovation. Also, municipalities, the Urban Regeneration Company of Iran, the Ministry of
Roads and Urban Development, and private sector investors can use these analytical data to develop effective
strategies for housing renovation and, with better coordination, allocate more resources and facilities to areas
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prone to renovation. Ultimately, this process not only helps to improve the physical and social conditions of the
target areas but can also attract investment and increase added value in urban areas. To strengthen the
effectiveness of housing renovation in the identified areas and make optimal use of the research results, the
following solutions can be suggested:

Creating an integrated spatial information system: Organizing and updating spatial information with the help of
GIS facilitates improved decision-making. This system can display spatial autocorrelation data and other
indicators and enable more advanced analysis.

Strengthening public participation: Holding workshops and brainstorming sessions with local residents to raise
awareness and encourage them to participate in the renovation. This action, along with effective consultation
and information, increases community motivation and support.

Forming inter-sectoral collaborations: Creating cooperation between the municipality, construction companies,
the Ministry of Roads and Urban Development, and investors, to prioritize projects and optimize the allocation
of resources and facilities.

Financial and legal incentives: Providing financial incentives, such as low-interest loans or tax incentives, to
encourage owners and investors to participate in the renovation.

Infrastructure and access development: Improving access to infrastructure and public services in less developed
areas, which can increase the attractiveness of these areas for residents and investors.

Continuous monitoring and evaluation: Establishing continuous monitoring and evaluation systems to measure
renovation progress and analyze its long-term effects on society and the environment.

By implementing these solutions, not only can the housing renovation process be accelerated, but also the
quality of life of residents in deteriorated areas can be improved and the ground can be prepared for sustainable
urban development.

Keywords: Housing renovation, Deteriorated fabric, Spatial analysis, Bushehr.
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