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1. Introduction
Real estate is considered an essential asset for Iranian investors and families [10,13]. Due to
various reasons, real estate has emerged as a popular investment choice. Housing prices have

experienced significant growth during the past decade [15, 16]. Housing prices are of particular
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importance from the economic and social perspectives, with affordable, suitable housing being a
critical element in determining quality of life [1, 7, 8].

The housing prices in each area of the city vary based on different factors. Over time, rapid
expansion and social and economic transformation led to the emergence of new forces that altered
inner-city structures and housing prices. Given the extensive fluctuations in housing market supply
and demand, effective planning is necessary to improve the quality of residential environments
and address related needs. Success in implementing housing planning policies demands
understanding the preferences of consumers and their inclinations towards specific housing
characteristics. Thus, determining and estimating housing prices is particularly important to
planners and decision-makers [5, 12, 14].

Table 1 examines the literature surrounding housing price analysis.

Table 1. A Review of Literature Surrounding Housing Price Analysis

Author(s) Year Subject of the Study

Introduced Geographically Weighted Regression (GWR) for the first time. In
[2] 1998 this study, he analyzed and evaluated spatial data using inference methods and

compared the results of GWR with traditional inference techniques.

Estimated housing prices using a multilevel model. He investigated how a
[4] 2000 multilevel approach could be used to assess the spatial dynamics of the housing

market, utilizing housing price data from Cardiff.

(3] 2000 Investigated the relationship between accessibility, housing price, and the
location of employment in Belfast.

6] Investigated the relationship between housing prices and environmental factors
in the state of Ohio, USA, using spatial statistics.

[17] 2007 Investigated the impact of urban green spaces on housing prices in China.

[16] 2007 Investigated the spatial distribution of housing prices in Istanbul.

[9] 2010 Investigated the impact of urban rail transportation on housing prices in
Bangkok using GWR and a hedonic pricing model.

[11] 2011 Investigated residential house sales in Calgary from 2000 to 2004 using GWR.

Housing prices are among the indicators that the planners cannot entirely control. However, it is

somewhat possible to control this indicator by conducting a spatial analysis of the housing market
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to identify factors impacting price determination and taking effective measures to increase the
efficiency of housing plans and programs [18-22].

Generally speaking, linear regression and indicators, such as building density, have been the most
common methods for housing price modeling. Nevertheless, the traditional ordinary least squares
estimation method cannot accurately reflect all levels of housing price dispersion due to the non-
uniform spatial distribution of housing prices [23-27]

Various models that take spatial characteristics into account have been invented to address this
issue. One such model that enables the accurate evaluation of factors influencing housing prices is
the geographically weighted regression model [27-30]. This model provides superior results
compared to the ordinary regression model [30-32]. This study employed ordinary least squares
regression and geographically weighted regression to analyze housing prices in Isfahan. The study
also aimed to investigate the average housing prices in Isfahan. To this end, the following five
indicators were considered: floor area, the nature of the property (apartment or villa), number of
bedrooms, construction date, and the percentage of individuals with professional careers, such as
doctors and engineers, in the area, based on census data. A total of 100 data groups, each containing
data about the five aforementioned indicators, were obtained from the Isfahan city real estate
information system. Data analysis was performed using the EViews software, with a conclusion
drawn at the end.

2. Ordinary Least Squares (OLS) Regression Model

In contrast to non-linear least squares and methods of increasing the domain of convergence (see
[29,30]), the ordinary least squares is the simplest and most commonly used regression model.
This method is typically denoted as OLS. The underlying concept of the ordinary least squares
method states that model coefficients should take values that lead to the closest matches between
the regression model and the observations. In other words, the regression model should
demonstrate the least deviation from said observations. In spatial modeling using OLS, it is
assumed that the parameters or coefficients of the statistical model remain constant across
locations. Thus, the dependent variable estimated by this model corresponds to the entirety of the
study area and also estimates a consistent value across different points. This characteristic is
recognized as a weakness of this method in spatial modeling. The one-variable simple linear

regression model with one variable is as follows:
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Yy =Po+Bixi +& 1)
In this context, y is the dependent variable, x is the independent variable, ;i is the error or model
deviation in estimation, and Po and 31 are the model parameters or coefficients. The OLS statistical
model and model coefficient estimation are expressed using the following relations:

y=XB+e (2)

g =XTX)"1xTy (3)

In this context, T is the matrix transpose, (X' X) 1 is the inverse of the variance-covariance matrix,
and X is the matrix of independent variables. The OLS regression model coefficients remain
constant across the entire space.
3. Geographically Weighted Regression (GWR) Model
The geographically weighted regression model is an expanded form of the general regression
framework, with its essence being as follows:

Yi = Bo(uy, vi) + EBi (uy, vi) X + & i=12,..,n (4)

In this context, (u;, v;) represents the coordinates of the point i in space. B (u;, v;) is a continuous
function of B, (u, v) at each i point, X1 to Xip are explanatory variables at point i, and & is the error
term. For any given dataset, the B (u;, v;) regional parameters are estimated using weighted least
squares steps.

The Wi weights for j=1, 2,...,n at each (u;, v;) location are obtained as a continuous function of

distances between point i and other data points. Now, consider the following matrix:

Bo(uy,vy) - Bp(uy,v1)
: : 5)
ﬁo(un' vn) ﬁp (unf vn)

This is the matrix of regional parameters, with each row being derived using the following relation:
Bi = XTW@DX)TXTW (i)Y (6)
In this context, i=1,2,...,n indicates the matrix rows, X is the matrix of independent variables, Y
is the dependent variable, and W(i) is an nxn spatial weight matrix.
As previously stated, W(i) is the spatial weight matrix and is defined as follows:
W) = diag|Wiy, Wiy, ..., W] (7)
In this context, W(i) is the weight matrix based on location i, such that observations closer to i

have higher weights than those farther from i.
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This relation uses a least squares estimator. However, the weight matrix is not constant. Thus, W(i)
must be calculated for each point i, and W;j approximates the value of each data point at location
i. Data points closer to i have greater weight in estimating (i) parameters compared to more distant
points [25-33].

4. Weighting Method

As previously stated, Wi represents the weight of the j data point at the i-th regression point, and
dij represents the distance between the i-th regression point and the j-th data point.

In numerous cases, the Gaussian form of the weight framework is more common. A Gaussian

function is as follows:

®  _(x=b)? o
f ae” 2¢2 dx = acVm f e dx=+m (8)

In this context, a is the peak height of the curve, b is the peak center position, and c is the
bandwidth.

Two types of weight frameworks exist: fixed and adaptive. The present study employs the fixed
weight framework, which is calculated as follows for each location i in the regional regression

model:

Wy = exp |3 (W97, ©
In this context, djj is the distance between locations i and j, and h is the bandwidth. The increase
in h decreases the kernel function slope and includes more data points in the regional measurement.
Thus, it is necessary to determine the optimal h value in GWR.
5. Efficiency Criteria for OLS and GWR Regression Models
This study employs the R2 determination coefficient and Akaike Information Criterion (AIC) to
compare the validity of regression models. The R2 coefficient indicates the percentage of variance
in the dependent variable that is explained by the independent variables. This means that it
indicates the percentage of total Y variance explained by X independent variables. This numerical
value ranges from zero to one. The closer this value approaches one, the more representative it
becomes of the dependent variable's variance estimation by the independent variables.
If the standard deviations of X and Y are represented as Sx and Sy, respectively. Their covariance
is denoted as Covyyx, and the determination coefficient can be calculated using the following

equation:

104



Erfan Seif International Journal of Industrial
Engineering and Operational Research

pz S (10)

SxxSxy
The AIC method measures relative efficiency and demonstrates the data loss caused by a statistical
model. Essentially, this criterion creates a balance between model accuracy and complexity. The
studies by Foudy et al. and Wang et al. shows that a low value of this criterion indicates that the
estimated value of the model is closer to the observed value. The corrected Akaike criterion can
be calculated using the following equation:

2k(k + 1)

AIC, = Al —_—
C. C+n—k—1

(11)

6. Datasets
The data employed in this study consists of information from 100 residential properties in Isfahan
for the year 2019, extracted from the city's real estate registration system. The data was collected
from various city areas with decent dispersion. The information on the following five indicators
was gathered for all properties in accordance with data from the Iran Statistical Center: floor area,
number of bedrooms, construction date, property type (villa or apartment), and the percentage of
professionals, including doctors, engineers, and lawyers.
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Figure 1. GIS Map of Isfahan, Source: GISPlus Website

7. Applying Geographically Weighted Regression to Investigate Housing Prices
This section of the study investigates ordinary least squares regression and geographically
weighted regression models for housing price data in Isfahan. The EViews software was employed
for data analysis. The hedonic (binary) variables used in the model are defined as follows:

FLOORSZ: Property floor area in square meters.

BEDS2: 1 for 2 or more bedrooms, O for other cases.

BLDS80: 1 for construction dates within 2001-2010, O for other cases.
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BLD90: 1 for construction dates within 2011-2015, O for other cases.

BLD95: 1 for construction dates within 2016-2019, 0 for other cases.

TYPEFLAT: 0 for apartment properties, 1 for villa properties.

PROF: Percentage of professionals in the specified area.

The dependent variable is property price, denoted as PURCHASE.
The value and distribution of data are illustrated below.
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Figure 1. Floor Areas in Used Data, Source: Isfahan Real Estate System
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Figure 2. Number of Rooms in Investigated Properties, Source: Isfahan Real Estate System
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Figure 3. Type of Investigated Properties (Apartment or villa), Source: Isfahan Real Estate

System
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Figure 4. Percentage of Professional Careers in Investigated Areas, Source: Iran Statistical
Center
8. Results
The data obtained from the software indicates that the average housing price in Isfahan during the
last quarter of 2019 is 110,289,000 Rials. The available data also demonstrates that the PROF and
FLOORSZ variables are statistically significant and must not be overlooked.
Table 2. Data Obtained from Software, Source: Author

Prob. t- Statistic Std. Error Coefficient Variable
0.0393 -2.090436 447.6036 -935.6868 BEDS2
0.7334 0.341698  1223.345 418.0140 BLD80
0.7331 0.342028 1270.802 434.6495 BLD90
0.4839 0.702843  1236.852  869.3126 BLD95
0.0000 9.260010 16.96780 157.1220 PROF
0.0000 9.996358  1.938895 19.38189 FLOORSZ
0.1367 -1.501361 344.2338 -516.8193 TYPEFLAT
0.0992 -1.665801 1303.928 -2172.085 C

A comparison between the data obtained from geographically weighted regression and ordinary

least squares regression methods demonstrates the superiority of geographically weighted

regression in spatial data analysis.
Table 3. Comparison of OLS and GWR Methods, Source: Author

GWR

OLS

Criterion

0.873211 0.820112
0.834126 0.806425 Adjusted R-squared
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GWR OLS Criterion
16.31293 17.05236 Akaike info criterion
1810 None Range Length

9. Conclusion

This study conducted a spatial analysis of housing prices in Isfahan using hedonic pricing
variables. A dataset of 100 groups, representing five characteristics —floor area, number of
bedrooms, construction data, property type, and percentage of professionals in the region —was
analyzed using geographically weighted regression with a bandwidth of 1,810 meters and ordinary
least squares regression. The findings demonstrate the superiority of geographically weighted
regression over ordinary least squares regression in spatial analyses. Additionally, the average
housing price in Isfahan during the final quarter of 2019 was calculated at 110,289,000 Rials. It
was determined that two variables, floor area and the percentage of professionals in the studied
region, are statistically significant.

It is essential to note that quantitative analyses can lead to superior decision-making among
individuals during housing selection and reduce investment-related risks. Therefore, private and
government organizations related to the housing market can gain better information and improve
decision-making through spatial analyses of the real estate market.

Future studies can utilize environmental factors and social conditions as dependent variables in
models to measure their impact on housing prices in different areas. The geographically weighted
regression model can also be expanded. For instance, considering non-Euclidean distance metrics
instead of Euclidean distance would allow researchers to evaluate the impact of distance
measurement indices in various lranian cities with different environmental conditions.
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