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Abstract

Unauthorized housing is a phenomenon exceeding the limits of income,
location, and specific groups of households with varying motivations, from the
housing needs of households to personal advantages such as extra income and
housing wealth. Tiirkiye is among the countries experiencing enormous levels of
unauthorized housing activities and authorization attempts. As recently observed,
a development amnesty to manage these units via an uncontrolled, self-declared,
and paid authorization process has received more than 10 million applications.
However, the location and extent of these applications have yet to be declared,
though they matter in both urban planning and housing markets. This study
delves into the possible locations of unauthorized housing in Tiirkiye concerning
main land-use cover characteristics. For this purpose, this study fields a question
to reveal the driving factors of unauthorized housing and the spatial reflections of
the relationships between land use and changes in them. In this study, more than
700 thousand phone calls to the support center of the Ministry of Environment,
Urbanisation and Climate Change have been utilized during the years selected,
and data concerning land-use cover in Tiirkiye were examined at the district level.
Geographically weighted regression and multiscale geographically weighted
regression models were applied to investigate the spatial heterogeneity of the
(change in) land-use cover on unauthorization. The results reveal that some types
of land-use cover are significant and showed variegated trends. Moreover, the
accumulation of unauthorized housing has been revealed in some metropolitan
cities, including earthquake-prone areas and natural protection zones.
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1. Introduction

The increasing size of the urban
population has been commonly
associated with informal ways of shelter
and amenity access. The characteristics
and lower profile of urban newcomers
in the Global South have been blamed
for many consequences in flat-footed
housing markets (Martinez and
Chiodelli, 2021). However, today
unauthorized housingisa phenomenon
exceeding the limits of income,
location, implementation method,
and specific groups of households.
The reasons have become very diverse;
unauthorization is no longer explained
by just poverty and each has created a
vicious cycle (van Gelder, 2013).

Due to the variety of experiences,
consensus has yet to be reached on the
wording and definition of illegal, infor-
mal, or unauthorized housing in urban
studies. Nevertheless, the main feature
comes from lack and violations of law
via additions, alterations, and removals
and, sometimes, correlates with a result
of failed and replicated management
and planning processes produced by
governments (Roy, 2005). For example,
Castells and Portes (1989) approach
informality concerning any activity
unregulated by the formal institutions
of society in a legal and social envi-
ronment where similar activities are
regulated. Martinez and Chiodelli re-
late housing informality regarding the
lack of requirements that “dwellings
are built, traded or used in violation
of some formal procedure or rule in
force in specific place and time” (2021,
p.2). In addition, urban informality is
outlined as “an ethnocratic planning
approach allowing the urban elites to
represent urban government as equal,
civil and democratic, while at the same
time denying some urban residents ba-
sic rights and services in the locations
into which they were forced” (Yiftachel
& Yacobi, 2003, p.689).

Dere and Kuyucu (2022) identi-
ty illegal settlements through their
counter-space formation potential for
society; however, they indicate that
these settlements occur on the fringes
of the law. From the other perspective,
the housing problem of states highly
affects the definition of unauthorized
from either illegal or informal per-

spectives. Illegality loses its meaning
when a considerable share of the pop-
ulation lives in illegal units. Similarly,
Alterman and Calor (2020) argue that
planning law functions comparative-
ly well in the Global North; therefore,
the use of “informal” is not appropriate
in that context; “illegal” is more suit-
able because of the delegitimization
of planning law. In the present article,
“unauthorized” housing is deliberately
referred to, rather than “illegal” or “in-
formal”, because both terms essentially
involve a lack of public authorization
for the whole or some part of the built
structure.

To cope with unauthorized housing,
governments have employed various
methods such as tolerance, eviction,
and authorization through upgrad-
ing, self-help, or transformation proj-
ects to prevent the production of new
units and solve the problems of the
existing ones (Iban, 2020). As a result,
amnesties have become wildcards, de-
veloping an authoritarian approach
and simultaneously giving a reason for
the perpetual production of unautho-
rized units. Tirkiye has had trouble
for decades with extensive violations
of planning laws and implementation.
Following this experience, 14 amnes-
ty laws have been passed since 1948,
which legitimized unauthorized hous-
ing units and allowed their occupants
to be involved in the housing market
for any transaction and easy access to
services. They have partly focused on
specific cities and neighborhoods for
the authorization and transformation
process. Coinciding with amnesties,
studies on unauthorization in Tiirki-
ye have assumed small scales for their
studies and investigated the process
and consequences of already known
authorized housing areas. This study
identifies the small scale of previous
studies as a research and empirical gap.

The recent development amnesty in
Tiirkiye was announced in April 2018
with the addition of a temporary article
to Development Law no. 3194, giving
a legal identity to unlicensed or unau-
thorized buildings built before 2018
through registration. Based on the
owner’s declaration of unauthorized
structure, the fines were determined
according to the number of violations
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reported. Approximately ten million
applications have generated a revenue
of 17 billion TL. However, the num-
ber of units approved, the provinces
and districts in which they are located,
whether the land is publicly or private-
ly owned, whether the buildings com-
ply with the building standards, and
many other details remain unknown.
This study aims to investigate the dis-
trict-level distribution of unauthorized
housing and main land-use changes
for recent years in order to understand
which types and changes are more
associated with unauthorized hous-
ing. To overview this, it examines the
location of more than 700 thousand
calls received by the Ministry of Envi-
ronment, Urbanization, and Climate
Change on the subject of development
amnesty during 2018 and 2019 as an
indicator of amnesty. This study uses
the district locations of incoming calls
to estimate the unauthorized housing
distribution, which is not shared with
researchers and, therefore, not directly
available. More clearly, these calls ac-
knowledge that the house of the house-
hold requesting information about the
amnesty peace is unauthorized and
that they are calling the call center for
this reason. As such, each call and the
district in which it is located point to
unauthorized housing. The main re-
search topic of the study is to reveal the
types of spatial changes/land use that
cause/can be explained together with
unauthorized housing. It is known
that unauthorized housing in Tirkiye
does not only exist in city centers or
areas with permanent settlements; on
the contrary, natural areas, agricultural
areas, and easy-to-access locations that
have been destroyed in recent years
also host unauthorized housing. The
main contribution of this study is de-
rived from the questioning of unautho-
rized housing at the district level and
country-wide perspective.

The article is divided into seven sec-
tions. The next section introduces the
motivations and expectations that led
to unauthorized housing and how the
process has moved beyond poverty.
The subsequent section is dedicated to
an overview of the legalization of un-
authorized housing. The third section
describes the unauthorized housing
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experience in Tirkiye during the ur-
banization process and legal attempts.
The section after that anatomizes the
data and research methods adopted,
while the fifth presents and analyzes
the results. The final section contains
the conclusions.

2. The background of

unauthorized housing

The genesis of unauthorization involves
a wide range of factors that explain the
impulses, processes, and outcomes
of housing. The most important of
these are the lack of effective housing
policies and population mobility (de
Soto, 2000; Hall & Pfeiffer, 2000),
overcautious planning regulations
(local planning, building codes, and
building permits) (Patton & Sophoulis
1983), and power relations (Chiodelli
et al, 2021). Unauthorized housing
is linked to problems with land and/

or housing units. Unauthorized
housing refers to any violation of
development  rights  (extensions,

divisions, and removals compared to
the original plan), lack of all necessary
permits, and authorizations related
to land ownership. A housing unit is
considered unauthorized if it is built
on land, which is owned by someone
else without the consent of the owner
(regardless of whether the land is
developable or not), the state (forests,
shores, legally protected zones, etc.),
and the household itself, but which
is not suitable for development. The
existence of one of these conditions
results in the housing being
unauthorized.

2.1. Overcautious policies or lack
thereof

From the chronological perspective
during the post-war periods, thelimited
budgets of states led them to choose
between industry/development and
housing/infrastructure  investments.
In this equation, selecting the former
meant ignoring the latter for some
developing countries. However, while
the new population has been needed
to meet the labor power required by
this choice, agricultural mechanization
simultaneously has enabled the
migration of households living in
rural areas to metropolitan cities. Like
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other inter-country practices, Hall and
Pfeiffer associate informality with an
experience of developed world hyper-
growth cities invaded by the developing
world population (2000). This process
can also be evaluated as a neglected
responsibility of governments to
meet the housing need of households
in number and is also related to
their income level, household size,
affordability and preferred locations.
As a solution in the USA, for example,
Durst and Wegmann (2017) argue that
unauthorized housing is allowed within
the farm belt to ensure the presence of
seasonal migrant workers in the urban
economy. Unlike extreme situations,
adding a new floor without permission,
like building a layer on top of the
existing structure, has been a frequently
used method of unauthorization in
Tiirkiye (Egercioglu, 2016).

Even if the housing supply is suffi-
cient in the place of arrival, the migrant
population causes housing cost pres-
sure; hence, unauthorized housing has
been a solution in over-responsibilized
cities to produce affordable housing
stock (Peck et al., 2013). The increasing
divergence between income and hous-
ing cost/mortgage payments has been
curbed by owners and tenants finding
individual solutions by renting out
divided, restructured, and extended
units. To illustrate, illegal micro-apart-
ments, rooftop squatter dwellings,
and basement suites have recently
emerged in housing provision despite
their structural instability and lack of
ventilation, natural lighting, and fire
safety (Yau & Ho, 2017). Accordingly,
a study comparing the income level of
rooftop households in Hong Kong has
revealed a level of income for those liv-
ing on rooftops lower than the median
income of other households living in
the same area (Tanasescu et al., 2010).
This situation has been interpreted as
indicating that households are obliged
to live in these unauthorized units be-
cause they cannot afford another hous-
ing unit with their income level. From
the owners’ perspective, unauthorized
units have been exploited as a shield
against instability and hyperinflation
in Southeast Europe enabling housing
wealth through authorization (Tsenko-
va, 2012) and rental income to ease the

mortgage payment burden in the Glob-
al North (Mendez & Quastel, 2016).
Poverty and unauthorization have
coincided in many geographies (van
Gelder, 2013). Poor households have
attempted to create affordable yet un-
authorized housing on land belonging
to the state. Within that scope, Collins
(1991) evaluates the legalization of
squatters in Tiirkiye as an individual-
ly created state backroom social hous-
ing policy and argues how the am-
nesty law contributed to overcoming
the shortage or lack of social housing
production. Even if governments have
not produced social housing units for
their citizens, they have provided indi-
rect welfare state opportunities (Eder,
2010) through free land, no taxes, and
unconditional development rights.
Legal gaps or constraints have led
to various paths for producing unau-
thorized housing. While an enormous
number of requirements in building
codes and bureaucratic measures lim-
it the production of legal housing,
Chiodelli and Moroni (2014) claim
that weak public administration has
speeded up uncontrolled development
in many urban and rural areas. Weak
public administration, local and na-
tional elections (Collins, 1991), and
the transition from former socialist to
democratic systems (Tsenkova, 2012)
have paved the way for unauthorized
housing developments due to the un-
clear duties and control areas of the
authorities. Furthermore, the expec-
tations of tolerance (Chiodelli et al,,
2021), promises from governments for
authorization, and voting potentials
(Erman, 2001) have not only increased
unauthorized housing activities but
also decreased construction permits
during election periods (Tiirel, 1992).
The arbitrary implementation of un-
authorized housing units has spread
to even forests and water basins. For
example, elite informality is apparent
in protected forest areas in Colom-
bia, representing a concealing cluster
with very high-quality housing units
(Martinez & Chiodelli, 2021). As vio-
lations are encouraged, access to these
enclaves has been restricted through
gates and security controls. Similar-
ly, Lopez-Casado (2020) states that in
Spain the proliferation unauthorized
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second homes and constructions for
weekend activities on the peripheries of
existing cities have led to the destruc-
tion of natural areas having agricultur-
al capacity with the total area of illegal
parcels being more than 1.5 times the
size of the planned main cities.

2.2. The legalization of unauthorized
housing

Although unauthorized housing has
been examined in a considerable
number of studies, the process of
legalization has been neglected due
to the variety and dynamics of legal
frameworks. In many countries,
legalization has started with an
amnesty law indicating the scope,
process, and actors. Applicants should

indicate  the  starting/completion
dates of their construction and other
housing  characteristics  together

with the unauthorized parts of their
units. Then, the process defined how
authorization starts for the qualifying
applicants. It is worth indicating, as
Alterman and Calor (2020) state, that
the process has not worked the same
for all citizens and unauthorized units
in many parts of the world. Due to the
courts’ interventions, the enforcement
process has been highly selective
among households based on income.

Nevertheless, the authorization pro-
cess can be evaluated based on self-dec-
laration and an inspection-oriented
approach. Well-calculated legalization
fees, enough to at least reveal the dead
capital, have also been frequently used
to reduce the costs to the state (Potsiou,
2014). There have also been symbolic
fees, such as 1 euro per m2, which can
be seen as an essential step in making
the legalization process affordable and
inclusive (Potsiou, 2014). However, the
same situation can be seen as encour-
aging and facilitating households to
produce unauthorized housing.

The questioning of unauthorized
units regarding building standards and
zoning codes has been rarely applied in
amnesties because of their forgiveness
aspect. Basement suites, one of these
examples, the rental units of low-in-
come households, have been con-
sidered units that met the standards
without requiring new infrastructure
investment (Tanasescu, Wing-tak and
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Smart, 2010). As Varley examines in
Mexico, where various conditions have
been questioned after the application,
the legalization has resulted in a de
jure gain for some and a de facto loss
for some (not applying, parcel occu-
pation in an unacceptable location)
(1987). Despite the main characteristic
of the land, a protected forest area in
Colombia and many luxury units have
benefited from authorization processes
(Martinez & Chiodelli, 2021).

The time allowed for the application
and decision also varies based on the
following steps. First, preparation of
the necessary documents for authori-
zation (sometimes making a plan if it
is an unplanned area) and approval of
the application or the plan through dif-
ferent authorities took so long that the
application period ended before a de-
cision could be received, even as long
as 10 years in some cases. Moreover,
there are examples of countries where
the process is prolonged and only the
applications are collected (Potsiou,
2014). However, the frequency, cover,
and path followed during the autho-
rization process have accelerated the
pace of construction of unauthorized
units and raised the expectation of un-
conditional legalization for these units
wherever they are located. In addition,
after the legalization process, the next
episode in the unauthorized construc-
tion and extension process starts due to
the expectation of legalization sooner
or later.

2.3. The solution to what

Such authorization has impacted
households and housing markets in
many respects. For example, Varley
(1987) argues that there is a close
link between authorization and
improvements in housing conditions
for low-income households due
to the increasing tenure security
and decreasing risk of eviction.
The power of organized crime
institutions has diminished in at least
some transactions carried out after
authorization was granted for these
housing units; for example, taxes have
been paid to government agencies
(Chiodelli, 2019). In the long run, the
authorization of these units can be
evaluated as the official bringing into
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circulation of the housing market and
financialization (Ark-Yildirim, 2020);
however, along with this process,
prices increase of the only units that
the poor in the city can only afford
and new development expectations
or transformation pressures increase
noticeably  (van  Gelder, 2013).
Registration facilitates transactions
such as sales and leasing because,
as Aslan and Dinger (2018) argue,
the need for a construction permit
or residency permit for mortgage
applications prevents households from
utilizing credit for unauthorized units.
It happens as follows: the sale and
buying of unauthorized units have not
been banned, yet the agreement has
stayed hidden between these two actors
without legal protection for both sides.
Therefore, the process becomes risky if
either of them claims a discrepancy or
denial.

3. The frame of unauthorization

in Tiirkiye

The urbanization experience in each
country and the political orientation
of the ruling parties have led to the
diversification of housing stock in
Tiirkiye. According to Ozdemir
(2011), although city plans exist in
Tiirkiye, the main factor determining
spatial development has not been
planning decisions but laws (including
development amnesties), the changing
economic structure of the country, and
population movements. As experienced
in many countries, high population
mobility has been observed in Tirkiye
since the Second World War due to
the increase in industrial investments
and the decrease in policies supporting
rural development. The legal stock that
could not meet the increasing housing
needs of the city’s newcomers has been
shaped by illegal means, in other words
“gecekondu” in Turkish (Uzun, 2005).
Hence, the unauthorized housing often
described in Ankara (Uzun, 2005),
Istanbul (Sadikoglu Asan and Ozsoy,
2018), Izmir (Bektas Ata, 2020), and
Bursa (Caliskan & Akbulak, 2010) has
been an urban element observed in all
cities since 1950 where employment
has been available. Various legal and
institutional attempts have been made
to address the spread and intensity of

this problem (Ozdemir Sar1 & Aksoy
Khurami, 2023).

The lack of policies promoting af-
fordable and social housing units for
low-income groups has also been as-
sociated with the justification of un-
authorized housing units in Tiirkiye.
Regular and multiple development am-
nesties have been blamed as a catalyst
for unauthorized housing production
(Keles, 1978; Pamuk, 1996). The ne-
cessity has been raised of creating fi-
nancial resources to solve the problem
considering the high land prices and
construction costs as the main reason
leading to unauthorized housing, and
of avoiding any more unauthorized
housing (with Law no. 5218, 5228,
5431, 6188, 7367) (Ozdemir, 2011).
In this context, the first attempt was
enacted in 1948 with a law numbered
5218 focusing only the capital city, An-
kara. Ankara Municipality has been re-
sponsible for providing cheap land and
material to the owners of unauthorized
units that need to be rehabilitated and
to households who are aiming to build
new housing. In the following years,
the Gecekondu Law No. 775, enacted
in 1966, approached the causes of un-
authorized housing beyond the urban
land problem; hence, various duties
were given to the municipalities for
providing housing to those with low
income. Some have been to provide
infrastructure, carry out the planning
and project process, and build social
housing (Tekeli, 2012). A limited num-
ber of demolitions have taken place, yet
the effect of non-actualized laws aim-
ing to avoid new unauthorized settle-
ments was overshadowed by political
and economic factors, leading to an in-
crease in ones in Tiirkiye (Erol, 2019).

Especially in the 1980s, the legaliza-
tion of unauthorized housing through
amnesties (Law no. 2805, 2981, 3290,
3366, and 3414) marked the beginning
of an evolution of purpose from shel-
ter to a means of wealth creation and
enrichment (Uzun et al., 2010) and
land invasions (Bugra, 1998). Legal-
ized units are no longer affordable for
low-income families because their val-
ue has increased due to the title deed;
they have become part of the build-sell
system and led to a windfall gain for the
owners. The state’s approach to unau-
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thorized housing has changed in paral-
lel to the shift from the developmental
to the neoliberal era (Erman, 2016).
Local and central governments have
been affected by this change and trying
to reap benefits from the process. Thus,
with the law enacted in 1984 (2981),
the scale of authorization reached
high-rise apartments. This change has
been followed by election campaigns
in which infrastructure and services
were promised to the old unauthorized
areas (Dere & Kuyucu, 2022). The fact
that until 1985 urban services had not
been provided to those not having
an occupancy permit undoubtedly
made these services an essential part
of urban policies. However, as Pamuk
(1996) indicates, the requirement for
this permit to access services such as
electricity, water, and natural gas has
been abolished. Households™ ability
to receive these services without units
being authorized has been beneficial
for service providers in the private or
public sector as they can transact offi-
cial bills. This change has also removed
one of the biggest obstacles to the de-
mand for unauthorized housing stock,
resulting in expectations of future am-
nesties and other unauthorized hous-
ing units. These units initially due to
need and then justified by all income
groups over time, led to the creation
of risky and authorized living spaces,
as observed in the buildings destroyed
during the earthquakes in 1999 in Mar-
mara and Diizce, 2011 in Van, 2020 in
Elazig, and 2023 in Kahramanmaras
and many more provinces.

3.1. Unauthorized housing and
amnesty after 2002

After a long period of tolerance,
the Justice and Development Party

declared  unauthorized  housing
activities criminal in 2004. No
more tolerance for wunauthorized

housing has been announced; rather
than authorization being granted,
the subsequent period witnessed
government- and  municipality-
supported  urban  transformation
and renewal projects until 2018.
However, the trend towards illegal
construction in Tiirkiye is not limited
to the construction of entire houses
without permission. Unauthorized
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additions such as basements, garages,
warehouses, and attics were also made
to increase the value of the property
or to earn additional income by
renting it out. Further, the arbitrary
completion of projects left incomplete
by construction companies, units
built in areas that are not open to
development or have protected status,
and many more are the products of this
prohibition.

After a long period of improvement
in terms of authorization practices in
Tirkiye, the “development peace” en-
acted in April 2018 with a temporary
amendment to Development Law no.
3194 aimed to give legal identity by
registering unauthorized buildings
built before 2018. The main differences
between this and the previous amnes-
ties are as follows:

« In previous amnesties, Ankara and
Istanbul were dominant (Erensu,
2024), but in this one, almost every
region in the country has benefited
from it without distinction between
rural and urban areas,

« Covering all kinds of non-autho-
rized applications (from villas to
houses, poultry houses, or contain-
ers) (“Yaris1 kacak rezidansa imar
affi piyangosu”, 2018),

o The first amnesty after a long period
covering about 30 years of accumu-
lated unauthorized units,

o Some of other amnesties led to
change/activity in urban environ-
ments such as large-scale urban
transformation or redevelopment
projects (Uzun, 2006), but this one
did not,

o A source of high income without
providing infrastructure in a short
period,

o The Ministry of Environment, Ur-
banization, and Climate Change
was the body responsible rath-
er than the municipalities (Polat,
2019).

Households who own unauthorized
housing units have the right to legal-
ly register it in the official building
registration system in return for their
declarations and payment of the de-
termined charge for the unauthorized
part. Despite online applications, the
government has opened a local bureau
in neighborhoods known for unautho-
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rized housing (Ark-Yildirim, 2020).
The application period was extended
because of the high demand; as a re-
sult, approximately eight million ap-
plications have been made, generating
25 billion TL in revenue (Giindogmus,
2020). According to the regulation, the
information and revenues obtained
will be used in urban transformation
projects. However, it was not planned
to transfer paid revenues to municipal-
ities responsible for building registra-
tion system. However, it is unknown
how many of the units’ applications
were approved, in which provinces and
districts they were, whether the units
were built on public or private land,
which land use decisions were made,
and whether the units comply with the
development codes.

4. Data and method

In the current study, various datasets
and methods were used. To establish
a dataset for regression analysis, data
from several sources were combined,
processed, and layered. First, the
multivariate  regression  analysis
technique Ordinary Least Squares
(OLS) was used to determine whether
the areal size of land use patterns and
their changes affect unauthorized
housing formation. Using Morans I,
spatial autocorrelation was performed.
The next step involved the application of
two local spatial regression techniques.
They are Multiscale Geographically
Weighted Regression (MGWR) and
Geographically Weighted Regression
(GWR). Finally, the results of the
models were interpreted and compared
to determine the best-fitting one.

4.1. Data

Three datasets were employed: calls
received by the responsible Ministry on
the topic of the development amnesty
(i) and Corine Land Cover for 2018 (ii)
and Corine Land Cover for 2006 (iii).
Data preparation was conducted using
Geographic Information Systems (GIS)
to obtain and visualize the geographical
data. Due to the lack of accurate data
on the extent of unauthorized housing
buildings in Tiirkiye, received call
data were obtained at the district level
of Tiirkiye and transformed into a
shape file to represent illegal buildings

within the defined district boundaries.
The calls in 2018 and 2019, when
the authorization applications were
received, were summed. The second
dataset was overlaid with the official
district boundaries, including the Land
Cover of Tiirkiye in 2018, and the third
one attributed to the Land Cover of
Tirkiye in 2006. As a result, the total
area of land-uses in hectares was
calculated at the district level for these
two years. Unauthorized housing in
Tiirkiye is not a phenomenon that can
only be explained by relating it to the
existing settled areas. In other words, it
is possible to see unauthorized housing
in a wide variety of land uses, such as in
forest areas, agricultural areas, and even
on the outskirts of ring roads because
of the developing transportation
network. For this reason, eleven main
land use types and their subcategories
as coded in Corine Land Cover were
examined. However, categories such as
dump sites, burnt areas and etc. were
removed because they cover very few
areas and are not represented in every
district. In addition, other land use
types were also evaluated, but only
one of those with a high correlation
was included in the model. From the
calculated land use cover for districts,
continuous urban fabric, discontinuous
urban fabric, infrastructure (road and
rail network and associated land, port
areas, airports), agricultural areas,
forest, and seminatural areas were
exported after the multicollinearity of
all variables was checked. The change
in hectares from 2006 to 2018 was also
recorded for each use of these lands. As
a result, for 973 districts, the number
of calls to the Ministry concerning the
development amnesty and the total
land use size in 2006 and 2018 and the
difference between these years were
obtained. The correlation between
the potential independent variables
was checked for multicollinearity. The
defined and uncorrelated variables at
the end of the process are represented
with their descriptives in Table 1.

4.2. Method

The study focused on unauthorized
housing in different districts by
investigating the land use decisions
and changes as factors to determine
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Table 1. Descriptive statistics of the variables.
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Variable at district level (unit) Min Max Mean SD
Received calls (#) 0 18265 739.5 1641.2
Continuous urban fabric in 2018 (ha) (Cont urb) 0 2698.1 141.6 364.7
Discontinuous urban fabric in 2006 (ha) (Disc_urb) 0 7438.1 838 915.6
Change in discontinuous urban fabric from 2006 to 2018 | -1899 3182 28.9 456.3
(ha) (Ch_disc urb)

Infrastructure (road and rail network and associated land, 0 1218 38 147
port areas, airports) in 2018 (ha) (Inf)

Agricultural, forest, and seminatural areas in 2018 (ha) 0 401251 76695.6 63441
(Agr for)

whichever are more influential on the
local and global scale. OLS was the
first analysis conducted to observe
exploratory factors globally and it was
followed by the spatial autocorrelation
of residuals. In pursuit of a global scale,
two spatial techniques (GWR and
MGWR) were employed at the local
level.

4.2.1. Ordinary Least Squares (OLS)
and spatial autocorrelation

OLS was used to predict the continuous
dependent variable (DV) (received
calls in the present study) using one
or more explanatory variables (EV)
(Cont_urb, Disc_urb, Ch_disc_urb,
Inf, Agr for) and to determine the
relationships between the variables. As
follows:

Equation 1. Ordinary Least Squares

Vi = a + By +BoXoi + BaXgi + o X + &

Here refers the i value of the re-
ceived calls, is the i observation of the
focused EV, is the error between the ob-
served and what the model predicts, is
the intercept, and is the coefficient of
each EV. A higher with a statistically
significant p-value indicates a stronger
influence of the EV on the explanation
of the DV. Following the OLS, to check
whether spatial heterogeneity exists, a
preferred method Moran’s I is applied as
shown in equation (Getis & Ord, 1992).

Equation 2. Moran’s I Index

_ N X i — 50 (g — %)

?:1 2?:1 Wij Z?=1(xi - E)Z

Here N is the number of values, and
are the values in i and j, is the mean,
and is the spatial weight matrix. While
a positive Moran’s I index indicates the
tendency of spatial cluster spatially,
negative value represents dispersion,
and the p-value is an indicator of spa-
tial dependency.

4.2.2. Spatial regressions

Geographically Weighted Regression
(GWR) is a local form of linear
regression to estimate the value at a
given point based on its surroundings
(nearest neighbors/distance), also
checks the spatial non-stationary.
GWR functions as follows:

Equation 3. Geographically Weighted
Regression

s
Y, = Bo(uyvy) + 2 xi,sﬁS(ui,vi) +&

s=1

Here is the value of the received
calls as dv, is the intercept, is the
coefficient of EV, is the central co-
ordinates of the feature, is the ™ EV,
and is the error term. GWR tries to
capture spatial differences and reveals
relationships by adapting a multiple
regression model that explores differ-
ent relationships existing at different
points in space (Brundson et al., 1998).
For this purpose, GWR uses data from
the neighboring locations and consid-
ers the distance from these neighbors
to a referenced point (Sachdeva et al.,
2022). However, as Senyel Kiirk¢iioglu
(2023) indicated, GWR uses a single
bandwidth for all parameters, while
Multiscale Geographically Weighted
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Regression (MGWR) works on vary-
ing bandwidths for variables instead of
one. Thanks to this feature, the MGWR
theoretically predicts DV better than
GWR (Shabrina et al., 2021). MGWR
is expressed as follows:

Equation 4. Multiscale
Weighted Regression.

Geographically

m
Vi = BoCu, v + ) By (i ve) iy +

j=0

Different from GWR, is the band-
width used in the j* location of the lo-
cal regression coefficient.

5. Results
5.1. Model fit
To understand the performance of the
model, (adjusted) R squared (R-sq) and
the Akaike information criterion (AICc)
are the frequently used model fit criteria.
There R-sq referring to the variation
explained by the model, AICc indicates
the prediction errors. Therefore, the
higher the R-sq, the lower value of AICc
addresses a better fit of the model.
Based on the findings for the model
fit as shown in Table 2, the model was
improved by local regressions, with
an explanation of 48% of the mod-
el through OLS, while it reached 73%
with MGWR. In addition, the lowest
AICc was obtained with MGWR. The
diagnostics of GWR indicated an im-
proved R-sq than obtained with OLS.
However, among all the fitted models,
MGWR had the highest R-sq (0.73)
and lowest AICc.

5.2. Results of global regression

First, OLS was conducted with the five
independent variables defined in Table
1. Spatial autocorrelation with Moran’s
I verified the spatial autocorrelation
of residuals (I = 0.391, z-score=21.669
and p=0.000). The coefficient estimates
are highly significant, with p-values
less than 0.05. The VIF values of all
independent variables revealed low
multicollinearity (all values were less
than the threshold of 7.5). As indicated
in Table 3, Inf (infrastructure: road
and rail network and associated
land, port areas, airports) in 2018
and Agr_for (agricultural, forest,
and seminatural areas in 2018) are

Table 2. Measures of goodness-of-fit for global and local regression

models.
Regression models AICc R-sq Adj. R-sq
OLS 16526.4 0.48 0.48
GWR 17416.8 0.71 0.67
MGWR 16350.9 0.73 0.71

negatively related to the number
of calls received, so unauthorized
housing units and other variables
are positively related. The number of
received calls decreases when the total
area of infrastructure, agricultural,
forest, and seminatural areas in 2018
increases. This shows that the existence
of any infrastructure network partly
avoids/limits unauthorized settlements
together with agricultural, forest, and
seminatural areas. In other words, the
less infrastructure there is, the less
control of governments over land. The
total area of continuous urban fabric
has the highest impact on unauthorized
settlements, followed by the change
in discontinuous urban fabric from
2006 to 2018 and the total size of the
discontinuous urban fabric in 2006.
The model shows that a 1-hectare rise
in the area of the continuous urban
fabric in 2018 increases the number
of unauthorized settlements by 2.73
units. This means a higher share of
unauthorized housing in the existing
urban fabric.

5.3. Results of local regressions

Based on the evidence, namely GWR
and MGWR, were employed to
represent the relationships. Figure 1
reveals the spatial heterogeneity in
subnational fitting, reflected in the
spatially varying local R-sq of both
the GWR and MGWR models. The
GWR and MGWR models fit better
in the coastal areas of the Aegean and
Mediterranean regions and Central
Anatolia (Ankara and its surrounding).
In contrast, the R-sq was consistently
lower in the Northern and Eastern
parts of the country. Local R-sq
values were observed high in MGWR.
MGWR computes that 553 districts
(56.8% of districts) have a local R-sq of
more than 0.7, and the local R-sq values
less than 0.5 in 105 districts (10.7%).
In GWR, the lower local R-sq values
were revealed; 466 districts (47.8%) are
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Table 3. A summary of the statistics from OLS.
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Variable Est. Std. Err. t-value p-value VIF
Intercept 485.63 63.01 7.70 0.000 -

Cont_urb 2.73 0.11 23.85 0.000 1.23
Disc_urb, 0.33 0.05 6.70 0.001 1.49
Ch_disc_urb 0.71 0.08 8.44 0.000 1.03
Inf -0.84 0.27 -3.08 0.048 1.13
Agr for -0.00 0.00 -7.83 0.000 1.28

Local R-Squared
0.00-0.50

0.51-0.55 N

056-0.65 A
B 056-075
- 0.76-080 o 100 200 km
I osi-0ss

Local R-Squared
0.00-0.50

0.51-0.55

I 0.56-0.65 A

I 066-075

Bl os-0s0 100 200 km
B osi 085 b——

Figure 1. Local R-sq of the GWR and MGWR models.

greater than 0.7 and less than 0.5 in 138
districts (14.1%).
A comparison of the results for the

coefficients and bandwidths (BW) of

GWR and MGWR is shown in Table

4. The mean value of each coeflicient
reflects the association between that

explanatory variable and the depen-
dent variable. The standard devia-

tion indicates the spatial variation of

each explanatory variable. In that re-

spect, comparing the mean values of

GWR and MGWR, the two models

give very similar estimations. The in-
fleunce of the continuous urban fabric
(Cont_urb) appears to be the highest
in MGWR and GWR. The bandwidth
of the GWR model is 234, whereas
it varies between 120 and 603 in the
MGWR model. The higher bandwidth
of infrastructure (Inf) (the global scale
variable) and the lower bandwidth of
continuous urban fabric (Cont_urb)
indicate higher spatial heterogene-
ity and microscale. Multicollinearity
is also checked in the model results.
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Table 4. Summary of the statistics of GWR and MGWR

Coefficient of
Intercept | Cont_urb | Disc_urb Ch_disc_urb | Inf Agr_for
variables
Min -0.3 -0.00 -0.01 -0.02 -0.5 -0.98
Mean -0.09 0.46 0.19 0.2 -0.03 -0.16
Median | -0.12 0.40 0.15 0.13 -0.01 -0.03
GWR
Max 0.23 1.28 0.61 0.69 0.16 0.11
Std. Err. | 0.13 0.24 0.14 0.18 0.08 0.24
BW 234 234 234 234 234 234
Min -0.29 0.17 0.03 -0.02 -0.09 -0.98
Mean -0.1 0.45 0.19 0.18 -0.03 -0.15
Median | -0.15 0.36 0.19 0.14 -0.02 -0.06
MGWR
Max 0.35 1.18 0.55 0.76 0.02 0.06
Std. Err. | 0.13 0.22 0.11 0.16 0.03 0.22
BW 234 120 250 234 603 420

Based on the local condition number
of GWR and MGWR models being
less than 30, multicollinearity is not
observed as a violation of the models.
Figure 2 maps the coefficients of
the GWR and MGWR models for
the statistically significant variables.
The coeflicient estimates of continu-
ous urban fabric (Cont_urb) have the
highest significance share among oth-
er variables and vary across the study
area. In both models, a significant re-
gressor, the largest positive coeflicient
values in some areas, is associated
with the continuous urban fabric, spe-
cifically within Tiirkiye’s metropolises,
such as Ankara, Istanbul, and Izmir.
This reflects the effect of unauthori-
zation on these metropolises’ central
districts, peripheral districts, and
neighboring provinces. The higher co-
efficient values in the centers decrease
towards the periphery in the form of
a buffer but are still much higher than
in the rest of the country. Although

population dynamics are not includ-
ed in this model, the increase in the
continuous urban fabric may also be
related to this issue.

The coefficients of discontinuous
urban fabric (Disc_urb) are significant
and higher in the tourist areas of Tiir-
kiye. Maps of the coefficients showed
that the Aegean and Mediterranean
coasts were significantly affected, and
unauthorized housing formation was
estimated. Change in the discontinu-
ous fabric’s (Ch_disc_urb) coefhicient
values and significance stand out with
the severe impact of the Marmara re-
gion, where Istanbul is located. Be-
tween 2006 and 2018, the discontin-
uous urban texture increased where
unauthorized housing was construct-
ed. Similarly, the expanding effect from
Ankara and Izmir reveals the decisive
role of the increasing discontinuous
urban fabric in the unauthorized ac-
tivities along the corridor stretching
from Istanbul to these provinces. The
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Figure 2. Parameter coefficients of GWR and MGWR
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fact that infrastructure activities (Inf)
are high in certain districts, including
along the Bursa-Izmir highway, can be
interpreted as an increase in control
by the state and a decrease in the ar-
eas likely to be developed. Infrastruc-
ture activities also negatively affect the
construction of unauthorized housing
to some extent, creating an obstacle to
it. Ankara and its surroundings appear
to have a similar tendency in this re-
gard. Where the unauthorized housing
prediction for agricultural and forest
areas (Agr_for) is statistically signifi-
cant, it is negatively estimated. For ex-
ample, the plundering of Konya Plain
is an important and distinct case, the
destruction of forest areas along with
agricultural areas in the whole of Mar-
mara and the western Aegean areas are
negatively estimated in terms of unau-
thorized housing units and increasing
area reduction.

6. Discussion and conclusion

The discussion and conclusion of
this study can be divided into two
parts. Firstly, the model and its fit
need to be focused on to explain the
spatial ~ distribution estimation of
unauthorized housing. Like the other
studies, this study also reached better
model fit results in GWR and MGWR
than OLS (Fotheringham etal., 2019; Li
et al., 2022; Senyel Kiirk¢tioglu, 2023).
In the comparison of the two local
spatial regression models, MGWR
with lower AICc is more explanatory
than GWR. A best-fitting single
bandwidth is defined in GWR, whereas
several optimal values for each variable
are estimated in MGWR. Using 234
as the unique bandwidth correctly
classifies 71% of the observations in
the GWR model, whereas bandwidths
ranging between 120 and 603 in
MGWR reached 73%. The increase in
bandwidth also represents more global
effect of EV on DV.

Secondly, there is an ongoing debate
about unauthorized housing in Tiir-
kiye and its association with different
planning mechanisms and urban/ru-
ral issues. The level and distribution of
unauthorized housing have been fre-
quently mentioned in bulletins and the
national press. However, compared to
such national estimations, the present

study has the advantage of zooming
in to reveal spatial fabrics at the sub-
national scale. It shows the potential
of unauthorization in several districts
of Tiirkiye. As expected, following the
metropolitan cities, the coastal regions
of Tirkiye are the first to consider this
problem.

6.1. Policy implications

With the zooming-in, Istanbul and its
surrounding regions need elaboration
regarding the risks and the future
of unauthorized housing units.
Most of these units do not have any
construction or residency permits
approving their structural stability and
strength. Unconditionally authorizing
these units can lead to a high risk of
damage with an expected earthquake,
including the whole Marmara region.
To solve the unauthorized housing
problem and physical environment
problems in settlements, upgrading is
also frequently called policy. Unlike
unconditional  legalization,  with
the authority’s involvement in the
upgrading, it is possible to encounter
situations where risks are reduced, and
conditions are improved in the living
environment. As a result, changes
in the quality of life for households
are minimal when the goal is only to
legalize, and the gravity of this situation
becomes more apparent with the
awareness that the total population of
the Marmara region is 25 million. On
the other hand, evaluating the number
of «calls regarding unauthorized
housing concentrated in Hatay and
its surroundings, together with the
earthquakes that occurred in February
2023, reveals the importance of the
results of this study.

Although the authorization of un-
authorized housing has many negative
aspects, it also has some positive. The
most important of these is the legal
status gained by tenant and owner-oc-
cupier households living in housing
units that have gained legal status. The
landlord does not pay any tax on the
rent a tenant pays in an unauthorized
housing unit because that housing unit
does not exist in official records. How-
ever, with the authorization of housing,
the landlord becomes subject to tax on
both the rent and the number of real
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estate s/he owns. Finally, the authoriza-
tion of these units increases the num-
ber of housing units in official stock.
This means that the discourse on hous-
ing deficiency can be eliminated for a
while, and the focus can be moved to
the qualifications of these units.

6.2. Further studies

Tirkiye has experienced severe forest
fires since 2020, which is outside
our study’s scope. If included, the
coefficients of this land cover could
be higher, indicating the excessive
unauthorized housing in those areas.
In addition to forests, unauthorized
housing attempts destroy essential
agricultural areas in Tirkiye, such as
Konya Plain and the Aegean region. In
addition to the entire units, extensions
and small shelters built in those areas
should be controlled before irreparable
destruction to the fields and olive
groves. Notwithstanding, the legal
construction in coastal areas of Tiirkiye
has always been extensive, yet it
seems that unauthorized housing also
exacerbates this situation.

Lastly, the insignificant prediction
and estimation for the Eastern regions
may be related to two different scenari-
os. The first underlines the lower quan-
tity of unauthorized housing there, the
latter the low number of calls received
by the Ministry from these districts. To
sum up, for further detail, the number
of variables and content of the study
need to be expanded.
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