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Abstract: Sustainable land use development requires a smart decision-making process
based on appropriate spatial design patterns. However, the pro-investment
policy of many municipalities often results in disproportions between the de-
mand and supply of investment areas, which means that spatial development
is not realized in a sustainable way. In order to avoid the overconsumption
of land for investment purposes, central government in Poland introduced
a requirement to assess land balance, which includes the calculation of spa-
tial absorbency at the level of local urban planning. The aim of this work is to
develop the concept of spatial absorbency assessment. In order to select best
practices, document reviews of local spatial policies in Kalisz, £.6dz, Torun and
Gdarnisk were performed. Based on the review, a method for spatial absorbency
assessment was presented. The applicability of the proposed solution is pre-
sented by its use on the case of the Racibérz municipality. The visualization
shows what kind of geoinformation is required to perform an assessment by
means of the developed method. The results of the calculations present the final
feedback that is received by local authorities. The work was carried out us-
ing ArcGIS software. The obtained results may constitute the basis for further
multi-dimensional analyses as part of sustainable land development planning
at the local level.
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1. Introduction

Current challenges in land development and management, such as uncontrolled
urban sprawl [1], urban ageing [2, 3] or adaptation to climate change [4, 5], force lo-
cal decision makers to search for more sustainable approaches in land use planning.
The shift from a central land development planning system to a decentralised one
in the early 1990s in Poland involved individual investors taking more independent
actions. Unfortunately, this did not result in the implementation of the most suitable
solution according to local resources and needs in every situation [6, 7]. According to
the legal framework in Poland [8], the document expressing spatial policy on a local
scale is a study of conditions and directions of the spatial development of the munic-
ipality. This document should set the framework of spatial development patterns
and guarantee the sustainable development of the municipality. However, studies
conducted in Poland have proven that the spatial planning documents existing at the
beginning of this decade were not effective enough to guarantee sustainable develop-
ment at the local level [9, 10]. Local authorities are often tempted by potential profits
related to attracting new citizens, and they do not calculate the costs of new urban
development well [11]. As a result, expenses may exceed profits [12, 13] and new land
development is a burden for the municipality. That is why it can be regarded as con-
stituting an unsustainable action in economic terms. Similar situation can be observed
in environmental terms, where new urban development degrades valuable environ-
mental resources [14-16], or social, where migration can cause social conflicts [17]. The
level of imbalance between supply and demand in land use planning was highlighted
by the authors of the report Analysis of the Status and Conditions of Spatial Planning
Work in Municipalities at the end of 2017. According to the information included
in the report, areas designated for housing purposes in the whole country would en-
able the accommodation of approximately 76 million people — double the current pop-
ulation. In order to solve the problem of this imbalance in land development, a new el-
ement in local spatial policy became obligatory. In October 2015, an amendment to the
act on spatial planning and development was introduced, which obliges municipalities
to prepare the area’s balance including calculation of spatial absorbency [18]. Spatial
absorbency has to be calculated separately for (1) areas with urban structure (AUS) and
for (2) areas designed in master plans as housing areas (AMP). The legal framework
for estimating spatial absorbency is Article 10 paragraph 5 of the Act of March 27, 2003
on planning and spatial development [8]. This new regulation is in line with academic
guidelines that land use change monitoring is defined as a task of a local adminis-
tration [19]. Nonetheless, the new regulations did not define exactly how spatial ab-
sorbency should be calculated. Therefore, there is no universal way to assess spatial
absorbency. Unfortunately, in some municipalities, they do not rely on clearly defined
approaches and this may lead to it being ineffective. However, based on the advan-
tages of using land administration systems and geographic information systems (GIS)
which can effectively support sustainable development implementation [20-22], the
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aim of this study is to propose a spatial absorbency framework which would allow
local authorities to fulfill new legal requirements. The paper is structured as follows:
materials needed to conduct the study are discussed in section 2, method in section 3,
the review of existing solutions in section 4, the proposed methodological framework
for spatial absorbency calculations in section 5, the application of the proposed method
in section 6, and, finally, discussion and conclusions in section 7.

2. Materials and Study Area

The materials used in the study were five studies of conditions and directions
of spatial development of municipalities for Kalisz, £L6dz, Torun, Gdansk and
Raciborz as well as master plans from the Racibdrz municipality.

The study area for the application of the developed framework is the Racibdrz
municipality. It is an urban municipality located in Silesian region. The area
of the Raciboérz municipality is approximately 1460 ha and the spatial policy of that
municipality was adopted in 2013 [23].

3. Method

The study is divided into two parts. The first part is based on the review of ex-
isting land development documents. It allows us to compare currently used ap-
proaches in spatial absorbency calculations. The review was carried out based on
four studies of conditions and directions of spatial development of municipalities
for Kalisz, £6dz, Torun and Gdansk (Fig. 1). This part is presented in section 4.

Raciborz
Legend i ®
[JBorder of Poland
[ IBorders of provinces
® Analysed cities
® City of case study

Fig. 1. Location of analyzed cities
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Based on the review of existing approaches in practice of land development,
a novel method for spatial absorbency is proposed in section 5. The developed ap-
proach uses GIS which organizes all stages of data processing. Presentation of the
applicability of this method is shown on the case of Racibérz municipality in sec-
tion 6.

4. Spatial Planning Documents Review

The following subsections present a review of studies of the conditions and
directions of spatial development of municipalities (spatial policies; SP) of Gdansk,
16dz, Toruni and Kalisz.

4.1. Spatial Policy of Gdansk

The definition of the concept of absorbency highlighted in the spatial policy
of Gdansk refers to the maximum value [24]. As a source of data necessary to cal-
culate the absorbency of housing-service areas, the parameters of housing, hous-
ing-service and service development as set out in master plans (MP) or in spatial
policy (in areas that do not have a valid MP) were taken. The law does not introduce
what qualifies as areas with an urban structure. Therefore, seven criteria were set to
help define the boundaries of AUS. Not all of them have to be done simultaneously.
Residential, service, industrial and harbor areas were included. This represents 55%
of the area of the whole city. Spatial capacity for housing, services and harbor-indus-
trial was calculated based on formula:

S.=A IBl_ -x [m’] (1)

S, — spatial capacity,
A, - net area [m?],
IBI - indicator of maximum buildings intensity,
x — indicator of converting the total area into usable.

Dual areas were calculated based on proportions contained in master plans.

4.2. Spatial Policy of Lodz

In the spatial policy of £.6dZ [25], an estimation was made for residential, indus-
trial and commercial areas. Three possible development scenarios were presented:
lack of spatial activities, maximum building coverage — low standard of living and
implementation of the strategy of returning to the city center — raising the standard
of living. The capacity of the reserves was determined on the basis of the follow-
ing indicators: area of land intended for development, average population density
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and average usable floor space per apartment. The following areas were taken into
account: multi-family housing, intensive single-family terraced, single-family medi-
um-intensity, single-family low intensity.

The spatial absorption in existing master plans, expressed in the usable area
of the building, was calculated on the basis of the maximum building and land de-
velopment indicators, which result from the provisions of the existing local plans.
In both cases, no formulas which might constitute the basis for the calculation were
presented, which reduces the transparency of evaluations.

4.3. Spatial Policy of Torun

The basis for estimating the absorbency of undeveloped multi-family residen-
tial areas was the number of areas designated for new buildings, building intensity
included in the local plans or average building intensity indicators, the percentage
share of the built-up area referring to the area of the construction plot and other local
conditions. The basis for estimating the spatial absorption of built-up single-fami-
ly residential areas was the analysis of separate construction plots or the expected
number of new plots.

The general area of the different types of lands was presented, where it is pos-
sible to locate new buildings together with specifying the number of plots included
in it. Other indicators were not included in the presentation of absorbency [26]. As
in the case of £.6dz, in section 4.2, there is no clearly defined mechanism for calculat-
ing spatial absorption.

4.4. Spatial Policy of Kalisz

Records of master plans and spatial policy [27] (in areas where there is no ap-
plicable local plans) were taken as the data source for the absorbency estimation.
Built-up areas with access to a public road, equipped with technical infrastructure
(water and sewage system) with accompanying recreational green areas were classi-
fied as areas belonging to the AUS. To calculate the usable area of residential build-
ings, parameters such as: the average area of a new plot and the average usable
area of a new apartment were adopted. The quotient of the free spaces(gaps) be-
tween buildings and the average area of new plots was calculated. It was expressed
in the number of construction plots.

u,=— 2)

U, — usable floor area of residential buildings [m?],
U, - undeveloped area intended for housing [m?],
A,, — average area of new plots [m?].
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The product of the number of construction plots and the average usable area
was then calculated, which gave the necessary usable floor space for the apartments.

A= urb : Au (3)

A — usable floor space of flats [m?],
U, — usable floor space of residential buildings [m?],
A - average usable area [m?].

5. Methodological Framework
for Spatial Absorbency Calculations

The proposed method of estimating spatial absorbency is presented in Fig-
ure 2. For absorbency 1 of the Racibérz commune, raster data were obtained from
the SCDSD included on the website of the Municipal Office in Raciborz. These data
have been vectorised using ArcGIS 10.4.1.

Spatial data:

SP-rasterdata
MP - vector data
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Fig. 2. The process of estimating spatial absorption in the commune of Racibdrz
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In the Act [8], there is no definition of the term spatial absorbency. Hence, for
the purposes of the study, a definition of absorbency was adopted and says it is the
potential maximum usable area of the buildings with an assigned function that may
arise in a given area.

To determine a compact and fully developed functional and spatial structure,
criteria that must be met were established. It was assumed that the areas can be
included in the AUS if they fulfill at least 75% of the guidelines. Those criteria are:

— access to a public road,

— access to the technical infrastructure network, at least: power network, water

supply network,

— existing division into plots,

- existing buildings,

- surrounded by built-up areas, at least 75% of the neighborhood.

Areas fulfilling mentioned above assumptions have been vectorised with divi-
sions into functions: single-family housing, multi-family housing, services, industri-
al and planned development.

To determine the absorbency 2, it was necessary to designate the total area
of AMP. The coverage data of the master plans were downloaded by Web Future
Service to ArcGIS 10.4.1. software. Then, the area of residential lands designated for
development was determined.

6. Application of the Proposed Method

For the analysis of spatial absorbency, it was assumed that spatial capacity by
definition is the maximum value. Buildings with flat roofs will pose maximum value
for areas of residential housing, services and industrial because there is no surface
which is out of service. Therefore, 100% of the usable area of buildings was adopted
as a usable area. The second assumption was for multi-family housing, where the
usable area in general was 100%. This is possible in houses with common areas out-
side the building (galleries).

According to the method, choosing which areas can be built-up from all cat-
egories was necessary. Figure 3b presents the results of this. The next step was to
classify which areas belong to AUS and divide them into groups (Fig. 3c) according
to spatial policy (Fig. 3a). Figure 3d shows built-up areas in AMP which is the ba-
sis on which to specify absorbency 2 according to Article 10 paragraph 5 of the Act
of March 27, 2003 on planning and spatial development [8].

After completing all the stages described in the method, the results were ob-
tained for AUS and AMP. The final summary of the estimated absorption values is
presented in Table 1.
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Table 1. Summary of the estimated spatial absorbency

Usable area of buildings
Type of land use area
-1 Absorbency 1 (AUS) Absorbency 2 (AMP)

[km?] [km?]
Single-family housing 1.035 1.730
Multi-family housing 0.644 0.068
Planned development 0.096 -
Services 2.152 2.788
Industrial 0.792 2.630
SUM 4.719 7.126

Spatial absorption in the area of a compact and fully developed functional and
spatial structure is 4.719 km?2. Absorption for other areas is 7.126 km?2. A difference
between the absorption capacity between different types of land use can be noticed.
This is due to the disproportion of the size of the area allocated to these functions.

7. Discussion and Conclusions

Sustainable land development is strongly influenced by the investment activity
of Polish cities [28, 29]. The final situation of urban development significantly im-
pacts on local socio-environmental systems [30-32]. In order to balance the supply
and demand of real estate, different tools can be used. One of them could be to
monitor spatial absorbency assessment which is still a new element in Polish land
management practice. As Jawecki et al. [33] stated, new legal regulations have an
influence on the assessment methods of the physical aspects of a built environment.
Therefore, such methods are also required in the case of spatial absorbency. Due to
the existing regulations, municipalities can realize this obligation in different ways,
without really supporting their decisions in the land development process. Howev-
er, there are already some studies as to how spatial calculations can support plan-
ning by assessing the potential economic implications of spatial policies and master
plans [34, 35]. Taking into account the current trend of incorporating geoinforma-
tion into communication and management tools [36], the spatial absorbency calcu-
lations could constitute an element of development planning tools, which are used
to increase the effectiveness of urban planning decisions [37]. The element of spatial
calculations that is presented in this paper can be defined differently in other do-
mains. Spatial absorption is treated differently by urban planners, ecologists and
economists [38, 39]. However, regardless of the scientific background of all of these
approaches, their aim is to help answer the question of how much anthropopressure
can be handled by the socio-environmental system in order to guarantee a high level
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of quality of life for citizens [40] and support integrated sustainable development
approaches in local governance [41].

The developed method enabled the calculation of the spatial absorbency of ar-
eas in the Racibérz municipality. By comparing absorbency with potential demand
for new housing areas, decision makers will be able to assess if there is a high pos-
sibility that new master plans are needed. The workflow of calculations would en-
able any other municipality to apply it in their own case. The proposed solution fits
the current direction of developing decision support systems for sustainable local
development [42, 43]. The designed approach relies on generalized assumptions
of the average consumption of spatial resources, and in this sense it is similar to
fundamental analysis [44], where small variables are neglected in order to present
general trends and approximate benchmarks. The intention of this work is to initiate
a discussion as to how to assess spatial absorbency and share the advantages and
disadvantages of different approaches. Based on the conclusions from the Analysis
of the Status and Conditions of Spatial Planning Work in Municipalities report at
the end of 2017, it seems that there is an urgent need to establish universal require-
ments for municipalities to follow in order to balance supply and demand for land
for future development to ensure sustainable development. Due to the national le-
gal framework, the proposed solutions might be incorporated directly in Poland,
however, in case of similar regulations or implementation of best practice, spatial
absorbency assessment could also be considered a useful tool worldwide.
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Ocena chlonnosci przestrzennej
dla zrownowazonego zagospodarowania terenu

Streszczenie: Zréwnowazony rozwdj uzytkowania gruntow wymaga racjonalnego proce-

Stowa
kluczowe:

su podejmowania decyzji opartych na odpowiednich wzorcach zagospoda-
rowania przestrzennego. Jednak proinwestycyjna polityka wielu gmin czesto
prowadzi do powstawania dysproporgji pomiedzy popytem na tereny inwe-
stycyjne a ich podaza, co oznacza, ze rozwdj przestrzenny nie jest realizowany
w sposob zrownowazony. W celu unikniecia sytuacji nadmiernej konsump-
qji zasobow przestrzennych rzad centralny w Polsce wprowadzil obowiazek
oceny bilansu terenéw, co obejmuje oszacowanie chlonnosci przestrzennej na
poziomie lokalnego planowania przestrzennego. Celem tej pracy jest opraco-
wanie koncepcji oceny chtonnosci przestrzennej. W celu wybrania najlepszych
praktyk przeprowadzono przeglady dokumentéw dotyczacych lokalnych
polityk przestrzennych w Kaliszu, Lodzi, Toruniu i Gdansku. Na podstawie
przeprowadzonego przegladu przedstawiono metode oceny chtonnosci prze-
strzennej. Mozliwo$¢ wykorzystania proponowanego rozwiazania przedsta-
wiono na przykladzie gminy Racibdrz. Zastosowanie metody pokazuje, jakie-
go rodzaju geoinformacja jest konieczna do przeprowadzenia procesu oceny.
Wyniki obliczen stanowia informacje zwrotna, jaka otrzymuja wladze lokalne.
Praca zostata wykonana przy uzyciu oprogramowania ArcGIS. Uzyskane wy-
niki moga stanowi¢ podstawe do dalszych wielowymiarowych analiz zréw-
nowazonego planowania przestrzennego na poziomie lokalnym.

chtonno$¢, pojemnos¢ przestrzenna, planowanie przestrzenne, rozwdj prze-
strzenny



