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Abstract 
Identification of regions where land consumption prevails over demographic growth prompt public administrations to 
establish a recovery program. This paper took Poland as the research area, CORINE Land Cover and statistical 
population data to assess changes and regional diversity of land use efficiency status from 2000 to 2018. Land use 
efficiency was measured using SDG11.3.1 indicator – ratio of land consumption rate to population growth rate 
(LCRPGR). Results show that in 2006-2018 the land consumption was more diversified than in the 2000-2006. The 
differences concern both the value of the indicator and the spatial differentiation between regions. In the years 2000-
2006 more sustained population growth compared to built-up area expansion was observed in fourteen out of sixteen 
regions, while in 2006-2018 land consumption outweighed the demographic growth in as many as six regions. The 
changes in land consumption were influenced by the pursuit of the EU and Polish policies to achieve territorial 
cohesion and to increase the development of peripheral regions. 

Keywords: Land use efficiency, SDG 11.3.1, Population growth, Land consumption, Urbanisation, Spatial policy, 
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INTRODUCTION 

Sustainable development is a paradigm that shapes the development of many countries and regions in the 21st century. 
The idea of sustainable development is to think about the future environment, society and economy, which balance in 
the pursuit of development and improvement of the quality of life. In 2015 The United Nations (UN) member states 
established and adopted the seventeen interrelated and universal Sustainable Development Goals (SDGs) for well-being 
of all people around the World (UN 2015). The Goals addresses social, economic, and environmental objectives and are 
measured by 169 targets and 232 indicators. The SDG indicators are classified according to methodological 
advancement and data availability (UN 2017, UNSD 2020). The Tier I comprises the indicators that are “conceptually 
clear has an internationally established methodology and standards” but the data are systematically updated only for 
50% of counties. The Tier II indicators are also conceptually clear but “the data are not regularly produced by 
countries”. Indicators that are categorized as the Tier III are those with “no internationally established methodology or 
standards are yet available for the indicator, but methodology/standards are being (or will be) developed or tested” (UN 
IAEG-SDGs, 2020). It is assumed by the 2030 Agenda that the SDGs are achieved by the year 2030 (UN 2017, UNSD 
2020). Since 2015, many organizations, public bodies and scientists have made great efforts to measure and monitor the 
achievement of the goals. 

One of the biggest challenges of the 2030 Agenda is ‘Make cities and human settlements inclusive, safe, resilient, and 
sustainable’ formulated as the SDG 11. The observed unrestrained expansion of cities has serious implications for the 
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urban environment and economy (Bielecka 2020; Kocur-Bera and Lyjak 2021; Nowak et al. 2021). Uncontrolled 
development makes provision of housing, roads, water supply, and public services prohibitively expensive. 
Furthermore, cities are often built on productive agricultural areas and unguided growth results in the unnecessary loss 
of agricultural surfaces (Bielecka et al. 2020). Hazardous development also consumes forest and natural lands needed 
for city parks and recreational areas, thus making it difficult for residents to access green areas and active recreation. 
The greatest obstacles in monitoring towards the SDGs is availability of open and comparable geospatial data to support 
and track the progress in achieving SDGs. Scientists and the UN suggested that Earth Observation (EO) that provides 
reliable, updated, and cost-effective data resources to monitor SDGs’ indicators from local to global scales on a regular 
basis (Calka et al. 2022; Estoque 2020). The lack of data is particularly burdensome for the monitoring the target 11.3 
deals with “Inclusive and sustainable urbanization”. Dukaczewski and Markowska (2020, 2021) proposed a 
juxtaposition of Sentinel images, CORINE Land Cover data and statistical data to calculate the SDG 11.3.1 dasymetric 
index for the city level. Furthermore, the authors argued that utilizing Earth Observation (EO) data requires powerful 
computing capabilities and advanced analytical methods. 

This paper focuses on the calculation and analysis of the SDG 11.3.1 indicator, which is the "ratio of the rate of land use 
to the rate of population growth", referred hereinafter as LUE, in Poland in spatial reference to voivodships in 2000-
2006 and 2006-2018 periods. Identifying regions where land consumption outweighs demographic growth is of 
paramount importance as it prompts the public administration to establish a recovery program. Furthermore, the paper 
argues that the visualization of both processes, e.g. land consumption and population growth rates in the form of 
thematic maps and corresponding graphs are essential where the implementation of a national or regional development 
policy does rely on sustainable social, economic and environmental growth. Promoting coherence between population 
growth and built-up area growth is important as it can help leverage mutually beneficial connections and avoid 
problems with adverse environmental changes and their impacts on the biodiversity and climate at local and global 
scale. The remainder of this paper is structured as follows: the next section describes the methods, research area, and 
data used, followed by a description and discussion of the results, final comments, conclusions, and recommendations. 

METHODS AND MATERIALS 

SDG 11.3.1 calculation and mapping 

The SDG 11.3.1 indicator, denoted as LUE (or LCRPGR), measures how efficiently cities utilize land, which is 
determined as a ratio of the rate at which cities spatially consume land against the rate at which their populations grow 
(see Equations 1-3). 

LUE=LCR/PGR   (1) 

LCR= ln (Urbt+1/Urbt)   (2) 

PGR=ln (Popt+1/Popt)   (3) 

where: LCR is the land cover ratio and PGR is the population growth ratio. Popt denotes total population in the initial 
year for a spatial unit, Popt+n - the total population in the final year for a spatial unit and t is the number of years 
between the two measurement periods. Urbt indicates total area extent of the built-up area for a spatial unit for the initial 
year using CORINE Land Cover data (km2), while Urbt+n is the total area extent of the built-up area for a spatial unit for 
the final year using CORINE Land Cover data (km2) and t is the number of years between the two measurement 
periods.  

The LUE was computed for two periods, namely: 2000-2006 and 2006-2018. The reason for choosing such periods of 
analysis was Poland's accession to the European Union in 2004 and the possibility of using many EU funds including 
the Cohesion found, the European Regional Development Fund (ERDF), the Social Founds and Rural Development 
Programmes (RDPs). These funds ensured faster development of the country on many levels, which undoubtedly is 
reflected in the land use efficiency. A LUE value close to 1 implies a significant efficiency of land use, denoting a 
similar value of both LCR and PGR, while a value greater than 1 as well as below −1 indicate inefficient land use. The 
results of LUE analyses are presented in the form of thematic maps, mainly choropleth in three to five classes (Calka 
2021, Calka et al. 2022), sometimes supplemented with charts or graphs. To facilitate the understanding of land use 
efficiency values, we present multiple views on the LUE values assigned to voivodships as well as land consumption 
and population growth rates and their trajectories. 
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Study area 

This research focuses on Poland, the country located in Central Europe (Figure 1). Country is divided into 16 
administrative voivodeships (provinces), covering an area of 312,696 km2. With the population of over 38 million and 
is the fifth-most populous member state of the European Union. Cities are home to 61.5% of the country's population, 
with an average density of 1,105 people per km2. The population density in rural areas is 50 inhabitants per km2, with 
the national average of 123 people/km2 (GUS 2018). The capital, Warsaw, is the largest Polish city, with more than 
1.764 million inhabitants. In total, four other Polish cities have more than 500,000 inhabitants, and 16 where the 
population exceeds 200,000. In many regions, the population density far exceeds the Polish average, e.g., in the Silesian 
voivodeship the value is 372 people/km2, which is more than three times the national average. The population growth 
rate is negative now, below −0.08%. The most densely populated areas are found mainly in the southern and central 
parts of the county, due to significant economic development. The north-western and north-eastern terrains are the least 
populated due to vast, heavily forested areas and a small number of cities (GUS 2018, Calka and Bielecka 2019). 

 

Figure 1. Study area location (source: https://mapy.geoportal.gov.pl/imap/Imgp_2.html?gpmap=gp0) 

Data used 

Information on urban areas was derived from the CORINE Land Cover (CLC) datasets via Copernicus Land 
Monitoring services. CLC provides information on the Earth’s surface, both physical and biological, including land 
changed by human construction, agricultural land, woodland and water bodies (Bossard et al. 2000), based primarily on 
computer-assisted interpretation of satellite images. 

 

(a) (b) 

Figure 2. Poland, a) CORINE Land Cover level 1; b) population trend sine 1970 
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Anthropogenic surfaces, agricultural land, woodland, wetland and water bodies constitute the first level of the CORINE 
hierarchy, which, in turn, is divided into 15 classes constituting level 2; in comparison, level 3 is made up of 44 classes. 
Urban areas according to IAEG-SDGs group (2020) comprise all land cover types aggregated in CLC level one 
category “Anthropogenic surfaces” Five CLC inventories have been produced, for 1990, 2000, 2006, 2012 and 2018. 
The proposed analysis uses data from 2000, 2006 and 2018 (Figure 2a). Data on the population in cities, aggregated by 
voivodships for the reference years 2000, 2006 and 2018, were obtained from the Central Statistical Office (GUS 2019). 
Since 1995, the population in Poland is observed, also in urban areas. Population decline is generally related to the 
deterioration of the country's demographic situation, and a negative migration balance resulting mainly from 
suburbanization. The urban population oscillated from 61.5% of the total country population in the year 2000 to 60.6% 
in the 2018 (see Figure 2b). 

RESULTS AND DISCUSSION 

Between 2000 and 2006, according to the CORINE Land Cover data, the artificial areas expanded in Poland by 17.8% 
from 9,905.5 km2 to 1,2045.6 km2. The greatest increase in the built-up area took place in Świętokrzyskie and Łódzkie 
voivodeships, by approx. 2% of the voivodeship area. Simultaneously, population decreased by 1.23% at the country 
level, with the biggest shrink in Łódzkie voivodeship (3.08%). In 2006 only Mazowieckie and Podlaskie voivodships 
were characterized by a slightly increased population compared to 2006, by 1.26% and 0.23, respectively (see Figure 3). 

  

Figure 3. Poland – changes in urban areas (a) and population (b) 

Between 2006 and 2018 artificial areas have undergone significant unsustainable land use development, which have 
resulted in increased built-up area 12,045.6 km2 to 18,607.8 km2 (35.3%). The highest expansion was observed in the 
north-east and central regions of Poland, in Warmińsko-Mazurskie, Podlaskie and Kujawsko-Pomorskie voivodships. In 
these voivodships, the area of built-up areas in 2018 doubled compared to 2006, with a simultaneous decrease in the 
population by 3% and 1.5% in Kujawsko-Pomorskie and Warmińsko-Mazurskie, respectively. On the other hand, in 
Podlasie, the population slightly increased by 0.92%. In the period 2006-2018, there was a further decline in Polish 
population, although a slight increase was recorded in five voivodships. Changes in the built-up area and the number of 
people determine the values of the population growth rate (PGR) (see Figure 4), and land consumption rate (LCR) (see 
Figure 5), and finally land use efficiency (LUE) (see Figure 6).  
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a) 2000-2006 b) 2006-2018 

Figure 4. Population Growth Ratio (PGR) –2000-2006 (a) and 2006-2018 (b) 

In most voivodships, the PGR coefficient took negative values, indicating depopulation, while the population decline in 
2000-2006 was much greater than in 2002-2018, covering 14 and 10 voivodeships, respectively, as it is seen in Figure 5 
and Figure 6. 

  
a) 2000-2006 b) 2006-2018 

Figure 5. Land Consumption Ratio (LCR) –2000-2006 (a) and 2006-2018 (b) 

Land consumption, as shown in Figure 5, has resulted in increased soil sealing, more scattered settlement, increased 
mixed land use, and a loss of peri-urban agro-ecosystems. (Bober at al. 2016). These changes therefore affect the 
structure of urban green spaces and their ability to provide ecosystem services that for cities such as erosion control, air 
purification and outdoor recreation (Fayet et al. 2022). 

 

Figure 6. Poland - land use efficiency (LUE) values in 2000-2006 and 2006-2018 periods 
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The cartographic presentation of the LUE index, shown in Figure 6, made it possible to identify regions where the rate 
of urban area expansion was greater than the demographic growth (LUE > 1) as well as regions where demographic 
decline was simultaneous with spatial expansion (LUE < 0). Negative LUE values may indicate two opposite scenarios: 
population growth and a land use decrease or, inversely, a population decrease and a land use increase.  Similarly, when 
the LUE reaches positive values, it could correspond to two situations: an increase in the population and an increase in 
the land consumption or, inversely, a decrease in the population and a decrease in the land consumption. Nevertheless, 
LUE's interpretation may be ambiguous when land use and population remain unchanged, what was noticed by Calka et 
al. (2022).  

The comparison of the obtained results of land use efficiency due to the use of different data and research periods, but 
also other methodological approaches is only indicative. Nonetheless, study conducted by Nicolau et al. (2019) showed 
that most Portuguese municipalities in 2007–2011 and 2011–2015 had negative LUE values, what indicated that 
human-made surfaces grew, while the population decreased. These results are very similar to those presented in this 
study. Obviously, the obtained LUE results are subject to errors, carried over from the source data (Bielecka and Burek 
2019). Although the CORINE Land Cover data is highly reliable, their spatial coverage is limited to Europe only. OSM 
can be an alternative source of information about built-up areas and as found by Borkowska and Pokonieczny (2022). 
could be used to measure sustainable development goals, which mainly include goal 11. 

Finally, it is worth to mention over the last 10 years, the Polish government has developed two main strategic 
documents: Poland 2030 (2012) and the Strategy for Responsible Development (2017), in which attention was paid to 
the sustainable development of regions and assumptions for detailed programs aimed at responsible and sustainable 
development. 

CONCLUSIONS 

Results show that in 2006-2018 the land consumption was more diversified than in the 2000-2006. The differences 
concern both the value of the indicator and the spatial differentiation between regions. In the years 2000-2006 more 
sustained population growth compared to built-up area expansion was observed in fourteen out of sixteen regions, while 
in 2006-2018 land consumption outweighed the demographic growth in as many as six regions. The changes in land 
consumption were influenced by the pursuit of the EU and Polish policies to achieve territorial cohesion and to increase 
the development of peripheral regions.  

Rapidly growing populations or urban development increase the pressure on resources and slow any rise in living 
standards, thus sustainable development can only be pursued if population size and growth are in harmony with the 
changing productive potential of the ecosystem. Yet, in the end, sustainable development is not a permanent state of 
harmony, but a process of change in which the exploitation of resources and investment directions should be balanced 
in the interests of the present and future state of the environment, society and economy. 

It should also be noted that the LUE calculation methodology leads to some uncertainty when the population counts, or 
built-up area were stable in the studied area and period (PGR = 0 and/or LCR=0). 
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