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Abstract
Socio-economic development and intensive urbanisation in coastal areas in many parts of the world in recent decades
have led to a rapid increase in built-up areas. These activities have negatively affected the environment and upset the
balance in the vulnerable coastal ecosystems. The Global Artificial Impervious Areas (GAIA) data analysis indicates an
Artificial Impervious Surfaces (AIS) increase of 1.5 times since 1990. Since the 1960s, AIS has been dynamically
expanded along the Bulgarian coastal zone. The main factors contributing to increasing AIS are urbanisation,
industrialisation and tourism development processes. This study aims to assess the dynamics of impervious surface
Bulgarian coastal region in the period 1975-2018, the not studied in detail so far. The analysis is carried out for the Black
Sea coastal municipalities using Google Earth Engine platform of the Global Man-made Impervious Surface (GMIS),
GHSL (JRC-EC) and GAIA data. Some inferences about the temporal trend of growing and spreading of AIS for fourdecadal changes are made. Furthermore, recommendations for national spatial planning for responsible national
authorities are provided.
Keywords: Impervious surface, Built-up, GHSL, GAIA, Copernicus Program, Landsat, Bulgarian Black Sea coast
INTRODUCTION

The impact of increased built-up areas on several socio-economical fields has been established in many places along the
European and world coastal regions in the last decades. The urbanisation leads to significant changes in landscapes and
ecosystems, and poses many problems, creating risks for environmental and coastal activities. Among them, the most
affected are the water cycle, water retention, risk of coastal flooding, overexploitation of the natural resources,
disruption of the natural and protected habitats and the agricultural areas, increasing the soil and water pollution. There
is need of timely, accurate and frequent information to artificially impervious areas for tracking and controlling the
process of urbanisation and changes in Land Cover/Land Use Change (LC/LUC), as well as their impact on the
environment and biodiversity (Gong et al., 2020).
The process of soil sealing in coastal area refers to soils used and permanently built for settlement construction,
industrial and infrastructural construction, commercial and transport sections, road and railway networks. In the coming
years, the process will be even more pronounced due to the continuing growth rates of some settlement structures and
the development of ancillary infrastructure.
A study of the European environmental agency based on Copernicus Land monitoring High-Resolution Layer
'Imperviousness' shows that only for the period 2006–2009, the AIS increased with 4.9% for selected European
countries and Bulgaria, it is about 4% (Zaucha and Świątek, 2013; EEA, 2018). In March 2020, the European
Environmental Agency published maps of the imperviousness and imperviousness changes in all EEA-39 countries for
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the period 2006–2015 (https://www.eea.europa.eu/data-and-maps/indicators/imperviousness-change-2/assessment). The
average annual increase in soil sealing relative to the country area varied from 0% to 0.088% with an annual average
increase of 429 km2. For Bulgaria, the calculated percentages of country sealed in 2009 are 1.89% and in 2012 is
1.94%; the annual sealing increases for the period with 0.34% and annual change relative to the country area is 0.006%.
This fact poses it among the countries with the low sealed area as a percentage of total area (i.e. <1.0%) for that period.
The EU policy objective is to measure the extent and dynamics (change) of soil sealing, resulting from the development
of urban and other artificial land uses. The intentions are to publish maps of soil sealing/imperviousness on an annual basis
for the upcoming 2015–2018 products at 20m spatial resolution using Earth observation data (moving to 10m from the
2018 reference year onwards).
The preparation of thematic maps for AIS on an annual basis with the necessary accuracy for practical applications
requires extensive computer resources and efficient mapping algorithms for processing big data sets from different
sources. The accuracy of mapping the urbanisation and AIS worldwide significantly improve in the last two decades
with the freely available satellite data. Starting initially from 1000m resolution at a global scale, going through 250–
500m from MODIS satellite data, to 30m resolution based on Landsat data, at present AIS can be mapped with 10m
resolution using Sentinel-2 data. The Global Artificial Impervious Areas (GAIA) data analysis indicates an increase in
Artificial Impervious Surface (AIS) 1.5 times since 1990. AIS is an essential cover type to characterise the built-up area
and urban expansion (Liu et al., 2014; Gong et al., 2020).
The main environmental problems and trends in the Black Sea coastal zone are mainly related to soil sealing, erosion,
landslides, local pollution and acidification and salinisation (MOEW, 2016). The negative impact is expected to
increase the anthropogenic pressure from the construction of new coastal hydro-technical facilities related to tourism,
port activities, coastal development and urbanisation. The decrease in the habitat area of shallow sublittoral rocks
compared to the original reference state as a result of sealing and backfilling by human-made structures is significant in
the coastal zone. In the region of Kaliakra - Galata it is > 50%, moderate in the region of Emine - Sozopol (7%) and
insignificantly (<1%) in the other regions. Urbanisation in the coastal municipalities along the Bulgarian coast is one of
the most visible processes since the 1960s. This process is due to industrialisation, the baby boom and the development
of international tourism, which have not been comprehensively studied so far. The municipalities in the coastal area are
among the leading regions in Bulgaria regarding urban development. They are experiencing urbanisation along with
pressure from local migration, as people are looking for a better lifestyle and basic life necessities, such as education,
health, and employment.
The study aims to present an overview of the available databases of the impervious surfaces for Europe and an attempt
to evaluate their AIS / built-up area dynamics for the Bulgarian coastal zone in the period 1975–2018. The specific goal
is to analyse the spatial and temporal characteristics of the AIS expansion in 14 municipalities in Eastern Bulgaria,
bordering the Black Sea. The analysis is carried out using satellite data using the full archive of 30m resolution Landsat
images on the Google Earth Engine platform of the Global Human Settlement Layers (GHSL) produced by JRC-EC.
With ancillary ‘imperviousness’ datasets from the Sentinel-2 of the Copernicus Program optical data with 20m
resolution and national datasets, we verified the delineated artificial impervious surfaces on a municipal level using
annual maps of the GAIA developed by Tsinghua University, China. Some inferences about the temporal trend of
growing and spreading of AIS for four-decadal changes are made, and some recommendations for national spatial
planning for responsible national authorities are provided.

IMPERVIOUS SURFACES AND BUILT-UP AREAS MAPPING BY EARTH OBSERVATION
Impervious surfaces, soil sealing and built-up areas definitions
Impervious surfaces are generally human-made land surfaces such as pavements (roads, sidewalks, driveways and
parking lots) that are covered by impenetrable materials such as asphalt, concrete, brick, and stone and rooftops that
repel rainwater and do not permit it to infiltrate (soak into) the ground. These areas include representing materials that
do not absorb water or moisture, including rooftops, walkways, patios, driveways, parking lots, storage areas, concrete
or asphalt paving, gravel roads, packed earthen materials, macadam or other surfaces that similarly impede the natural
infiltration of the runoff. Some natural surfaces can be relatively impervious, for example, compacted clay in some
desert environments. Soils compacted by urban development or agriculture practices are also highly impervious.
Impervious surfaces cause the water to flow off the ground in the form of urban runoff or stormwater. On such areas,
the rainfall can cause the rapid overland flow to drainage inlets and causing unnaturally large and sudden flows that
contribute to stream erosion. Also, the high velocity and high volume of water flowing off impervious surfaces cause
more significant and more frequent flooding. AISs are considered a critical indicator of the urbanisation growth rate in
terms of the quality of urban development. The built-up indicator (often used interchangeably to the AIS although built-up
areas are part of the total imperviousness) is used for the first time in EU coastal areas within the project DEDUCE (Marti
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et al., 2007), and for the Bulgarian coastal zone in (Vatseva, 2015). AIS is calculated as a percentage of the total area
covered by impermeable material.
The term 'sealing' is internationally used in soil science for describing the effect of soil crusting (FAO/ISRIC 2000).
The degree of sealing is defined as the percentage of area that is covered by an impermeable material that is very close
to the definition of AIS. In European land-use planning, the term 'soil sealing' is also used to indicate the separation of
soils from the atmosphere and the above-ground biosphere by constructions (Burghardt, 2006). The Task Group on Soil
Sealing, Soils in Urban Areas, Land Use and Land Use Planning of the European Commission identified three different
ways of defining sealing following different approaches:
•

A systems approach: Soil sealing is the separation of soils by layers and other bodies (consisting of totally or
partly impermeable material) from other compartments of the ecosystem, such as the biosphere, atmosphere,
hydrosphere, anthroposphere and other parts of the pedosphere.

•

A purpose-related approach: Soil sealing is the covering of the soil surface with impervious material, or the
changing of its nature so that the soil becomes impermeable so that the soil is no longer able to perform the
range of functions associated with it.

•

Soil sealing, including natural characteristics: Changing the nature of the soil so that it behaves as an impermeable
medium. Compaction of soils or subsoils may affect larger areas than the sealing as defined in this definition.

Built-up and related land, in land use and agriculture statistics, comprises residential land, industrial land, quarries, pits
and mines, commercial land, land used by public services, land of mixed-use, land used for transport and
communications, for technical infrastructure, recreational and another open land. Separate farm buildings, yards and
annexes are excluded (https://ec.europa.eu/eurostat/statistics-explained/index.php/Glossary:Built-up_land). There are
some differences between Closed-block built-up areas and Open-block built-up area and block the built-up border area
according to the urban land-use area. In some cities, the first could be 8-100%, and the second one can comprise 7-90%,
respectively, from the sealed area (Burghardt, 2006). The European Commission applied a universal definition of
settlements across all countries (https://ourworldindata.org/urbanization): 1) Urban centre: must have a minimum of
50 000 inhabitants plus a population density of at least 1 500 people per square kilometre (km2) or density of build-up
area higher than 50%; 2) Urban cluster: must have a minimum of 5 000 inhabitants plus a population density of at least
300 people per square kilometre (km2); 3) Rural: fewer than 5 000 inhabitants. However, these include demographics
(census) data which is not always available when studying soil sealing.
Furthermore, the AIS represents a land cover class rather than a land-use class which the definitions of the urbanisation
provide. Therefore, both terms cannot be used interchangeably, although the human settlements are one of the leading
‘culprits’ for soil sealing. In this study, we will not develop on the CORINE Land Cover classes and definitions and
EAGLE classification which cover the AIS because ‘Imperviousness’ is already developed as separate products by
JRC-EC and Copernicus program. In the following sub-sections will be given a brief overview of the freely available
AIS RS/EO products used in this study.

‘Imperviousness’ HRL (Copernicus)
The Copernicus ‘Imperviousness’ maps are ‘Status’ and ‘Change’ maps (Imperviousness, Copernicus 2020). The
‘imperviousness’ products capture the percentage and change of soil sealing. Built-up areas are characterised by the
substitution of the original (semi-) natural land cover or water surface with an artificial, often impervious cover. The
imperviousness High-Resolution Layer (HRL) depicts the spatial distribution of artificially sealed areas, including the
level of soil sealing per area unit. The level of sealed soil (‘imperviousness’ degree 1–100%) is produced using a semiautomated classification, based on calibrated NDVI imagery from satellite data (Langanke, T., 2018). Imperviousness
data is available for the reference years 2006, 2009, 2012 and 2015, and contains two types of products: 1). “Status
layers” which is the percentage of sealed area for each status layer for any of the four reference years (e.g. degree of
Imperviousness 2012). The status layers are available in the original 20m spatial resolution and as aggregated 100m
products. 2). Change layers which are two types of change products for each of the 3-year periods between the four
reference years (2006–2009, 2009–2012, 2012–2015), and also, for the period 2006–2012 (that is in line with the 6
years between two Corine Land Cover products). Data for 2006 and 2009 were produced initially in the frame of GMES
precursor activities and Geoland2 project (Imperviousness, Copernicus 2020).

Global Human Settlement Layers, GHSL (DG JRC-EC)
The GHSL (Built-Up Grid 1975–1990–2000–2015), produced and released by JRC-EC, relies on the design and
implementation of new spatial data mining technologies over heterogeneous data including global, fine-scale satellite
image data streams, census data, and crowdsources or volunteered geographic information sources. These data contain a
multitemporal information layer on “built-up” presence as derived from the Landsat Global Land Survey (GLS) image
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collections (GLS1975, GLS1990, GLS2000, and ad-hoc Landsat 8 collection 2013/2014). The data have been produced
by utilising Global Human Settlement Layer methodology in 2015 (Pesaresi et al. 2015).

FROM-GLC, GAIA (Tsinghua University)
The FROM-GLC (GAIA) dataset by Tsinghua University contains annual change information of global impervious
surface area from 1985 to 2018 at a 30m spatial resolution. Change from “pervious” to “impervious”, or “built-up” used
interchangeably in this study, was determined using a combined approach of supervised classification and temporal
consistency checking. Impervious pixels are defined as above 50% impervious, which is the main difference with GHS
Layers provided by JRC-EC. The year of the transition (from ‘pervious’ to ‘impervious’) can be identified from the
pixel value, ranging from 34 (year: 1985) to 1 (year: 2018). The dataset is temporally consistent, following the
conversion from ‘pervious’ (e.g., non-urban) to ‘impervious’ (e.g., urban) monotonically (Gong et al. 2020).

STUDY AREA
In this study, we analyse the AIS for the territory of 14 municipalities from north to south, including Shabla, Kavarna,
Balchik, Aksakovo, Varna, Avren, Dolni Chiflik, Byala, Nesebar, Pomorie, Burgas, Sozopol, Primorsko and Tsarevo,
located in three administrative districts Dobrich, Varna and Burgas. The study area covers the Black Sea coastal zone
with geographical coordinates 41°.9725N – 43°.7389N and 27°.2111E – 28°.6078E. The entire territory of the
municipalities under investigation is 5737.3 km2 with a length of the coastal line 378 km (NSI, 2020).
Based on the morphographic relief features and following the zoning of the Black Sea coast (Popov and Mishev, 1974),
the region is divided into North and South Black Sea coasts. For structure and geomorphology, the coastal zone is
divided into four subzones (from North to South): the Moesian, Balkan, Burgas, and Medni rid–Strandja subzones. The
study area is characterised by significant natural and geographical diversity. In the northern part, there is a lowlandplain, plateau-hilly and mountainous terrain; the dry valleys are typical. The southern Black Sea coast is characterised
by lowland and hilly terrain, with a very weakly and very strongly indented coastline, with a high steep (cliff) shore and
low accumulation shore with wide or small sandy strips, with lagoons, estuaries, lakes, various natural forest and grass
vegetation. The Bulgarian coastal zone is exposed to a wide variety of natural hazards such as soil compaction, erosion,
landslides, local pollution and acidification and salinisation. Their complex impact may cause negative social and
economic consequences and environmental changes.

MATERIALS AND METHODS
In the presented study, the following datasets were used: GHSL (JRC-EC) built-up product for the period 1975–2014
and FROM-GLC, GAIA (Tsinghua University) for the period 1985–2018. Both products were produced with the
longest stable and time consistent civilian satellite data record of the Landsat programme. The datasets were extracted
from Google Earth Engine using a shapefile of the Bulgarian Black Sea municipalities which have a coastline.
Descriptive statistics of the pixel count for each of the available classes were extracted and recomputed in km2. The
results were consecutively analysed and plot to get an insight into the driving processes and to reveal the general trends.
Correlation analysis between different epochs was also employed to analyse the consistency of the observed trends.

RESULTS AND DISCUSSIONS
Spatial structure of the urbanised territories of the Black Sea coastal zone for the period 1977–2011 was studied
previously by Vatseva (2015). According to her estimates, the territorial distribution of the urbanised territories during
this period shows a steady increase in the total area of urban areas from 30 439.54 ha (1977) to 33 607.42 ha (2011),
and in 2011 it represented 5.83% of the area of the Black Sea coastal zone. The highest relative share of the urbanised
territories for 2011 have the municipalities of Varna (33.59%), Burgas (10.75%), Balchik (6.39%), Aksakovo (5.56%)
and Nessebar (5.19%), and the lowest - Primorsko (1.81%) and Tsarevo (1.66%). The data on the relative share of the
types of urbanised territories show that the settlements dominate (52.56%), followed by the places for sports and
recreation (26.07%) and the industrial and commercial sites (15.05%). These types of territories are continually
increasing their area during the period 1977–2011, while there is a decrease in green areas in settlements. There is an
apparent concentration of changes mainly after 2000 in four municipalities: Nessebar, Kavarna, Balchik and Sozopol.
Another feature is the concentration of changes (after 2000) near the coastline.
In contrast, the changes in the first period of 1977–1990 are located mainly in the interior of the coastal zone and are
located primarily in the area of major cities - Varna and Burgas. The analysed data show that throughout the study
period, urban areas increased growing by 999.68 ha in 1977–1990 and 1 819.13ha in 2006–2011. In general, for almost
all municipalities, the changes remained minimal in the first decade of the period of socio-economic and political
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transformation (1990–2000), and are maximum in 2000–2006. As an essential feature, it should be noted that the total
changes in the southern part of the Black Sea coastal zone are significantly more than those in the north. This built-up area
is very pronounced in the period after 2000. The dynamics of the changes of the urbanised territories with a maximum area
of the changes is in the municipalities Nessebar, Kavarna, Balchik and Sozopol. There is a sharp expansion of the
urbanised territories in these municipalities for the period 2000–2006, and in 2006–2011 the growth rates remain high only
for Kavarna. The structure of the changes shows that the changes in the places for sports and recreation have the most
significant area. In 1975–1990 they covered 215.19ha, and in 2006–2011 they had almost seven times larger area. The
study of the structure of the changes reveals that in 2006–2011 the significant increase in the area of places for sports and
recreation (new hotels, resorts, holiday villages) is mainly due to the transformation of construction sites that have a
maximum area of the changes in 2000–2006. In connection with the increase of the area of the industrial and commercial
sites for the period 2006–2011, it can be noted that this is mainly related to the development of Kaliakra Wind Farm in
Kavarna municipality.
The results from the analysis of the GHS layers and FROM-GLC (GAIA) datasets carried out in our study are presented
in Table 1.

a)

Primorsko

1990–2000 0.29

0.64

1.03

0.62

2.94 0.89 1.26 0.38 2.02 0.71 1.11 0.21

0.24 0.19

2000–2014 0.94

3.20

5.11

2.24 11.65 4.37 4.67 2.12 10.26 1.67 3.22 1.34

0.38 0.51

1985–1990 0.42

0.93

2.04

0.49 13.30 0.41 0.38 0.40 2.45 1.48 7.16 0.66

0.24 0.36

1990–2000 0.40

0.54

1.62

0.41

8.88 0.36 0.46 0.44 2.03 1.01 6.25 0.44

0.23 0.19

2000–2014 1.76

2.67

6.17

2.16 21.15 0.97 4.32 1.92 10.01 3.63 6.24 0.87

0.45 0.60

Tsarevo

0.62 0.65

Sozopol

7.65 1.96 1.54 0.69 1.66 3.07 11.55 1.61

Burgas

2.84

Pomorie

3.11

Nesebar

Varna

1.34

Byala

Aksakovo

Dolni Chiflik

Balchik

1975–1990 1.03

Avren

Kavarna

GAIA

Shabla

GHSL

Built-up epoch

Data sets

Table 1. Impervious (FROM-GLC, GAIA layers; Tsinghua University) and built-up area changes (GHSL; DG JRC-EC)
in the Bulgarian Black Sea municipalities [Units are in km2]

b)

Figure 1. Comparison of built-up trends for GHS layers and impervious areas changes for GAIA for different epochs:
a) trend line for the impervious surface from 1980 to 2000 epoch, R2=0.980; b) trend line for the built-up area from
1980 to 2000 epoch, R2=0.934
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From Table 1, the analysis reveals a strong correlation, i.e. R2 = 0.934 (GHS) and R2 = 0.980 (GAIA), between the
built-up area estimates from 1990 to 2000 epoch vs built-up area from 2000 to 2014 epoch (GHS) and impervious area
estimates from 1985 to 1990 epoch vs impervious area from 1990 to 2000 (GAIA). This result reconfirms the trend of
increasing built-up areas due to the economic development of Bulgaria after its change from plan to a market-oriented
economy.

Built-up and impervious area changes in 1985–1990 epoch
The top three lowest built-up rates according to GHSL data in the 1975 to 1990 epoch are the Black Sea municipalities
of Primorsko (0.62 km2) followed by Tsarevo (0.65 km2) and Byala (0.69 km2). These lowest impervious area rates
three municipalities for the 1985 to 1990 epoch are almost twice as low according to GAIA dataset, i.e. Primorsko (0.24
km2) followed after Tsarevo (0.36 km2) and Dolni Chiflik (0.38 km2), which can be attributed with the different timespan of both datasets and the methodology for extracting the impervious services.
According to GHSL data, the highest built-up rates from 1975 to 1990 epoch are in the Black Sea municipalities Burgas
(11.55 km2) followed by Varna (7.65 km2) and Balchik (3.11 km2). These highest impervious area change rates for top
three municipalities for 1985–1990 are different according to GAIA, i.e. Varna (13.30 km2) followed by Burgas (7.16
km2) and Nesebar (2.45 km2). Interestingly, the first two most built-up municipalities of Varna and Burgas are very
different from one another in both datasets. This fact can be explained with the different periods for the GHS and GAIA
products which for GHS spans ten years more. It can also be inferred that both main Bulgarian Black Sea towns have
exchanged their places in the construction rates in the ten years (1975–1985). However, it is also worth noting that
Varna is reported with lower values of new built-up areas for a more extended period in the case of GHS compared to
the product from the shorter period of GAIA. It can be inferred that the 1975 product of GHS might have some
differences and inconsistencies with following products and layers from GAIA which can be attributed to the
downscaling of the different spatial resolution of ERTS or later on Landsat to 20m spatial resolution which is the GHSL
target resolution. It is well known that the 1975 epoch data of Landsat is not fully compatible with the 1985 epoch data
due to different spatial and spectral resolution. Therefore, the GHS layer of 1975 might be worth a reprocessing to
match the accuracy of newer Landsat products.

Built-up and impervious area changes in 1990–2000 epoch
According to GHSL data, the lowest built-up rates from 1990 to 2000 epoch are the Black Sea municipalities Tsarevo
(0.19 km2) followed by Sozopol (0.21 km2) and Primorsko (0.24 km2). These lowest impervious areas change rates
three municipalities are slightly different according to GAIA, i.e. Tsarevo (0.19 km2) followed by Primorsko (0.23 km2)
and Avren (0.36 km2). As the period of this epoch is equal to the differences observed in the first period under scrutiny
are closing in.
The top three highest built-up rates according to GHSL data in the 1990 to 2000 epoch are the Black Sea municipalities
of Varna (2.94 km2) followed by Nesebar (2.02 km2) and Dolni Chiflik (1.26 km2). These lowest built-up rates three
municipalities are different according to GAIA dataset, i.e. Varna (8.88 km2), followed by Burgas (6.25 km2), Nesebar
(2.02 km2). The obtained result is observed as both datasets appear to be consistent in the lower estimates while at
higher, they tend to deviate more.

Built-up and impervious area changes in 2000–2014 epoch
According to GHS data, the lowest built-up rates from 2000 to 2014 epoch are the Black Sea municipalities Primorsko
(0.38 km2), followed by Tsarevo (0.51 km2) and Shabla (0.94 km2). These lowest impervious area rates in three
municipalities are slightly different according to GAIA, i.e. Primorsko (0.45 km2), followed by Tsarevo (0.60 km2) and
Sozopol (0.87 km2). Both datasets, although slightly disagree, reveal the same trend expressed in the previous epoch
1990–2000 for these municipalities.
The highest built-up rates according to GHS data in the 2000 to 2014 epoch are the Black Sea municipalities of Varna
(11.65 km2), followed by Nesebar (10.26 km2) and Balchik (5.11 km2). These lowest impervious area rates three
municipalities are again deviated from GHSL almost twice according to GAIA dataset but continue the trend from the
1990 to 2000 epoch, i.e. Varna (21.15 km2), Nesebar (10.01 km2), and Burgas (6.24 km2). Interestingly, the GAIA’s
estimate for Nesebar is close to the GHSL estimate, which is not the case for the third candidate.
The annual trend of the built-up areas and imperviousness is also interesting to be analysed. It can be traced back with
the GAIA product, which allows analysis from 1985 until 2018, i.e. four years more in comparison to GHSL of JRCEC, see Fig. 4. However, because 1985 is the base year of the impervious areas, the analysis of changes is possible from
1986 onwards. The analysis of the figure reveals a more detailed look at the trends which are hindered in the decadal
assessments. Here one can see the ups and downs of the construction and try to link it to the social and economic
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processes. For instance, it is interesting to observe the social and economic stagnation and crisis in the late 1980s
followed by a short construction revival in the early 1990s of the 20th century, i.e. 1988 and 1991 which is then
followed by a long ‘hiatus’ of construction until 1998. This period is well documented in Bulgarian socio-economic
history as a ‘transition’ period for the economy from planning to the market economy. A steady increase in the
economic activities in construction is followed after the early years after 2000 until the EU accession of Bulgaria, i.e.
2007. The sudden decline in construction after the accession of Bulgaria in the EU can be explained by the economic
uncertainty and the introduction of new EU standards for the sector.

Figure 2. Built-up area changes for Bulgarian Black Sea municipalities in 1975-2014 according to GHS layers (DG
JRC, EC)

Figure 3. Impervious area changes for Bulgarian Black Sea municipalities in 1985-2014 according to GAIA layers
(Tsinghua University)
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This process continued from the Global Economic Crisis in 2008 until 2011, when the trend was reversed following the
economic recovery. It is apparent from the figure that the highest rates in construction were 2014 and 2015 after the
economic recovery which short trend is again diverted to a significant drop in new construction activities leading to
almost a full hiatus in some municipalities such as Primorsko, Sozopol and Tsarevo. After the COVID-19 crisis, the
sector is expected to recover even more slowly than after the crisis in 2008, as many tourist facilities will be closed due
to lack of tourists or strict new regulations to which existing facilities would not be able to respond. However, this trend
can be resumed anytime if the public investments are diverted toward the construction of the Black Sea highway which
is seen as a significant factor to facilitate the economic regrowth in the Bulgarian Black Sea region. It is expected to act
as a vital link between the Black Sea resorts and municipalities, thus boosting the economic relations and exchanges of
goods in the meridional direction. The expected completion of Hemus highway in 2023–2024 will link the North Black
Sea municipalities with the capital city of Sofia, which is also seen as a stimulus for economic regrowth linked with
new construction in this region.

Figure 4. Annual impervious area changes in the Bulgarian Black Sea municipalities in 1986–2018 according to GAIA
layers (Tsinghua University)

CONCLUSIONS
The analysis of AIS and built-up areas as a mapping of results is performed mainly through various methods, definitions
and satellite data used. It is sometimes difficult to assess the global products available and to provide a reasonable range
of differences by comparing these products in terms of size as well as time trend. Many impervious areas in small towns
and villages were not detected from coarse-resolution satellite observations (see, e.g. Gong et al., 2020). Also, there are
significant uncertainties in the early years (e.g., 1985) comparing to those in more recent years (e.g., after 2000)
because of the low availability of Landsat data. Besides, there are more impervious areas in Europe of GHSL in GAIA
products than other products. There are some uncertainties in mixing the pixels on the mapping performance coming
from two sources. The first is the mixed spectral signatures in 30m Landsat pixels due to the complex surface ground in
the urban environment. The second is the change of training samples over time due to possible issues like the urban
renewal process.
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Some of the revealed trends in this preliminary investigation of AIS can be summarised as follows: the municipality of
Varna, according to GHSL, has the highest values for “Built-up from 1990 to 2000 epochs” (2.94 km2) and “Built-up
from 2000 to 2014 epochs” (11.65 km2) and the second-highest value for “Built-up from 1975 to 1990 epochs”
(7.65 km2) providing an insight that the construction in the Municipality of Varna increased almost twice for the period
after 2000 compared to the communist times. However, according to the GAIA database, Varna has the highest values
for “Imperviousness from 1985 to 1990 epochs” (13.30 km2), “Imperviousness from 1990 to 2000 epochs” (8.88 km2)
and “Imperviousness from 2000 to 2014 epochs” (21.15 km2), see Fig. 3. Outlying values at Burgas according to
GHSL: “Built-up from 1990 to 2000 epochs” peaks at 1.11 km2 and “Built-up from 2000 to 2014 epochs” peaks at 3.22
km2 showing that the construction rates in the municipality of Burgas slowed down three times and even more after the
socialist economy collapse; the built-up area from 1975 to 1990 is 11.55 km2. In general, for every increase of 10 km2
in “Built-up from 1985 to 1990 epochs” (socialist economy), “Built-up from 1990 to 2000 epochs” increases by
about 7.58 km2 (economy in transition) and matches more than two times increase of 20.51 km2 in the “Built-up
from 2000 to 2014 epochs” (market economy).
This study presents valuable information for the development of regional urban planning strategies to mitigate the
effects of AIS during rapid urbanisation. The options for reducing impervious surfaces range from large-scale planning
of new developments to simple back yard modifications. New developments can be "clustered" to reduce the area of
impervious surfaces required. By doing so, it is often possible to create or preserve publicly-accessible green space,
which may include a natural stream corridor or wetland. "Smart Growth" is an example of this type of planning. Based
on the obtained results, we revealed different trends of AIS between the two major Bulgarian Black Sea cities Varna
and Burgas. The developments under different economic principles, though apparent for the observer, are possible to be
quantified with the aid of satellite data and imperviousness products. The benefits of using new products and services of
the Copernicus program, as well as other global databases, provide excellent opportunities at a national level to map
AIS and receive more detailed information in high spatial and temporal resolution. New tools are needed due to
growing pressures and requirements for land use and the legislative framework, which is often outdated and not well
adapted to the real situation. Government bodies are now mainly involved in spatial planning as a long-term process,
which also refer to indicative recommendations from a wide range of interested parties in discussions about the society
of the future. All AIS products enable local and national authorities to make informed decisions in the spatial planning
process, with political awareness of the need for strategic tools for sustainable development in coastal areas.
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