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Abstract: The rapid growth of urban areas and the increase in sealed surfaces have significant 

implications for environmental management and urban planning. Monitoring and quantifying 

sealed surfaces are crucial for understanding urbanization processes and their imp acts. This 

article deals with the issues of mapping the dimension of soil sealing in Craiova city, during the 

last two decades using GIS and remote sensing techniques. As the Normalized Difference Built -

up Index (NDBI) has emerged as a valuable tool for assessing sealed surfaces and evaluating 

urban expansion, it  was selected as preferred method selected to determine the dimension of 

soil sealing. 
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1. INTRODUCTION 

The rapid urbanization and expansion of built-up areas have led to the 
proliferation of sealed surfaces, including buildings, roads, and parking lots and the 

need for effective methods to monitor and manage urban growth. Remote sensing 

techniques, particularly the analysis of satellite images, provide valuable insights 

into urban dynamics. In the same time, sealed surfaces have profound effects on local 

climates, hydrological processes, and ecosystem services. Accurate monitoring and 
assessment of sealed surfaces are essential for urban planning, environmental 

management, and climate change studies. The Normalized Difference Built-up Index 

(NDBI) is a spectral index that enables the extraction and quantification of built-up 

areas and sealed surfaces from satellite imagery. The scientific literature from the 

last decade proved NDBI as a valuable remote sensing technique for analyzing 
sealed surfaces and quantifying urbanization (Bhatti & Tripathi, 2014; Ettehadi 

Osgouei et al., 2019; García & Pérez, 2016; He et al., 2010; Varshney & Rajesh, 

2014; Zha et al., 2003).  
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NDBI has proven to be effective in monitoring urban expansion over time 

(Ali Shah et al., 2022; Karanam, 2018; Yasin et al., 2020; Zha et al., 2003; Zheng 
et al., 2021). Rapid urbanization can lead to land use change, including the 

conversion of natural habitats and agricultural lands into built-up areas (Dolean et 

al., 2020). This process can result in habitat loss, fragmentation, and the 

degradation of ecosystems. By analyzing changes in NDBI values, researchers can 

quantify the extent and rate of urbanization, identify hotspots of urban growth, and 

assess land use changes. This information is invaluable for urban planners and 
policymakers in making informed decisions related to urban development and 

infrastructure planning. While the NDBI itself does not directly impact the 

environment, its applications and implications can have both positive and negative 

effects on the environment.  

Thus, it has been demonstrated that built-up areas have a direct impac t 
on the land surface temperatures (Chatterjee & Majumdar, 2022; Mallick et al. ,  

2013; Seun et al., 2022). As sealed surfaces contribute to the urban heat island 

effect, leading to increased land surface temperatures, NDBI has been 

combined with thermal remote sensing data to estimate land surface 

temperatures. This integrated approach provides valuable insights into urban 
microclimates, heat stress patterns, and the effectiveness of urban heat 

mitigation strategies (Abir & Saha, 2021; Adeyeri et al., 2017; Guha et al. ,  

2018, 2022; Shahfahad et al., 2020; Zhang et al., 2009). Because the NDBI 

enables the identification and mapping of sealed surfaces, it can also facilitate 

the assessment of environmental impacts associated with urbanization.  

Different studies showed that the NDBI can be useful to evaluate changes in 
vegetation cover, loss of natural habitats, and the fragmentation of green spaces 

(Ettehadi Osgouei et al., 2019; Yasin et al., 2020).  

This paper aims to present an overview of the calculation methodology and 

applications of NDBI in mapping soil sealed surfaces in the urban area of Craiova, 

shedding light on its potential for urban land use analysis.  
 

2. DATA AND METHODS 

2.1. Study area 

Craiova, one of the largest cities in the south-west part of Romania (one of the 

seven urban growth poles) registered an intense urban expansion around its rural 
surrounding areas, increasing also its built-up area within the city limits (Fig. 1).  

Craiova has a wide functional urban area (29 local administrative units - 

LAUs: 3 urban and 26 rural), which almost coincides with its metropolitan area 

(except 5 LAUs that are not part of the metropolitan area: Coțofenii din Dos, 

Ghindeni, Goiești, Podari, Robănești) where built-up surfaces increased over time, 

as urban population started migrating toward the surrounding rural area in search of 
bigger living places, which determined the increase of the sealed surfaces (new 

roads, new living spaces, and urban services) especially within the rural settlements 

in the near vicinity of the city.  
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Fig. 1 Location of the study area 

(Source: author) 
 

2.2. Data 

Obtaining suitable satellite imagery is crucial for accurate NDBI calculations. 

Various satellite systems provide imagery with different spatial resolutions, temporal 

frequencies, and spectral bands (Jamei et al., 2019). The choice of data source 

depends on the study area, research objectives, and availability of data (Ali et al., 
2019; Varshney & Rajesh, 2014).  

To analyse the dynamics of the built-up area in Craiova city, Landsat satellite 

TM images (from 2010, 2015 and 2020) are used with the near-infrared (NIR) and 

shortwave infrared (SWIR) spectral bands suitable for the study area. Raw images 

were downloaded from USGS Earth Explorer and all the seven bands were stacked 
to form false color composite image.  

2.3. Methods 

Before calculating NDBI, satellite imageries were preprocessed for radiometric 

and geometric corrections, atmospheric correction, and image registration. These 

processes aim to enhance image quality, minimize geometric distortions, and ensure 
accurate and reliable results. For image preprocessing and classification tasks  the 

Semi-Automatic Classification Plugin (SCP) from QGIS was used. 

NDBI is calculated using multispectral remote sensing data, typically from 

satellite imagery. It utilizes NIR and SWIR spectral bands to distinguish between 

built-up areas and non-built-up areas. The NDBI formula is expressed as: 
(𝑆𝑊𝐼𝑅−𝑁𝐼𝑅)

(𝑆𝑊𝐼𝑅+𝑁𝐼𝑅)
 (1), 

where SWIR and NIR represent the reflectance values in the respective bands. 

Positive NDBI values indicate the presence of built-up areas, while negative values 
represent non-built-up areas (Institute of Survey Engineering, Faculty of 

Engineering and Architecture, Rajamangala University of Technology Isan, Nakhon 

Ratchasima Province, Thailand et al., 2020; Zha et al., 2003).  
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The last process was the normalization of the NDBI values to a scale ranging 

from -1 to +1 using the following formula: 
 

𝑁𝐷𝐵𝐼 = 
(𝑁𝐷𝐵𝐼−𝑁𝐷𝐵𝐼𝑚𝑖𝑛)

(𝑁𝐷𝐵𝐼𝑚𝑎𝑥−𝑁𝐷𝐵𝐼𝑚𝑖𝑛
 (2), 

 
where NDBImin and NDBImax are the minimum and maximum NDBI values within the 

study area. 

For the processing and visualization of the results QGIS 3.22 was used.  

 

3. RESULTS AND DISCUSSIONS  
The relationship between increased built-up area and soil sealing is quite 

direct. As the built-up area expands, the process of soil sealing intensifies. When a 

city experiences increased urbanization and development, it often involves the 

construction of buildings, roads, parking lots, and other impervious surfaces. These 

surfaces, such as concrete and asphalt, cover the natural soil and prevent water 
infiltration. As a result, the soil becomes sealed, leading to the phenomenon of soil 

sealing (Peroni et al., 2022; Xiao et al., 2013). 

The NDBI measures the degree of urbanization by quantifying the difference 

between the visible and near-infrared bands of a satellite image. Built-up areas, 

characterized by high reflectance in the visible spectrum and low reflectance in the 

near-infrared spectrum, yield higher NDBI values. Vegetation and non-built-up 
areas, on the other hand, exhibit lower NDBI values due to their higher near-infrared 

reflectance. By calculating the NDBI, it is possible to differentiate built-up areas 

from other land cover types (Guha et al., 2018; He et al., 2010). 

The data processed showed an increase in the built-up area within the city 

limits and its surroundings, especially in its eastern and northern parts (Fig. 2). 
The biggest increase of soiled sealed areas can be noted in 2015, when large 

built-up areas can be seen to have appeared in the south-east, north, and some 

scattered areas in the western part of the city. The expansion of built-up areas 

continues and, in 2020, new sealed areas can be seen especially in the northern part 

of the city (Fig. 2). But the dynamics of built-up areas in Craiova is not related to 
population growth or to an increased economic development. We might take into 

consideration some expansion of the service sector, especially along the new bypass 

roads, which led to the construction of commercial buildings and infrastructure to 

support economic activities. Moreover, the development of infrastructure projects 

such as the north and east bypass belts triggered the expansion of the city in these 

two particular directions. The improved infrastructure connectivity caused the 
occurrence of urban sprawl as people find it more convenient to live in newly 

accessible areas. 

Despite the fact that the population registered a decreasing trend, the increased 

demand for the new type of individual housing determined the rapid development of 

real estate investment within the city limits and outer its administrative area. This 
demand determined developers to undertake construction projects to meet the market 

needs especially after the end of the economic crisis in 2015. 
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Fig. 2 Dynamics of built-up area in the urban area of Craiova city 

(Source: author) 

 

Many old brownfield areas or unused open spaces were converted into built-
up areas. Also, the local policies and regulations related to land use, zoning, and 

urban planning played a significant role in determining the growth of built-up areas, 

as local authorities allowed the conversion of agricultural or undeveloped land into 

urbanized areas. This rapid expansion determined the local authorities in 2022 to 

expand the official limits of the LAU of Craiova city with 3.7 km2. This is an increase 

with 4.5% compared to the previous limit of 81.4 km2. Although the city expanded 
during the last decade, the population growth did not follow the same increasing 

trend, decreasing with 6.5% (Table 1). 

  

Table 1 Dynamics of built-up area and population in Craiova city 
Craiova city 

2010 2015 2020 
Dynamics 

(%) 

LAU Area 81.4 km2 81.4 km2 81.4 km2 3.7 

Population 312,142 306,619 298,952 -6.5 

Built-up area 41.14 km2 46.43 km2 47.35 km2 15.1 

(Source: own calculation) 

 

The resulted data show that, despite the fact that the population decreased 

between 2010 and 2020, the built-up area has increased with 15.1% in the same 

period. A considerable increase was between 2010 and 2015, when the built-up area 
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increased with 5.3 km2. This increase rate slowed down in the following five years 

(Table 1).  
Most of the sealed surfaces are covered with residential buildings (collective 

buildings or single-dwellings), followed by buildings with industrial, public or 

commercial destination. The transport infrastructure (roads, railroads or the airport) 

has also an important coverage (about 22% of the sealed surfaces).  

We have to understand that this index has limitations and challenges that must 

be considered when calculated. Mixed pixel problem is one of the challenges that we 
may encounter in calculating NDBI when pixels contain a mixture of built-up and 

non-built-up materials, resulting in inaccurate classification. This issue can be 

addressed by using advanced image processing techniques and higher spatial 

resolution data (Zheng et al., 2021). 

The NDBI values can also be influenced by seasonal variations, atmospheric 
conditions, and changes in land cover. These factors need to be considered when 

interpreting NDBI results over different time periods (Jamei et al., 2019).  

Another issue may arise from geometric distortions, which can affect the 

accuracy of NDBI calculations. This is why image rectification is recommended to 

correct these distortions, thus ensuring accurate and precise analysis (Fariz & Faniza, 
2023; Vorovencii, 2020). 

Urban areas created through human development often have a limited capacity 

to support diverse ecosystems compared to natural environments; however, the 

incorporation of green spaces, parks, and urban forests can enhance biodiversity and 

provide ecological benefits. The NDBI can assist in identifying areas where green 

infrastructure can be implemented, promoting ecological connectivity and 
supporting urban biodiversity. In the same time, the information derived from NDBI 

analysis is valuable for urban planning and infrastructure development. By 

understanding the distribution and density of built-up areas, authorities can make 

informed decisions regarding transportation networks, utilities, and services. Proper 

planning can minimize the environmental impact of infrastructure development, 
including reduced habitat destruction and optimized resource usage. This 

information can be used in environmental impact assessments and the development 

of sustainable urban planning strategies. 

 

4. CONCLUSIONS  
The Normalized Difference Built-up Index (NDBI) has become an invaluable 

tool for assessing sealed surfaces and monitoring urban expansion. Its ability to 

extract information about built-up areas from remote sensing data provides essential 

insights into urbanization processes and their impacts on the environment. While 

NDBI has several limitations, ongoing advancements in remote sensing technology 

and data processing techniques hold promise for further improving its accuracy and 
applicability. Integrating NDBI with other urban indicators can enhance our 

understanding of urban dynamics and support informed decision-making for 

sustainable urban development.  
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Increasing built-up areas inside Craiova city and in its surroundings can give rise 

to various social and economic problems associated with urban expansion like housing 
affordability, displacement and gentrification, social segregation, increased demand for 

public services and infrastructure costs. Environmental problems are also created by 

urban expansion and the occurrence of new soil sealed surface: interruption of water 

circuit in nature, increase urban heat island effect. New housing increases the energy 

consumption and emissions causing air pollution, while local water resources are also 

affected by a reduced water infiltration, increased stormwater runoff (frequent flush 
floods are reported on streets during heavy rains), causing water pollution and straining 

the water management systems. Also, the growth of built-up areas tends to exacerbate 

the urban heat island effect. 

Using modern technologies like GIS and remote sensing can help local 

authorities acknowledge better the real dimension and implications of the urban 
expansion. Decision makers should understand that addressing these challenges 

requires comprehensive urban planning, sustainable development practices, and the 

integration of social, economic, and environmental considerations. This involves  

promoting affordable housing, inclusive communities, green infrastructure, energy-

efficient design, and participatory decision-making processes to create livable and 
sustainable cities. 

To mitigate the negative impacts of soil sealing resulting from increased built-

up areas, sustainable urban planning and design practices should be implemented. It 

is important for city planners, developers, and policymakers to prioritize sustainable 

land use practices that minimize soil sealing while supporting the needs of urban 

development and the preservation of natural resources. 
 

REFERENCES  

1. Abir, F. A., & Saha, R. (2021). Assessment of land surface temperature 

and land cover variability during winter: A spatio-temporal analysis of Pabna 

municipality in Bangladesh. Environmental Challenges, 4, 100167. 
https://doi.org/10.1016/j.envc.2021.100167  

2. Adeyeri, O. E., Akinsanola, A. A., & Ishola, K. A. (2017). Investigating 

surface urban heat island characteristics over Abuja, Nigeria: Relationship between 

land surface temperature and multiple vegetation indices. Remote Sensing 

Applications: Society and Environment, 7, 57–68. 
https://doi.org/10.1016/j.rsase.2017.06.005 

3. Ali, M. I., Hasim, A. H., & Abidin, M. R. (2019). Monitoring the Built-up Area 

Transformation Using Urban Index and Normalized Difference Built-up Index Analysis. 

International Journal of Engineering Transactions B: Applications, 32(5), Article 5. 

4. Ali Shah, S., Kiran, M., Nazir, A., & Ashrafani, S. H. (2022). 

EXPLORING NDVI AND NDBI RELATIONSHIP USING LANDSAT 8 
OLI/TIRS IN KHANGARH TALUKA, GHOTKI. Malaysian Journal of 

Geosciences, 6(1), 08–11. https://doi.org/10.26480/mjg.01.2022.08.11 



44 

5. Bhatti, S. S., & Tripathi, N. K. (2014). Built-up area extraction using 

Landsat 8 OLI imagery. GIScience & Remote Sensing, 51(4), 445–467. 
https://doi.org/10.1080/15481603.2014.939539 

6. Chatterjee, U., & Majumdar, S. (2022). Relation Between Normalized 

Difference Built-up Index and Land Surface Temperature in Kolkata (India). In H.  

El-Askary, Z. A. Erguler, M. Karakus, & H. I. Chaminé (Eds.), Research 

Developments in Geotechnics, Geo-Informatics and Remote Sensing (pp. 351–355). 

Springer International Publishing. https://doi.org/10.1007/978-3-030-72896-0_80 
7. Dolean, B.-E., Bilașco, Ștefan, Petrea, D., Moldovan, C., Vescan, I., 

Roșca, S., & Fodorean, I. (2020). Evaluation of the Built-Up Area Dynamics in the 

First Ring of Cluj-Napoca Metropolitan Area, Romania by Semi-Automatic GIS 

Analysis of Landsat Satellite Images. Applied Sciences, 10(21), Article 21. 

https://doi.org/10.3390/app10217722 
8. Ettehadi Osgouei, P., Kaya, S., Sertel, E., & Alganci, U. (2019). Separating 

Built-Up Areas from Bare Land in Mediterranean Cities Using Sentinel-2A Imagery. 

Remote Sensing, 11(3), Article 3. https://doi.org/10.3390/rs11030345 

9. Fariz, T. R., & Faniza, V. (2023). Comparison of built-up land indices for 

building density mapping in urban environments. AIP Conference Proceedings, 
2683(1), 030006. https://doi.org/10.1063/5.0125378 

10.  García, P., & Pérez, E. (2016). Mapping of soil sealing by vegetation 

indexes and built-up index: A case study in Madrid (Spain). Geoderma, 268, 100–

107. https://doi.org/10.1016/j.geoderma.2016.01.012 

11.  Guha, S., Govil, H., Dey, A., & Gill, N. (2018). Analytical study of land 

surface temperature with NDVI and NDBI using Landsat 8 OLI and TIRS data in 
Florence and Naples city, Italy. European Journal of Remote Sensing, 51(1), 667–

678. https://doi.org/10.1080/22797254.2018.1474494 

12.  Guha, S., Govil, H., Taloor, A. K., Gill, N., & Dey, A. (2022). Land 

surface temperature and spectral indices: A seasonal study of Raipur City. Geodesy 

and Geodynamics, 13(1), 72–82. https://doi.org/10.1016/j.geog.2021.05.002 
13.  He, C., Shi, P., Xie, D., & Zhao, Y. (2010). Improving the normalized 

difference built-up index to map urban built-up areas using a semiautomatic 

segmentation approach. Remote Sensing Letters, 1(4), 213–221. 

https://doi.org/10.1080/01431161.2010.481681 

14.  Institute of Survey Engineering, Faculty of Engineering and Architecture, 
Rajamangala University of Technology Isan, Nakhon Ratchasima Province, 

Thailand, Prasomsup, W., Piyatadsananon, P., Aunphoklang, W., & Boonrang, A. 

(2020). Extraction Technic for Built-up Area Classification in Landsat 8 Imagery. 

International Journal of Environmental Science and Development, 11(1), 15–20. 

https://doi.org/10.18178/ijesd.2020.11.1.1219 

15.  Jamei, Y., Rajagopalan, P., & Sun, Q. C. (2019). Time-series dataset on 
land surface temperature, vegetation, built up areas and other climatic factors in top 

20 global cities (2000–2018). Data in Brief , 23. 

https://doi.org/10.1016/j.dib.2019.103803 



45 

16.  Karanam, H. K. (2018). Study of Normalized Difference Built-Up (NDBI) Index 

in Automatically Mapping Urban Areas from Landsat TM Imagery, International Journal 
of Scientific Research and Review, 7(1), 1-8, 

https://doi.org/10.1088/16.10089.IJSRR.2018.V7I01.287391.2140, ISSN NO: 2279-543X. 

17.  Mallick, J., Rahman, A., & Singh, C. K. (2013). Modeling urban heat 

islands in heterogeneous land surface and its correlation with impervious surface 

area by using night-time ASTER satellite data in highly urbanizing city, Delhi-India.  

Advances in Space Research, 52(4), 639–655. 
https://doi.org/10.1016/j.asr.2013.04.025 

18.  Peroni, F., Pappalardo, S. E., Facchinelli, F., Crescini, E., Munafò, M., 

Hodgson, M. E., & Marchi, M. D. (2022). How to map soil sealing, land take and 

impervious surfaces? A systematic review. Environmental Research Letters, 17(5), 

053005. https://doi.org/10.1088/1748-9326/ac6887 
19.  Seun, A. I., Ayodele, A. P., Koji, D., & Akande, S. O. (2022). The 

potential impact of increased urbanization on land surface temperature over South-

West Nigeria. Current Research in Environmental Sustainability, 4, 100142. 

https://doi.org/10.1016/j.crsust.2022.100142 

20.  Shahfahad, Kumari, B., Tayyab, M., Ahmed, I. A., Baig, M. R. I., Khan, 
M. F., & Rahman, A. (2020). Longitudinal study of land surface temperature (LST) 

using mono- and split-window algorithms and its relationship with NDVI and NDBI 

over selected metro cities of India. Arabian Journal of Geosciences, 13(19), 1040. 

https://doi.org/10.1007/s12517-020-06068-1 

21.  Varshney, A., & Rajesh, E. (2014). A Comparative Study of Built-up 

Index Approaches for Automated Extraction of Built-up Regions from Remote 
Sensing Data. Journal of the Indian Society of Remote Sensing, 42(3), 659–663. 

https://doi.org/10.1007/s12524-013-0333-9 

22.  Vorovencii, I. (2020). Analyzing the Sprawl of Built-up Areas Using 

Landsat Data and the Normalized Difference Built-up Index. RevCAD Journal of 

Geodesy and Cadastre, 28, 139–146. 
23.  Xiao, R., Su, S., Zhang, Z., Qi, J., Jiang, D., & Wu, J. (2013). Dynamics 

of soil sealing and soil landscape patterns under rapid urbanization. CATENA, 109, 

1–12. https://doi.org/10.1016/j.catena.2013.05.004 

24.  Yasin, M. Y., Abdullah, J., Noor, N. M., & Yusoff, M. M. (2020). Land 

Cover and NDBI analysis to map built up area in Iskandar Malaysia. IOP Conference 
Series: Earth and Environmental Science, 540(1), 012073. 

https://doi.org/10.1088/1755-1315/540/1/012073 

25.  Zha, Y., Gao, J., & Ni, S. (2003). Use of normalized difference built-up 

index in automatically mapping urban areas from TM imagery. International 

Journal of Remote Sensing, 24(3), 583–594. 

https://doi.org/10.1080/01431160304987 
26.  Zhang, Y., Odeh, I. O. A., & Han, C. (2009). Bi-temporal characterization 

of land surface temperature in relation to impervious surface area, NDVI and NDBI, 

using a sub-pixel image analysis. International Journal of Applied Earth 



46 

Observation and Geoinformation, 11(4), 256–264. 

https://doi.org/10.1016/j.jag.2009.03.001 
27.  Zheng, Y., Tang, L., & Wang, H. (2021). An improved approach for 

monitoring urban built-up areas by combining NPP-VIIRS nighttime light, NDVI, 

NDWI, and NDBI. Journal of Cleaner Production, 328, 129488. 

https://doi.org/10.1016/j.jclepro.2021.129488 

 


