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Abstract. The study aimed to analyze and characterize an urban area based on satellite
imagery. UAT Dumbravita, Timis County, Romania, was studied under the aspect of the variation of
NDBI and NDVI indices. It was considered a period of four years, 2017 - 2020, for the study, and as the
period of the year the summer season was taken into account. Satellite scenes, Landsat 8, were used,
taken in July - August during the study period. Based on spectral information and established formulas,
NDBI and NDVI indices were calculated. Data sets of 21011 were analyzed for each index calculated and
year of study. The series of values of the two indices studied (NDBI, NDVI) presented statistical
distributions of histogram type - normal fit. The ANOVA test evaluated and confirmed the data safety and
the presence of the variance in the data series (F>Fcrit, p<0.001). According to the Diversity profile,
NDVI presented a higher variation in 2020 and a lower one in 2018. Intermediate values were recorded
for 2017 and 2019. The variation of NDVI index values in relation to NDBI during the study period was
described by 2nd order polynomial equations for 2017 and 2018 in statistical safety conditions (R? =
0.729, p <0.001 , F = 28287 for 2017; R? = 0.773, p <0.001 F = 35695 for 2018). In the conditions of
2019 and 2020, the NDVI variation in relation to NDBI was best described by linear equations, in
conditions of statistical safety (R> = 0.716, p <0.001, F = 53038 for 2019; R? = 0.798, p < 0.001, F =
83229 for the year 2020). The general analysis over the study period, mean values of NDBI and NDVI
indices, led to a spline model, which most appropriately described, and in statistical safety, the NDVI
variation relative to NDBI.
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INTRODUCTION

In the study of terrestrial, natural, cultivated or urban areas, methods based on remote
sensing offer a series of facilities based on spectral information and specific indices
(GOVEDARICA et al.,, 2015; AL-BILBISI, 2019; Porescu et al., 2020; CAo et al., 2021;
DHARMAWAN et al., 2021).

Specific study techniques have been developed, based on remote sensing, in relation
to the satellite system, spectral bands, image resolution, processing techniques, and the
objectives pursued (Rovy et al., 2017; BABAEIAN et al., 2019; Ji et al., 2019; Liu et al., 2020;
ZHANG et al., 2021a).

Various appropriate indices have been used to capture the spatial and temporal
variability of urban ecosystems and to facilitate the quantification of aspects (HERBEI and
SALA, 2020; LYNCH et al., 2020; ABUTALEB et al., 2021), or for the biomonitoring of urban
habitats (DATCU et al., 2017).

Urban areas were studied in relation to elements of urban planning (WELLMANN et al.,
2020), urban development (ZHANG et al., 2021b), spatial location / mapping urban areas (XIA
et al., 2019), changes of urban landscape (ODINDI et al., 2012; KADHIM et al., 2016), ecological
aspects (QIAN et al., 2020; DAl et al., 2021), green spaces (Huang et al., 2018), buildings and
road infrastructure (AL-Ruzouq et al., 2017; OTUOZE et al., 2021), heat islands and discomfort
(HERBEI and SALA, 2020; ZHAO et al., 2020), pollution aspects (ZHou et al., 2018; LINAG and
PENG, 2020).

The present study aimed at analyzing and evaluating an urban hair area based on
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satellite images, through specific remote sensing techniques, in relation to two major
categories, urban buildings and the vegetation status.

MATERIAL AND METHODS

The study aimed to analyze and evaluate a peri-urban area using techniques based on
remote sensing. UAT Dumbravita, Timis County, Romania was studied. Satellite scenes were
used, Landsat 8.

The images were taken during the summer season, July - August, between 2017 and
2020. Based on satellite images, the NDBI (ZHA et al., 2003) relation (1), and NDVI (ROUSE et
al., 1974) relation (2) indices were calculated.

NDBI = (SWIR- NIR) /(SWIR+ NIR) 1)
NDvI = NIR=R = (B5-B4)/(B5+B4) )
NIR+R

The NDBI index uses the NIR and SWIR spectral bands to highlight constructed
areas. This index highlights urban areas where there is usually a higher reflectance in the short-
wave infrared (SWIR) region compared to the near-infrared (NIR) region. Applications include
land use planning forecasts.

The NDVI index is a standardized index that allows an image to be generated that
shows the areas covered by vegetation, also known as relative biomass. This index takes
advantage of the contrast of the characteristics between two bands in a multispectral raster data
set - the absorption of the chlorophyll pigment in the red band and the high reflectivity of the
plant material in the near infrared band (NIR).

The data set was analyzed in terms of the frequency of distribution of values
(histogram, diversity profile). The interdependence of the studied indices, NDVI in relation to
NDBI, was analyzed on the complete data series, independently for each year of study, by
regression analysis (R?, p, F were used as statistical safety parameters).

The variation of NDVI in relation to NDBI, average values over the study period, was
evaluated by statistical analysis (€ as a statistical safety parameter). he EXCEL calculation
module and PAST software were used for data processing and analysis (HAMMER et al., 2001).

RESULTS AND DISCUSSIONS

The analysis of satellite images led to the values of the indices taken into account
(NDBI and NDVI) during the four years of study, the summer season (July - August), in order
to characterize the area under study.

The graphical distribution of the variation of the indices is shown in figure 1, with the
representation of the safety interval and of the outlier values.

The graphical representation of the indices in the form of maps is shown in Figures 2
and 3. From the statistical analysis of the set of values considered for each index (21011 data),
a normal distribution of values was found, Figure 4 a, b.

The ANOVA test evaluated and confirmed the data safety and the presence of the
variance in the data series (F> Fcrit, p <0.001).
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Fig. 1. Distribution of index values studied in Box plot format (with Outliers representation)
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Fig, 2. NDBI map for the study period
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Fig. 3. NDVI map for the study period
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Fig. 4. Histograms of data distribution for NDBI and NDVI indices for the studied area,
period 2017 - 2020

According to the Diversity profile, NDVI presented a higher variation in 2020 and a
lower one in 2018. Intermediate values were recorded for 2017 and 2019, figure 5.

The variation of the NDVI index values was analyzed in relation to the NDBI index
for each year of the studied period. It was found that polynomial equations of degree 2
described the NDVI1 variation in relation to NDBI in the case of 2017 (example in figure 6) and
2018, respectively linear equations described the NDVI variation in relation to NDBI in the
case of 2019 and 2020 (example in figure 7), in conditions of statistical uncertainty, table 1.
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Fig. 5. Diversity profile for NDVI values

Table 1
Equations and statistical safety parameters for NDV1 variation in relation to NDBI
for the studied area
Year Ecuation :\Elg R? p F
2017 | NDVI =-0.4358 x* —1.014 x + 0.2069 (3) 0.729 <0.001 28287
2018 | NDVI =-0.2846 x* —1.053x +0.1999 (@) 0.773 <0.001 35695
2019 |NDVI =-0.9104 x +0.2133 (5) 0.716 <0.001 53038
2020 | NDVI =-1.028x + 0.2082 (6) 0.798 <0.001 83229

x — NDBI values in studied years
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The analysis of the NDVI variation in relation to NDBI during the study period,
average values, was best described by a spline model, the values obtained being presented in
table 2. The graphical distribution of the spline model and the real values are represented in

figure 8.
Table 2
Statistical values from the spline model
image captngljilyear/ NDBI NDVI

No Year Xi Vi YSi =] lin

1 2017 -0.06851 0.27118 0.27104 -0.00052 1.000000

2 2018 -0.11093 0.31089 0.31379 0.00933 1.157726

3 2019 -0.07763 0.28397 0.28452 0.00194 1.049734

4 2020 -0.10719 0.31837 0.31505 -0.01043 1.162375
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Fig. 8. Graphical representation of the real NDVI values and of the spline model regarding the NDVI
variation in relation to NDBI for the studied area

accordance with the variation of the NDBI index.

CONCLUSIONS

The annual variation of the NDVI index in relation to NDBI for the area of
Dumbravita locality, Timis county, was described by polynomial equations of degree 2 in the
case of 2017 and 2018, respectively by linear functions in the case of 2019 and 2020.

The variation of the mean values of the NDVI index in relation to the NDBI during
the study period was described by the spline model, in statistical safety conditions.

High values of the NDVI index were recorded in 2020, and shakes in 2017, in
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