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Abstract: The Ipoly Valley is a natural habitat along the Ipoly River, only slightly affected by water
management; therefore, this is an especially sensitive area and reflects well the vegetation changes
in the driest (2020) and wettest (2010) years. The study’s aim is to identify natural changes within
habitats and the evaluation of habitat types’ boundaries. For the study, a hand-held GPS device was
applied on-site. The habitat identification is based on the General National Habitat Classification
System (Á-NÉR). In addition to on-site data, Sentinel-2A satellite data were used to compare different
extreme years 2020 and 2021—changes in different habitat patches using different vegetation indices.
A change in precipitation causes shifts in the vegetation, this is shown on a map. As we predicted,
decreasing the precipitation results in a decrease of the area of wet habitat patches. The satellite
image shows a more accurate picture of the real location of the associations, which is important for
long-term research. In addition, we can get accurate data on the situation of areas (roads and paths)
affected by anthropogenic factors.

Keywords: habitat maps; climate change; Sentinel-2A

1. Introduction

It can be seen in a previous study that the Ipoly region is sensitive to environmental
changes, in which it has been shown that certain wetlands change significantly [1]. In
recent decades, an increase in climate extremes has been observed in Europe due to global
climate change [2], therefore, more frequent droughts and floods were measured in the
Carpathian Basin [3,4]. Since the beginning of the 19th century, the wetland areas have
decreased significantly [5]. The biodiversity and ecosystem functions of river floodplains
are considered to be extremely valuable with high conservation status, and they are in-
creasingly exposed to these changes [6]. Floodplain areas are even more vulnerable to
invasive species due to climatic effects [7]; in addition, the changes in land use pose a
threat to the ecosystems [8]. Rainfall data has been recorded since 1901 in Hungary [9], and
measurements presented that from the beginning of the 20th century the national average
annual rainfall decreased gradually [10,11]. The year 2010 was the wettest in the examined
period [4,9–11]. However, after the year 2010, extremely low annual rainfall was measured
several times. The year 2020 was the third driest year in the past 120 years [12]. The vegeta-
tion and habitats of flood-basin areas along the rivers, which are known to react the most
sensitively to environmental changes (in this case to the change in water table) [1,8,13,14], as
the Ipoly Valley. Although it has a linear nature, Ipoly Valley harbors especially mosaic-like
vegetation, mainly because it is a nonregulated, natural watercourse [1]; Ipoly River is one
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of the last rivers least affected by water management in Hungary. Correlation between
the soil moisture level and degree of vegetation heterogeneity was also detected in other
watercourses in the Pannonian region [14], and changes in groundwater clearly influence
the spatial pattern of vegetation types as shown by previous studies [15,16]. Moreover, with
the growing expansion of agriculture, most of the pastures were drained and plowed [17],
and for all these reasons the Ipoly Valley offers an ideal research space to explore changes
in natural habitat.

Our questions were the following: Could we identify the effects of precipitation on
vegetation based on habitat maps from the extreme years 2010 and 2020? Could we identify
habitat transformation and if a change is detected, what kind of vegetation and habitat
types are affected and in what way? In addition, we would like to confirm the finding
of what differences or similarities can be found when using a non-traditional (satellite-
based) method when comparing 2 years between different precipitation conditions. Finally,
due to ecological and conservational reasons, it is important to study the anthropogenic
phenomena, such as arable fields or routes by available satellite-based possibilities, like the
application of different indexes.

2. Materials and Methods

The study site is located in northern Hungary, along the River Ipoly, between Dejtár
and Ipolyvece villages. Its extent is 430.4 hectares of floodplain in the Ipoly Valley, which is a
protected nature reserve area; in addition, it is also a nature conservation area (HUDI20026)
and bird sanctuary (HUDI10008), and it is subject to the Ramsar Convention site as
well [18,19].

The habitat maps present ways of biotope changes by the extreme climate and rainfall
patterns caused by climate change and allows us to understand the local impacts. The
habitat surveys of the study site were made in 2010 and 2020. For the study, a hand-held
GPS device was applied on-site. The habitat identification is based on the General National
Habitat Classification System (Á-NÉR) (Table 1) [20]. In general, habitat patches belong to
only one habitat category (e.g., H5b), but some habitat plots were characterized by several
habitat types. The area of Ipoly Valley is extremely mosaic, therefore, in some cases, it was
difficult to present the habitat due to the size of the biotope; in these cases habitat complex
H5b × P2b was used. Table 2 helps to interpret the changes and quantitative comparison
of the habitat types, while the habitat maps were designed with the same key to helping
identify changes.

Table 1. Habitats revealed in the study area, using the categories of the Hungarian Habitat Classifica-
tion System (ÁNÉR).

ÁNÉR Categories Description

B1a Eu- and mesotrophic reed and Typha beds
B5 Non-tussock tall-sedge beds

D34 Mesotrophic wet meadows
H5b Closed sand steppes
P2b Dry and semi-dry pioneer scrub
P2a Wet and mesic pioneer scrub
J3 Riverine willow scrub
J4 Riverine willow-poplar woodlands

OB Uncharacteristic mesic grasslands
OC Uncharacteristic dry and semi-dry grasslands
P2b Dry and semi-dry pioneer scrub
RB Uncharacteristic or pioneer softwood forests
S2 Populus × euramericana plantations
S4 Scots and black pine plantations
T1 Annual intensive arable fields
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Table 1. Cont.

ÁNÉR Categories Description

U8 Water streams
U7 Sand, gravel, clay and peat mines, loess walls
U9 Standing waters

U11 Roads and railroads

Table 2. Data of the areas of different years (2010 and 2020) of the habitat maps.

(a) Mapping Data of 2010 (b) Mapping Data of 2020

Number Type of
Habitats

Number of
Plots (Pieces)

Area
(Hectares) Number Type of

Habitats
Number of

Plots (Pieces)
Area

(Hectares)

1. B1a 2 83.16 1. B1a 1 38.55
2. B1a × U9 1 2.97 2. B1a × U9 1 2.04

3. B1a × D34 ×
J3 1 5.04 3. B1a × D34 ×

J3 1 5.04

4. B1a × J3 1 2.34 4. B1a × J3 1 2.36
5. B1a × P2b 1 13.75 5. B1a × P2b 1 13.25
6. B2 × B5 1 17.91 6. B2 × B5 1 13.30
7. D34 4 54.26 7. D34 8 56.68
8. D34 × P2b 3 37.28 8. D34 × P2b 3 37.19
9. H5b 6 31.72 9. H5b 14 61.70
10. H5b × P2b 1 6.70 10. J3 1 4.80
11. J3 1 4.80 11. J3 × B5 1 1.04

12. J3 × B5 1 1.04 12. J3 × P2b ×
U9 1 0.37

13. J3 × P2b ×
U9 1 0.37 13. J4 × B5 3 2.54

14. J4 × B5 3 2.54 14. J4 × P2b 9 15.41

15. J4 × P2b 9 14.34 15. J4 × P2b ×
U9 3 11.22

16. J4 × P2b ×
U9 3 11.22 16. J4 × U8 2 9.58

17. J4 × U8 2 9.58 17. OB 1 9.56
18. OB 1 7.55 18. OC 4 26.24
19. OC 4 24.23 19. OC × P2b 1 1.21
20. OC × P2b 1 0.21 20. P2b 11 21.70
21. RB 2 76.11 21. RB 2 77.66
22. S2 5 36.40 22. S2 5 37.90
23. S4 2 3.31 23. S4 1 1.31
24. T1 1 4.40 24. T1 1 4.60
25. U7 1 0.82 25. U7 1 0.82

Total 58 452.03 Total 78 452.03

In addition to on-site data, Sentinel-2A satellite data were used to compare changes
in different habitat patches. Sentinel-2A was launched on 23 June 2015 as a part of the
European Copernicus Program [21]. Sentinel-2A offers a 60-m solution from 10 m [22]. In
comparison with the Landsat OLI/TIRS recordings with spectral selection, the Sentinel-2A
is capable of the transmission of near-infrared and red bands at 10 m solution. This method
allows the mapping of the area at the vegetation level [23]. Satellite images provide the
possibility to evaluate the areas that are physically hard to reach. The research was made
on 22 May 2020 and 16 June in 2021 Sentinel-2A data. The satellite data were not available
in 2010 in the first survey year; we selected the wettest year that was available (2021) based
on data from the National Meteorological Service (Figure 1) in order to compare 2 years
with different humidity based on satellite images. The categories of anthropogenic habitat
patches (U7 × U11) were merged for satellite data to better represent human factors.
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Figure 1. Meteorological data based on NMS (precipitation (mm) in the 30 days before the
vegetation survey.

Our study applies the frequent use of NDVI compared to other vegetation indices used
for the monitoring of vegetation [24]. All vegetation indexes were calculated by satellite
bands. NDVI (Normalized Difference Vegetation Index) is a non-dimensional value that
reflects the vegetation activity of a given area. It is returned by the quotient of the sum and
the difference of the reflected intensity of NIR and RED [25].

NDVI =
NIR − RED
NIR + RED

GNDVI (Green Normalized Difference Vegetation Index) is more sensitive to chloro-
phyll concentration than the NDVI index. Therefore, this index is a good indicator of
discharge period or drought [25].

GNDVI =
NIR − Green
NIR + Green

The research applied two, water-based indexes that were used by the 20 m resolution
band. One of them is the NDWI (Normalized Difference Water Index) for detecting changes
in water bodies but shows a higher value in addition to the built-up areas [26]. Therefore,
in addition to NDWI, the MNDWI (Modified Normalized Difference Water Index) index
was also used based on the literature; this index will show a more accurate picture of the
status of wetlands [27]. MNDWI seemed a more reliable indicator because it could enhance
the water surface [28].

NDWI =
Green − NIR
Green + NIR

MNDWI =
Green − SWIR
Green + SWIR

Based on the Sentinel-2A dataset, figures were calculated by using different algorisms
from pixels compared with the 2020 hand-held category. To visualize the latter, 10 points
were selected randomly to each Á-NÉR category, then the algorithms of the points were
assigned to the categories. To compare the chosen four indexes’ differences habitat by
habitat, we analyzed the data set with multivariate, hierarchical cluster method UPGMA
(unweighted paired group average) with Euclidean similarity index, where the clusters
of the dendrogram are joined average distance based [29]. Data were analyzed using
Microsoft Excel and PAST (PAleontological STatistics) 4.08 software [29], while the design
and data processing of the maps, QGIS 3.4.14 ‘Madeira’ software was used.

3. Results
3.1. Introduction of Habitat Map

Based on the general system, Á-NÉR 51 habitat plots from 21 habitat types (in 2010)
and 80 habitat plots from 19 habitat types (in 2020) were recorded in the research area



Water 2022, 14, 787 5 of 11

(Table 2). Maps show clearly that there is a significant difference in the aspect of research
area between the two examined periods. Changes were found in the coverage of habitats
and in the characteristics of habitat types of certain habitat plots and more fragments
were identified. The number and extent of wetlands decreased significantly in 2020. The
number of habitat plots in eu- and mesotrophic reed and Typha beds (B1a) habitat category
decreased from two areas to one area, while their surface area decreased from 83.16 hectares
to 38.55 hectares (Table 2, Figure 2). If we consider the wetlands (B and D habitats and
their complexes) as a whole in 2010, the results show they were present on 166.9 hectares
of 17 plots in the dry period and on 216.7 hectares of 14 plots in the humid period. We
observed in wet patches of the habitat that the species change as well; some indicators of
the dry habitats are Achillea collina, Plantago lanceolata, Dactylis glomerata, Agropyron repens,
and Festuca arundinacea.

Figure 2. Habitat maps of Dejtár area in 2010 (a) and 2020 (b).

The main difference in habitats between the two maps is that there are two different
complexes. On the 2010 map, we can find the H5b × P2b complex, which is noticeably sep-
arated by 2020. Therefore, for the year 2020, H5b and P2b were recorded separately. In both
years, only seven categories (B1a × D34 × J3, J3, J3 × P2b × U9, J4 × B5, J4 × P2b × U9,
J4 × U8 and U7) were presented entirely, thus most of the complexes were transformed. The
map made in the wetter year (2010) shows the decreasing trend of the aquatic vegetation
in low-lying woodless habitats. A significant change occurred in the closed sand steppes
(H5b) and the aspects of their subtypes, too. They went through a total transformation
and their presence was lower in 2010 than in 2020. Their area was 70.4 hectares in 2010,
then it increased to 145.5 hectares in 2020. According to the maps, the vegetation changed
significantly in the compared years, under extremely dry conditions (2020) and in the
extremely wet year (2010). The two examined years’ vegetation showed a huge difference,
which appropriately indicated the environmental changes. The extension of grassland
increased significantly. Areas of closed sand steppes (H5b) increased due to the presence of
persistent rainfall shortages, the number of plots extremely increased from 6 (in 2010) to 14
(in 2020). To sum up, it can be observed that the presence of dry habitats increased and
several dry fragments were formed within 10 years (Figure 3).
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Figure 3. Habitat cover (hectares) of Dejtár area in 2010 and 2020.

3.2. Introduction of Maps Based on Satellite Images Data

In some cases, it was difficult to make the hand-held field survey due to the field
environment. In this case, satellite data can be quite useful as a monitoring method. In the
maps, the NDVI and GNDV indices are uniform in color—the lower values are red and
the highest values are green. For the NDWI and MNDVI indices, high values are indicated
in blue and lower values are indicated in red. Based on the NDVI and GNDVI index data,
the water space shows the lowest value due to the low biological activity. The urbanized
area showed a lower NDVI (Figure 4) value, for example, the NDVI value of the loess walls
(U7). In the other anthropogenic affected areas, the biological activity of annual intensive
arable land (T1) was equally low due to the fallow areas. GNDVI (Figure 4) is also well
separated in the drier parts of the habitats as the NDVI. Comparing the satellite images
from 2020 (Figure 4a) and 2021 (Figure 4e), it can be seen that the eu- and mesotrophic
reed and Typha beds (B1a) habitat in a large area in the middle of the map show a higher
NDVI value, indicating a more advanced phenological phase of the vegetation due to
higher precipitation. Furthermore, the lake and reed (B1a × U9) habitat complex is also
strongly red colored in the 2021 image, which is also visible due to higher rainfall. In the
case of wetlands, the water has a decisive role, therefore, it is important to examine water
indices as well. When compared, the NDVI and NDWI (Figure 4) indices highlight water
and dense vegetation, but the NDWI alone is not suitable for detecting water bodies, as
several pointed out. The MNDWI (Figure 4) is a better indicator due to enhancing the water
surface [28]. In addition, the MNDWI index proved to be the most suitable for detecting
anthropogenic phenomena like roads and paths, because the open sandy soil is compacted
and does not cover the vegetation, making the water body of the soil even more visible.
Comparing the 2020 (Figure 4d) and 2021 (Figure 4h) images, the MNDWI index showed
the best difference between the precipitations of the 2 years. In the year 2020, scattered dry
spots (red coloring) can be observed in almost all habitats, while in the 2021 image, the
higher humidity (blue coloring) is more visible.
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GNDVI_2020, (c) NDWI_2020, (d) MNDWI_2020, (e) NDVI_2021, (f) GNDVI_2021, (g) NDWI_2021,
and (h) MNDWI_2021.

The dendrogram of the hierarchical cluster analysis shows the distribution of different
indexes of the Á-NÉR habitat categories in 2020 (Figure 5). NDVI (5a) values present
four different groups of the Á-NÉR categories, one of the urbanized and water areas (T1,
U9, and U11), forestry areas (RB, S2, and S4), grassland areas (H2b), and more biomass
containing grassland areas. Division of groups was similar in the other indexes, but in
the case of MNDWI (5d), it separates well the dry grassland categories from the wetland
categories [30,31]. Roads of anthropogenic origin are also completely separated using the
MNDWI index, which is not observed for the other indices. In the NDVI cluster 2021, it can
be seen that the groups with high biological activity (B1a, S4, S2) are completely separated
from the habitats covered with low vegetation (U11, U7, H2b). Comparing the data of the
NDWI and MNDWI indices for 2020 and 2021, which was also shown in the analysis of the
maps, the areas with higher water content are separated from the drier habitats.
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4. Discussion

The Carpathian Basin is sometimes characterized by extreme climatic conditions.
Observations were made in two key years, one rainy (2010) and one dry (2020). In the
maps, (Figure 2) shows clearly that there is a significant difference in the aspect of research
area between the two examined periods. Changes were found in the coverage of habitats
and in the characteristics of habitat types of certain habitat plots, and more fragments were
identified. The number and extent of wetlands decreased significantly in 2020. Based on
our study, it can be stated that a change can be observed between habitat maps, mainly with
a decrease in wet habitats (B1a) and an increase in dry associations (H2b), which was also
seen in the previous study [1]. In the sand steppe habitat (H5b) among dominant species
such as Corinophorus canescens (L.) P. B., Jasione montana L., Veronica ssp., however, the
dominant species Festuca vaginata W. ET K. did not occur. The dominant taxon in the more
closed stands habitat (H2b) was Festuca pseudovina, which also indicates the degradation of
the vegetation [14,32]. The occurrence of Festuca rupicola suggests cooler environmental
conditions and climatic effects [33]. Complex patches appear in the deeper areas (D34),
mostly characteristic of individual Hungarian habitats [1,34,35]; and wet, swampy, marshy,
or water-bound vegetation (D34) patches appear in the depressions on-site [36–38]. In the
wet habitats (D34), in the patches of the habitat that the species change as well, appear some
indicators of the dry habitats, such as Achillea collina, Plantago lanceolata, Dactylis glomerata,
Agropyron repens, and Festuca arundinacea.

The Sentinel-2A satellite data offer an opportunity for mapping natural habitats [32,39].
As no satellite image was available for the wet year of 2010, we were able to compare
precipitation data from different years. We found that 2021 was the wettest year available,
and we compared the data for this year to 2020. A dominant taxon of the association may
affect the result if the test is performed in a phenological phase when the plant stand dries
out or the green surface appears later. Phragmites australis intensively dominates the B1a
area where we observed that the earlier satellite recording showed a much lower NDVI
value in that area than the later recording. This may be due to the fact that the dried plant
parts of Phragmites australis the previous year no longer contain chlorophyll. Based on our
study, it can be seen that the individual vegetation patches can be distinguished well based
on the Á-NÉR categories, thus the field mapping is facilitated by the data of satellite images
in hard-to-reach areas, as others noticed during their work [40].

In contrast, the regularities are clearly outlined in the studied habitats, and the agri-
cultural area shows a homogeneous picture since the harvest of the arable field shows
a negative NDVI value [30,31]. Paths formed due to anthropogenic factors can also be
detected with the help of satellite data, which has already been examined [33] based on the
NDVI index. Of the indices used in our study, MNDWI proved to be the most suitable for
detecting roads.

5. Conclusions

The importance of our work is also underlined by the fact that there were no habitat
surveys in these areas before 2010. With the help of habitat maps, the direction, quality,
and scale of the habitat transformation types could be determined, and the changes could
be evaluated with relevant databases. During the intervals of the two mapping times,
the changes in the vegetation could be well monitored; the effect of the extreme drought
on the vegetation could be detected. By using maps, multidisciplinary research can be
conducted on vegetation. A combined study of the mapped area and other features of the
area (meteorological, hydrological, and soil) can be used to analyze the causal relationships
between environmental features and vegetation. Using data from Sentinel-2A surveys
also gives more accurate data of vegetation in hard-to-reach areas. The satellite image
shows a more accurate picture of the real location of the associations, which is of great
importance for long-term research. In addition, we can get accurate data on the situation
of areas (roads and paths) affected by anthropogenic factors. Maps provide important



Water 2022, 14, 787 10 of 11

information on land use, management, conservation planning, and the importance of
long-term monitoring studies.
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