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Floodplain identification in the context of flood exposure of marginalized Roma
communities

The article deals with the spatial identification of river floodplains in order to locate
marginalized Roma communities exposed to fluvial floods. It works mainly with data
from the Atlas of Roma Communities published in 2019, which for a sample of 231
out of a total of 696 segregated communities is supplemented by a more accurate
spatial representation within the respective municipality. The main methodological
tool was the height above the nearest drainage parameter, which was derived from
DMR3.5 data and, at the local level in the locality surrounding the settlement of
Pribylina (Northern Slovakia), from the more accurate DMRS5.0. We have shown that
most of the mapped communities lie less than 100 m in proximity to the watercourse,
even more than a half of them are located closer than 30 m. On a floodplain within
4 m high from adjacent watercourse we identified 114 marginalized Roma communi-
ties. The distribution of the marginalized Roma communities present on the floodplain
corresponds to the overall distribution of Roma communities in Slovakia, but the
highest number of such communities situated on the floodplain is in the PreSov re-
gion.
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INTRODUCTION

Climate change has become one of the most acute problems human society has
faced in recent decades. Among its manifestations is the increasing intensity and
frequency of extreme hydrological events such as floods on a global scale (Cook et
al. 2018 and Tabari 2020), which pose a direct threat to affected communities.
However, their impact is not evenly distributed across society. For example, floods
appear to be a greater risk for poor and marginalized populations (Walker and
Burningham 2011 and Linscott et al. 2022). On the one hand, the source of in-
creased flood risk may be materially determined by a reduced ability to cope with
floods. In the literature, this corresponds to the concept of flood vulnerability
(Wright 2015). The other side of flood risk is flood hazard. It expresses the suscep-
tibility of a given place to flooding. Due to sociospatial segregation, discriminated
populations may be pushed into otherwise uninhabited and unsafe environments
thereby increasing their exposure (Qiang 2019 and Chakraborty et al. 2022).

In the context of Central Europe, the marginalized Roma communities (MRCs)
are a prime example of social exclusion and segregation (Rochovské and Rusnako-
va 2018). According to qualified estimates from the 2019 Atlas of Roma Commu-
nities — ARC (Ravasz et al. 2019), the Roma population makes up almost 8% of the
total population of the Slovakia, making them the 2nd largest ethnic minority.
However, according to data from the 2021 Population and Housing Census, they
make up just under 3%. Within Slovakia, Roma are unevenly distributed, with the
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largest numbers living in the east and south and the smallest numbers in the north-
west and west of the country (Matlovicova et al. 2012). According to the 2019
ARC, approximately 30% of the Roma population live dispersed among the major-
ity and the remaining 70% in ethnically homogeneous concentrations (Ravasz et al.
2019). The possibility of increased risk in their case is also indicated by the fact
that the most tragic flood event in our country hit the Roma settlement in Jarovnice
in 1998. This resulted in dozens of casualties and hundreds of people losing their
homes. In SITA and TASR agency reports from 1996 — 2010, the threat or inunda-
tion of Roma settlements was directly mentioned in connection with floods in as
many as 31 distinct cases (Solin 2023). However, MRCs have so far been studied
mainly in terms of their vulnerability (Fil¢ak 2012), but the physical and geograph-
ic aspect of their exposure to natural hazards has not been emphasized.

The most comprehensive source of data on Roma communities in the Slovakia
is the ARC. It has been published since 2004 and its 3rd and most up-to-date ver-
sion is from 2019. It contains a wide range of attributes describing over 1,100 con-
centrations of the Roma population obtained mainly by the questionnaire method
from representatives of municipalities in which the presence of the Roma popula-
tion has been identified (MuSinka et al. 2014). The entire dataset is presented in
tabular form, and the most accurate spatial information regarding individual com-
munities relates only to its municipality. It classifies each concentration by type
based on its location relative to the adjacent village. It thus establishes the catego-
ries ‘Inside the village’ (406 communities), ‘On the outskirts of the village’ (502
communities) and ‘Outside the village’ (194 communities). It also includes a bina-
ry attribute directly indicating whether the concentration is being flooded. Among a
number of other dataset, we distinguished the data dedicated to the availability of
water in the dwelling concentration of the Roma population.

According to the ARC, communities located ‘inside the village’ are generally
less socially excluded and distinguishable from the rest of the population (Ravasz
et al. 2019). For this reason, we exclude them from our analysis and work only
with concentrations of the type, ‘On the outskirts of the village’ and ‘Outside the
village’, which we will refer to as segregated MRCs. As the distance from the vil-
lage centre increases, the proportion of unresolved land property rights with do it
yourself forms of housing increases in Roma communities. These can also be situ-
ated in unsafe and otherwise uninhabitable locations. According to the ARC, 30%
of such communities are flooded and 24% of such communities are completely
without an available public water supply connection. This prompts an examination
of the environment in which MRCs are located in terms of flood hazard.

Approaches to flood hazard research are numerous (Teng et al. 2017). They
vary in their data and computational complexity. They range from very reliable
hydrodynamic models (Candela and Aronica 2017), such as the Slovak Hydrome-
teorological Institute (SHMU) has for selected river sections, to highly simplified
approaches designed for national to continental level applications with more li-
mited data. The latter includes, for example, the height above the nearest drainage
(HAND) parameter (Renno et al. 2008). In addition, the inundation area can also be
indicated, for example, by floodplains of rivers (Ghosh and Kar 2018). Fluvial
floods are also linked to active floodplain areas, which caused approximately half
of the flooding events in Slovakia between 1996 - 2006 (Solin 2007). The spatial
identification of floodplain areas may thus represent one of the ways to express the
hazard posed by such floods.
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The paper aimed to build on the ARC at the national level to deepen the under-
standing of the relationship between segregated Roma communities and flood-
prone river landscapes. Based on the ARC, aerial imager, ZB GIS buildings layer
and Google Street View, we were concerned with identifying those MRCs that are
located on the floodplain and therefore assumed to be exposed to fluvial flooding.
The application of such analysis on the national level restrained us from using sim-
plified methods such as HAND. The primary goal of this paper was thus the identi-
fication of MRCs located on the floodplain and our secondary goal was to deal
with the parameterization of HAND when used at the national level.

MATERIAL AND METHODS

The total number of segregated MRCs recorded in the ARC is 696. Since the
original data are not localized within the municipality, our first step in analysing
their exposure to flooding was to obtain more detailed spatial information. To do
this, we relied on ARC data that included the name of the street or other geogra-
phical location in the name attribute of each marginalised community. Other useful
information about MRCs was the number and type of houses that form them or,
potentially, the type of barrier that separates it from the village or the distance from
the village.

We used this information to spatially identify segregated MRCs based on aerial
imagery. Google Street View was also helpful in cases of uncertainty. We also
identified a significant portion of segregated MRCs through the ZB GIS building
layer. The 'TXT' annotation attribute identified the buildings as Roma dwellings in
some cases. We selected such buildings, aggregated their clusters into convex hulls
and, if they were located in municipalities with segregated MRCs, we evaluated
whether they mark respective communities based on ARC data. We thus obtained a
spatial database of 561 (out of 696) segregated concentrations of the Roma popula-
tion (Fig. 1). They were recorded into a polygon layer where each feature repre-
sents one segregated MRC. We have not been able to identify mostly small com-
munities indistinguishable from the rest of the village.

One of the simple metrics of proximity can be Euclidean distance. We comput-
ed it between each mapped MRC from the edge of the polygon to the nearest ZB
GIS watercourse point. Although this does not in itself indicate a flood hazard or
the presence of a floodplain, it does indicate a general trend in the relationship of
settlements to watercourses.

The raster HAND layer was obtained using the method described by its authors
(Renno et al. 2008). We used the QGIS software with the PCRaster extension
(Karssenberg et al. 2010) for this purpose. From the digital elevation model
(DEM), we first derived the flow direction, from which we subsequently obtained a
raster of the flow accumulation (O’Callaghan and Mark 1984). By setting a mini-
mum contribution area threshold, we obtained a newly produced streamflow layer.
The combination of flow direction and the streams network allowed us to deter-
mine the actual subcatchments for each stream pixel. The HAND itself was then
obtained by subtracting the lowest elevation of each subcatchment from the origi-
nal DEM values. The HAND threshold for floodplains identification was based on
its distribution function calculated over all of the pixels of any mapped MRC.
Since the floodplain is predominantly flat and in close proximity to watercourses
(Goudie 2004), the lowest HAND values can be expected there. In this context, we

343



GEOGRAFICKY CASOPIS /| GEOGRAPHICAL JOURNAL 76 (2024) 4, 341-354

therefore identified such segregated MRCs that reached HAND values less than the
Ist quartile over most of their area. For a right-skewed distribution, the arithmetic
mean corresponds to the most of the area. Plains have similar properties of relief.
However, these are not as associated with floods as floodplains and therefore we
had to distinguish between them. To do this, we used a layer of geomorphological
units of the Slovakia (Mazir and Lukni§ 1978), from which we selected the plains.
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Fig. 1. Spatial representation of segregated MRCs in municipalities of Slovakia

Municipalities with at least one MRC (according to the ARC) are coloured. In green municipalities,
we have spatially identified all of the MRCs. In yellow municipalities, we have mapped at least one
MRC, but some stayed unidentified. In red municipalities, we could not spatially identify any MRC.

Sources: ARC, ZB GIS.

The most important step in the HAND calculation was the selection of the con-
tribution area threshold for the production of the streamflow layer. The omission of
a watercourse due to a very high threshold will in fact increase the HAND value.
With a low threshold, artificial, unrealistic streams are generated, which in the con-
trast reduce the HAND value. To determine the extent to which these errors are
produced, we compared the results of the different thresholds with the ZB GIS
stream layer, which in our case was a better representation of the real condition.
We achieved this by using a buffer around both line layers. Since the ZB GIS
streams with the estimated location have a maximum error of 20 m (Geoportal
2022a) and the DMR 3.5 from which we derived the contribution area has a spatial
resolution of 10 m (Geoportal 2021), we chose a buffer width of 30 m. Subsequent-
ly, we computed the percentage of the first layer of watercourses that is in the buf-
fer of the second layer and the same in reverse. Thus, we obtained two proportional
values that informed us about the matching of the line layers used. This procedure
was applied to contribution area thresholds ranging from 0.1 to 0.2 km”. In a region
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as large and diverse as Slovakia, the effect of a single threshold value cannot be
expected to be the same across the whole country. For this reason we have made
the whole comparison on three types of geomorphological units: plain, upland and
highland.

In this paper, we discuss the use of HAND specifically in conjunction with
floodplain identification. Therefore, we were interested in the distribution of values
of the outputs of this method mainly in the floodplain environment and its immedi-
ate surroundings. We spatially identified the floodplains based on the DMR 5.0 in
the form of shaded relief. Floodplains are easily recognized that way, thus we
could use it as reference layer. As a validation layer for HAND, we used the DEM
normalized by the average slope of the watercourse channel in the selected seg-
ments as follows:

NDEM;i = (DEMi — DEMmin) — (s * d) and
s = atan (DEMmax — DEMmin) / dmax),

where NDEM denotes DEM normalized by the average channel slope of the water-
course, i represents individual raster pixels, min is the location of the watercourse
outflow from the selected area, max is the location of the watercourse inflow to the
selected area, d is the horizontal Euclidean distance from the location of the water-
course outflow from the selected area, and s is the constant of the average channel
slope in the investigated section.

For the analysis of the distribution of HAND values on the floodplain, we
worked with a 2 km long section of the Bela River near the village of Pribylina.
There is a wide and well-developed floodplain with which we are familiar and a
segregated MRC too. Due to our validation layer methodology using the average
channel slope, we worked with maximum 2 km long sections. The longer the sec-
tion is, the larger the errors in the validation layer would be due to deviations from
this average slope. Analyzing the spatial distribution of HAND values on the flood-
plain gave us the opportunity to evaluate the influence of different spatial resolu-
tion of the input DEMs on the HAND results. For this purpose, we used DMR 3.5
with a spatial resolution of 10 m and height accuracy within 1 m in 61.21% of ca-
ses, up to 3 m in 89.66% of cases and with an accuracy of up to 5 m in 97.42% of
cases (Geoportal 2021) and DMR 5.0 with a spatial resolution of 1 m and height
accuracy 0.04 m (Geoportal 2022b).

RESULTS

MRC Watercourse Proximity

Up to almost three-quarters of the mapped segregated MRCs are located less
than 100 m from a watercourse, and more than a half of them are located closer
than 30 m from a watercourse (Fig. 2A). 220 of mapped MRCs (39 %) are situated
less than 10 m from nearest ZB GIS stream. Q90 value is 278 m.

The distribution of HAND values calculated over all of the pixels covering any
of the mapped MRC (Fig. 2B) was skewed right with a mean value of 17 m, Q25 =
4 m and Q75 = 22 m. Therefore, we classified each MRC with a mean HAND va-
lue below 4 m as located on a floodplain (Fig. 3). The exception was communities
intersecting the plains layer, which we classified in a separate category.
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Fig. 2. A — Distance of segregated MRCs (calculated from the nearest point of the polygon)
to the nearest watercourse (ZB GIS). Whiskers length is: 1.5 x (Q75 — Qys),
B — Distribution of heights above the nearest drainage (HAND) computed over all pixels
covering the MRCs
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[ MRC located on floodplain
[ MRC located elsewhere
MRC flooded before (ARC)

Fig. 3. Municipalities with segregated MRCs located on floodplain or plain
Sources: ARC, ZB GIS, DMR 3.5, Geomorphological units of SR.

In total, we were able to identify 114 segregated MRCs present on the flood-
plain. Most of them were located in the PreSov region (49), then the KoSice region
(23), Banska Bystrica region (21), Nitra region (10), Trnava region (4), Tren¢in
region (3) and both Bratislava and Zilina region (2). It corresponds to the overall
distribution of Roma communities. On the district level, MRCs situated on the
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floodplain were situated most frequently in the districts of Kosice — okolie (9),
Presov (8), Svidnik (7), Poprad (6) and Bardejov (6). Less than one third (182) of
the mapped MRCs were so far flooded according to the ARC (90 in PreSov region,
43 in Kosice region, 33 in Bansk4 Bystrica region, 6 in Nitra region, 4 in Zilina
region, 3 in Trencin region, 2 in Bratislava region and 1 in Trnava region). Fifty
five MRCs were both situated on the floodplain and experienced flooding accord-
ing to ARC. Most of them were located in PreSov region (27), then Banska Bystri-
ca region (12), KosSice region (10), Nitra region (3), Trencin region (2) and Trnava
region (1). Only 6 MRC:s situated on the plain have also experienced flooding ac-
cording to the ARC.

HAND Limitations

A comparison of the stream network generated by us with the ZB GIS layer
(Tab. 1) revealed some common tendencies for each of the geomorphological types
studied. In general, lower thresholds had a better coverage of the ZB GIS re-
ference layer, but at the same time they also created streams where they should not
have been generated more frequently. Therefore, they generally tended to overesti-
mate. The opposite tendency could be observed for higher threshold values. Ho-
wever, in our case there was a significant effect of both underestimation and over-
estimation independent of the flow accumulation threshold. This was most pro-
nounced in the plane area where there were a number of artificially modified small
streams and canals. The layer of streams created by setting the minimum flow ac-
cumulation value tended to follow more closely the course of the original inactive
channels, which does not correspond to the ZB GIS layer. Therefore, for the
HAND analys1s we accepted the variant with higher thresholds (0.2 km? ), thus
minimizing the proportion of inactive channels.

Tab. 1. Matching of the ZB GIS stream layer with the stream layers created according
to the minimum catchment area value from DMR3.5

Plane Upland Highland

Flow accumulation
threshold (kmz) 0.10 0.15 0.20 0.10 0.15 0.20 0.10 0.15 0.20

False positive streams 5480 5930 6250 60.60 48.70 5430 47.40 5570 60.70
ratio (%)

False negative streams 5 15 1969 1650 1440 7220 1110 1110 7.60  6.10
ratio (%)

On a 2 km long river stretch of the Beld River in the surroundings of the village
of Pribylina, we investigated the distribution of HAND values of its floodplain,
which contains segregated MRC as well. In order to be able to assess the distribu-
tion of HAND values, we compared it to DEM normalized by the average slope of
the channel (Fig. 4). The elevation difference DEMmax — DEMmin was 37 m, thus
the average slope s = 1° 3° 35”°. The elevation error of reference normalized DEM
ranges from -1.06 to 3,44 m (Fig. 4B).

The distribution of HAND values on the Belé floodplain at the underlying DMR
3.5 and DMR 5.0 reached high values considering it is a floodplain (Fig. 4E). Ac-
cording to the HAND from DMR 5.0, up to a quarter of the floodplain was more
than 10 m above the stream, and up to approximately half of the area was more
than 5 m above the stream. The HAND calculated from DMR 3.5 was generally
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slightly lower, with a quarter of the area reaching values above 9 m and half above
4 m. Compared to DMR 5.0 normalised by the average slope of the channel, where
77% of the area was within 2 m above the channel and only 4% of the floodplain
reached values higher than 4 m, we get radically different results, even including
the aforementioned elevation error of the method of normalising the DMR by the
average slope of the channel.
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Fig. 4. The floodplain of the Bela watercourse
DMR 5.0 (A) and DMR 5.0 normalized by average channel slope (B); spatial
distribution of HAND values calculated from DMR 3.5; DMR 5.0 (D) and graphical
distribution of normalized DMR values (E)

DISCUSSION

In this paper, we have addressed the identification of segregated MRCs located
at the floodplain. This is because a location in these areas can indicate a flood ha-
zard (Ghosh and Kar 2018), as fluvial floods are associated with active floodplains.
However, how to distinguish active floodplains from those that no longer inundate
due to geomorphological development or water management? Typically, the 100-
year flood extent is used (Goudie 2004), but modelling this at a national scale
would require a huge amount of hydrological or topographical data. In the HAND
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method we use, which has also found applications in spatial identification of flood-
plains and flood hazard assessment (Nobre et al. 2015 and Clubb et al. 2017), alt-
hough it does increase the height above the nearest watercourse in the areas behind
the levees due to increased distance in the flow direction, it fails to incorporate wa-
ter management tools, such as dams, that affect the hydrological parameters of the
watercourse. Hence, we were thus unable to recognize the active parts of flood-
plains.

This is one of the reasons why the segregated MRCs that are located on the
floodplain have largely not been included among those that have been previously
inundated according to the ARC. Another reason may be based on the ARC met-
hodology (Ravasz et al. 2019), which considers only the empirical occurrence of
flooding in MRCs. However, it does not make it clear in what timeframe they
should have been flooded, nor does it highlight those that have not yet managed to
experience the hazard. Conversely, in some cases, the ARC also identifies flooding
in MRC:s that are not located on the floodplain according to our results. One reason
for this may again be a methodological disparity, as the ARC does not distinguish
between flood types and presumably includes non-fluvial floods, which may not be
bound to the floodplain area.

Another source of discrepancy was the systematic increase of HAND values on
floodplains with a higher slope along the flow direction than in the cross-sectional
direction, which could be seen in the example of the Bela floodplain. The spatial
distribution of HAND values (Figs. 4C and 4D) revealed the cause of its higher
values even though it was a floodplain area. This was due to the way in which the
distance to the nearest drainage is defined, associated with the nature of the Bela
floodplain. The latter is a braided-wandering river with a number of inactive side
channels. The flow direction, according to which the distance to the nearest drai-
nage was calculated, followed these channels often flowing parallel to the active
low-flow channels. The defined distance was then higher because it was calculated
up to the confluence of the side channel with the main low flow channel. By having
the flow direction always pointing to the lowest neighbouring pixel we can also
conclude that the distance to the nearest drainage and the resulting HAND value
are directly proportional to each other. An increase in this distance therefore im-
plies an increase in the resulting HAND value. In the environment of the Bela
floodplain, this caused an increase of up to 20 m in elevation, while the same loca-
tions may not be more than 1 m above the level of the channel, regardless of
whether DMR 3.5 or DMR 5.0 was used. This was the case of the segregated MRC
located on the Bela floodplain, where HAND values (computed from both DEMs)
for more than half of its territory were higher than 5 meters, even though the refe-
rence normalized DEM peaked at 2 meters above the Bel4 low flow channel.

The discrepancy in our results compared to the ARC could be related to the rep-
resentation of the watercourses that we used to calculate HAND too. Although the
representation differed most significantly from the ZB GIS streams in the area of
plains (Fig. 5A), where segregated MRCs were classified to a separate category,
we also omitted more than 40% of the mostly small streams in the other geomor-
phological units from the calculation (Tab. 1 and Fig. 5B). Irrespective of the geo-
morphological units, it was not possible to set a threshold that would include most
of the streams in the ZB GIS and at the same time minimise the number of streams
that were not recorded there. In addition, with a single threshold set high enough,
we could get rid of most of the redundant streams, even if it meant filtering out a
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significant number of the real ones as well. As a consequence, HAND values were
higher there, which may have led to false negative identification of MRCs on the
floodplain. Opposite examples of MRC false positives on the floodplain may also
have occurred, but the proportion of false positive streams was several times lower.

Fig. 5. Comparison of the spatial representation of streams derived from DMR3.5
(black dashes) and ZB GIS (white) on the example of the Vychodoslovenska nizina
plain (A); example of a missing river section of a DMR3.5 derived stream flowing through
MRC (B)

If a stream layer derived from a minimum threshold of flow accumulation was
used to compute HAND (Donchyts et al. 2016), the layer obtained does not corre-
spond (especially on the plains) to the real flow pattern of the watercourses. How-
ever, the use of an existing streams layer (Johnson et al. 2019), if not generated
from the same DEM as HAND, similarly produces an error. Specifically, in loca-
tions where the course of the stream vector does not correspond to its channel in
the DEM. A hybrid solution is also an option, which consists in reducing the DEM
values by a fixed constant at locations crossed by such a layer of streams (Luo
et al. 2011). While this partially solves the problem of incompatibility between the
DEM and the watercourse layer, it also systematically increases the HAND values
by a set constant.

We also showed that a high proportion of segregated MRCs are located in close
proximity to a watercourse measured both in Euclidean distance and height above
the nearest drainage. This proximity is necessary for the occurrence of fluvial
floods and demonstrate the importance of the physical geographic aspect of flood
exposure. The same could probably be said for the remaining population’s settle-
ments in Slovakia. However, most of the major flood protection in the territory of
present-day Slovakia was built during the socialist period (Bednarova et al. 2010),
which corresponds to the population explosion and the growth of settlements
throughout the country (Sprocha and Majo 2016). On the contrary, the rapid in-
crease in the number of Roma living in segregation, and hence in segregated settle-
ments, has occurred mainly since the period of transformation in the 1990s
(Matlovicova et al. 2012 and Ravasz et al. 2019). In the post-socialist era, however,
state activity in creating flood protection infrastructure has also been significantly
weaker (Bednarova et al. 2010). Thus, it is clear that segregated Roma settlements
are not as protected as towns or cities, and occupied uninhabited and unsafe envi-
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ronments which would relatively increase their exposure to flooding, similar to
stated in works by Qiang (2019) and Chakraborty et al. (2022). However, such a
comparison of the presence of flood protection measures or flood exposure for
MRCs and villages would be very difficult at the national level. Inspiration for re-
search at the regional scale can be drawn from the work of Fil¢ak (2012), in which
the author analyses inequalities between MRCs and towns using a sample of 30
MRCs. Though there is a part de-dicated to floods in his book, it doesn’t elaborate
the relation between topography and floods, which, as we have shown, is crucial
for this kind of research.

CONCLUSION

This work was aimed at identifying segregated MRCs that are located on the
floodplain and thus exposed to flooding. The first challenge was spatial identifica-
tion of those communities within their municipalities. We managed to do so using
ARC, aerial imagery, ZB GIS buildings layer and Google Street View, resulting in
identification of 561 out of 696 segregated MRCs. We were unable to locate most-
ly small communities that were indistinguishable from their surroundings.

For floodplain identification, we chose a methodology that is characterized by
its low data requirements and thus we were able to apply it to the entire territory of
Slovakia. Although, working with the HAND method opened several questions
related mostly to its parametrization, we have identified 114 segregated MRCs lo-
cated on the floodplain. Up to almost three-quarters of segregated MRCs are loca-
ted less than 100 m from a watercourse, and more than a half of them are closer
than 30 m from a watercourse. In only 55 cases were Roma communities both on a
floodplain and flooded compared to the ARC (although up to 182 of all 561 MRCs
were flooded according to the ARC). This discrepancy results from the use of dif-
ferent methodologies, as well as from shortcomings associated with the HAND
method. It cannot effectively distinguish the active part of the floodplain, the re-
sults are dependent on the representativeness of the watercourse network, but also
have systematically higher values at locations of higher slope in the direction along
the channel. The use of DEMs with better spatial resolution and lower elevation
error did not affect this.

However, our research was focused on identification of floodplain, not floods.
Our results therefore could not mark MRCs endangered by flood events. They indi-
cate a potential for fluvial floods, which could be mitigated e. g., by flood protec-
tion infrastructure. Nonetheless, the results demonstrate the connection between
segregated MRCs and watercourses, prompting us to further investigate this rela-
tionship at a regional scale that will allow the use of more sophisticated methods
encompassing this infrastructure too. Identification of MRCs situated on a flood-
plain could help us narrow the dataset for future work.

This research was supported by the Science Grant Agency (VEGA) of the
Ministry of Education of the Slovak Republic and the Slovak Academy of Sciences
(02/0086/21) and by the Slovak Research and Development Agency under the
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social inequality (APVV-22-0428).

351



GEOGRAFICKY CASOPIS /| GEOGRAPHICAL JOURNAL 76 (2024) 4, 341-354

REFERENCES

BEDNAROVA E., LUKAC, M., MINARIK M., BAKALJAROVA, M., LIPTAK, B.,
MISCIK, M., PANENKA P., STOLICNY J. (2010) Priehradné stavitel'stvo na Slo-
vensku: Orlglnallty Mllmky Zau]lmavostl Bratislava (KUSKUY).

CANDELA, A., ARONICA, G. T. (2017). Probabilistic flood hazard mapping using biva-
riate analysis based on copulas. ASCE-ASME Journal of Risk and Uncertainty in Engi-
neering Systems, Part A: Civil Engineering, 3(1). DOI: https://doi.org/10.1061/
AJRUA6.0000883

CHAKRABORTY, L., RUS, H., HENSTRA, D., THISTLETHWAITE, J., MINANO, A.,
SCOTT, D. (2022). Exploring spatial heterogeneity and environmental injustices in ex-
posure to flood hazards using geographically weighted regression. Environmental Re-
search, 210, 1-14. DOLI: https://doi.org/10.1016/j.envres.2022.112982

CLUBB, F. J., MUDD, S. M., MILODOWSKI, D. T., VALTERS, D. A., SLATER, L. J,,
HURST, M. D., LIMAYE, A. B. (2017). Geomorphometric delineation of floodplains
and terraces from objectively defined topographic thresholds. Earth Surface Dynamics,
5, 369-385. DOI: https://doi.org/10.5194/esurf-5-369-2017

COOK, B. 1., MANKIN, J. S., ANCHUKAITIS, K. J. (2018). Climate change and drought:
From past to future. Current Climate Change Reports, 4, 164-179. DOI: https://
doi.org/10.1007/s40641-018-0093-2

DONCHYTS, G., WINSEMIUS, H., SCHELLEKENS, J., ERICKSON, T., GAO, H.,,
SAVENIJE, H., van de GIESEN, N. (2016). Global 30m height above the nearest drai-
nage. EGU General Assembly Conference Abstracts. DOI: https://doi.org/10.13140/
RG.2.1.3956.8880

FILCAK, R. (2012). Living beyond the Pale: Environmental justice and the Roma minority.
Budapest (Central European University Press). DOI: https://doi.org/10.1515/
9786155225543

GEOPORTAL (2021). DMR3.5. Available: https://www.geoportal.sk/sk/zbgis/udaje-zbgis/
aktualizacia-dmr-3-5.html [accessed 13 November 2023].

GEOPORTAL (2022a). Katalog tried objektov ZBGIS. Available: http://www.geoportal.sk/
sk/zbgis/kto-zbgis/ [accessed 13 November 2023].

GEOPORTAL (2022b). Letecké laserové skenovanie a DMR 5.0. Available: http://www.
geoportal.sk/sk/zbgis/lls-dmr/ [accessed 13 November 2023].

GHOSH, A., KAR, S. K. (2018). Application of analytical hierarchy process (AHP) for
flood risk assessment: A case study in Malda district of West Bengal, India. Natural
Hazards, 94(1), 349-368. DOI: https://doi.org/10.1007/s11069-018-3392-y

GOUDIE, A. (2004). Encyclopedia of Geomorphology. London (Routledge).

JOHNSON, J. M., MUNASINGHE, D., EYELADE, D., COHEN, S. (2019). An integrated
evaluation of the National Water Model (NWM) — Height Above Nearest Drainage
(HAND) flood mapping methodology. Natural Hazards and Earth System Sciences, 19,
2405-2420. DOI: https://doi.org/10.5194/nhess-19-2405-2019

KARSSENBERG, D., SCHMITZ, O., SALAMON, P., de JONG, K., BIERKENS, M. F. P.
(2010). A software framework for construction of process-based stochastic spatio-
temporal models and data assimilation, Environmental Modelling & Software, 25, 489-
502. DOI: 10.1016/j.envsoft.2009.10.004

LINSCOTT, G., RISHWORTH, A., KING, B., HIESTAND, M. P. (2022). Uneven experi-
ences of urban flooding: Examining the 2010 Nashville flood. Natural Hazards, 110(1),
629-653. DOI: https://doi.org/10/gpkpwr

LUO, Y., SU, B., YUAN, J., LI, H., ZHANG, Q. (2011). GIS techniques for watershed
delineation of SWAT model in plain polders. Procedia Environmental Sciences, 10,
2050-2057. DOI: https://doi.org/10.1016/j.proenv.2011.09.321

MATLOVICOVA, K., MATLOVIC, R., MUSINKA, A., ZIDOVA, A. (2012). The Roma
population in Slovakia. Basic characteristics of the Roma populatlon with emphasis on
the spatial aspects of its differentiation. In Pénzes, J., Radics, Z., eds. Roma population

352



GEOGRAFICKY CASOPIS /| GEOGRAPHICAL JOURNAL 76 (2024) 4, 341-354

on the peripheries of the Visegrad countries: Spatial trends and social challenges.
Debrecen (Didakt), pp. 77-104.

MAZUR, E., LUKNIS M. (1978). Reglonalne geomorfologické clenenie Slovenskej
soc1a11st1ckej repubhky Geograficky casopis, 30, 101-125.

MUSINKA, A., SKOBLA, D., HURRLE, ., MATLOVICOVA K., KLING, J. (2014).
Atlas romskych komunit na Slovensku 2013. Bratislava (UNDP)

NOBRE, A., CUARTAS, L., MOMO, M., SEVERO, D. L., PINHEIRO, A., NOBRE, C.
(2015). HAND contour: A new proxy predictor of inundation extent. Hydrological Pro-
cesses, 30, 320-333. DOI: https://doi.org/10.1002/hyp.10581

O’CALLAGHAN, J. F., MARK, D. M. (1984). The extraction of drainage networks from
digital elevation data. Computer Vision, Graphics, and Image Processing, 28, 323-344.
DOI: https://doi.org/10.1016/S0734-189X(84)80011-0

QIANG, Y. (2019). Disparities of population exposed to flood hazards in the United States.
Journal of Environmental Management, 232, 295-304. DOI: https://doi.org/10/gkp5c9

RAVASZ, A., KOVACS, L., MARKOVIC, F. (2019) Atlas romskych komunit. Bratislava
(Veda)

RENNO, C. D., NOBRE, A. D., CUARTAS, L. A., SOARES, J. V., HODNETT, M. G.,
TOMASELLA, J., WATERLOO, M. J. (2008). HAND, a new terrain descriptor using
SRTM-DEM: Mapping terra-firme rainforest environments in Amazonia. Remote Sen-
sing of Environment, 112, 3469-3481. DOI: https://doi.org/10.1016/j.rse.2008.03.018

ROCHOVSKA, A., RUSNAKOVA J. (2018). Poverty, segregation and social exclusion of
Roma communities in Slovakia. Bulletin of Geography. Socio-Economic Series, 42,
195-212. DOI: https://doi.org/10.2478/bog-2018-0039

SOLIN, L. (2007). Analysis of floods occurrence in Slovakia in the period 1996 — 2006.
Journal of Hydrology and Hydromechanics, 56, 95-115.

SOLIN, L. (2023). Povodne v obdobi 1996 — 2010. Spracované na zaklade agenturnych
sprav SITA a TASR. Internal document.

SPROCHA, B., MAJO, I. (2016). Storocie populacného vyvoja Slovenska I.: demografické
procesy. Bratislava (INFOSTAT)

TABARI, H. (2020). Climate change impact on flood and extreme precipitation increases
with water availability. Scientific Reports, 10, 13768. DOI: https://doi.org/10.1038/
$41598-020-70816-2

TENG, J., JAKEMAN, A. J., VAZE, J., CROKE, B. F. W., DUTTA, D., KIM, S. (2017).
Flood inundation modelling: A review of methods, recent advances and uncertainty
analysis. FEnvironmental Modelling and Software, 90, 201-216. DOI: https://
doi.org/10.1016/j.envsoft.2017.01.006

WALKER, G., BURNINGHAM, K. (2011). Flood risk, vulnerability and environmental
justice: Evidence and evaluation of inequality in a UK context. Critical Social Policy,
31, 216-240. DOI: https://doi.org/10.1177/0261018310396149

WRIGHT, D. B. (2015). Methods in flood hazard and risk assessment. Washington (World
Bank).

Marian Jancovic, Anna Kidova

IDENTIFIKACIA RIECNEJ NIVY V KONTEXTE POVODNI
KTORYM SU VYSTAVENE MARGINALIZOVANE
ROMSKE KOMUNITY

Ciel'om clanku bola priestorova identifikacia rie¢nych niv v kontexte fluvidlnych po-
vodni ohrozujucich marginalizované romske komunity na Slovensku. Pracovali sme s data-
mi Atlasu romskych komunit z roku 2019, ktoré sme pri vzorke 561 z celkovo 696 segrego-
vanych komunit doplnili o presnej$iu priestorovu reprezentaciu v ramci katastralneho uze-
mia ich pril'ahlej obce. Hlavnym metodickym nastrojom bol parameter vysky nad najbliz-
§im vodnym tokom, ktory sme odvodili z digitadlneho modelu reliéfu DMR3.5 a na lokalnej
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urovni v okoli obce Pribylina aj z presnejSicho DMR5.0 ziskaného z leteckého laserového
skenovania. V praci sme podrobne popisali aj nedostatky pouzitej metody spojené hlavne s
jej parametrizaciou a definiciou vzdialenosti od vodného toku, ktoré boli pritomné bez
ohl'adu na detailnost’ zdrojovej vrstvy. Vysledky Stidie ukazali, ze az takmer tri Stvrtiny
zmapovanych segregovanych marginalizovanych romskych komunit sa nachadzaju mene;j
ako 100 m od vodného toku a viac ako polovica z nich sa nachadza blizsie ako 30 m od
vodného toku. Identifikovali sme aj 14 komunit, ktoré su situované na riecnej nive. Atlas
romskych komunit uvadza, ze iba 55 z nich bolo zaplavenych, pretoZe nasa metodika nedo-
kaze efektivne rozlisit’ aktivnu Cast’ rienej nivy a Gdaje zo spominaného atlasu neudavaji
¢asovy horizont, v ktorom mali byt romske komunity zaplavené, ani potencialne povodne,
ktoré sa v tomto ¢asovom useku nestihli uskutocnit’.
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