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Abstract

Proxy data and qualitative information are important assets in water resources and floods management. In the research, the
river water bodies with characteristic toponyms (hydronyms) in Greece that potentially reflect the water’s quality or the
occurrence of floods are evaluated in comparison to the European Union’s (EU) Water Framework and Flood Directives
implementation process outputs. For doing so, after identifying the river water bodies with characteristic toponyms which
form the 10.2% of the Greek water bodies, the toponyms are cross correlated with the water bodies quality status as retrieved
by the Directives’ databases to validate the existence of linkages between the names and the quality. Similarly, the significant
floods, as derived from the Flood Directive, are spatially allied with the water bodies with characteristic toponyms to ground
truth the connection between significant floods and water bodies whose toponyms imply flood prone areas. The research
outputs indicate a high degree of correlation both in terms of water quality and floods, meaning that in almost all cases the
water body toponym depicts the good or bad quality of the water body or the occurrence of flood events. Moreover, it is
established that almost 90% of the water bodies with characteristic names are intermittent and ephemeral ones. The water
bodies’ toponyms, hence, are proposed as an auxiliary criterion during the Directives implementation process that could
foster increased water quality and flood-related knowledge, especially in intermittent and ephemeral water bodies which
are generally lacking observations, and can be applied not only in all EU-Member States’ waters, but also in global scale.

Keywords Hydronyms - Toponyms - Water bodies - Water framework directive - Floods directive - Water and floods
management

Introduction

Toponyms are an important data source that reflect the
human activities and natural landscapes within a certain
area and time period (Zhong et al. 2020). For example, Luo
et al. (2010) quantitatively present the relationship between
Tai toponyms and terrain characteristics which are used for
wet rice farming, or Kharusi and Salman (2015) explore
the Arabic terms related to fresh water sources expressed
in Oman’s toponyms and demonstrate that the significance
of scarce water resources in dry environments is expressed
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through toponyms. Frajer and Fiedor (2018) use place names
in a GIS environment for the identification and spatial dis-
tribution of disappeared water bodies that used to serve as
fishponds and were converted into arable lands in the past.
The authors conclude that areas linked to fishpond extinc-
tion are now facing more frequent droughts. Other scholars
use the hydronym information to trace the parent channels
of the study rivers and validate the hydrographic network
(Sah et al. 2022). The most indicative example of hydronyms
expressing a river’s characteristics are the Blue and White
Nile Rivers, since the latter’s name stems from the light gray
sediments that it carries while Blue Nile’s name is attributed
to the water dark reddish-brown muddy colour because of
the type of sediments it contains (Vijverberg et al. 2009).
Nevertheless, linkages between the hydronyms, hereinafter
expressed as toponyms, and the water quality and quantity
(mainly regarding floods) are rather limited in the literature.

At the European Union (EU) scale, the water related poli-
cies, such as the Water Framework and Floods Directives,
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that have gradually been put in force since the beginning of
the twenty-first century consist of the most holistic, modern,
and up-to-date policy frameworks regarding water resources
management. The protection of the water resources, as well
as securing human lives and activities against extreme
events are the core elements of the Directives, which are
also gradually being adopted in several non-EU countries
(e.g. Ergoniil et al. 2018; Zhou et al. 2014). Focusing on
the Water Framework Directive (WFD) (EC 2000) that fos-
ters the good quality of the water bodies, i.e. of designated
water units that a hydrographic system is composed of (EC
2003a), its’ operational implementation process is conducted
through the River Basin Management Plans (RBMPs). These
strategic documents, which have a rolling 6-years life cycle,
integrate all the available information and data coming from
common monitoring programmes and protocols for all the
EU Member-States (EC 2003b) about the quality status of
all water types, e.g. surface, groundwater, transitional and
coastal waters, at basin scale, resulting in the classification
of the water bodies quality, and thus the characterization
of the waters’ quality. In cases where a good quality status,
which is the principal aim the Directive, is not achieved,
specific measures for the amelioration of the degraded water
bodies status are proposed in the RBMPs with the effec-
tiveness of these measures to be evaluated in the upcoming
RBMPs (e.g. EC 2021). The advantages and bottlenecks of
the WFD implementation process are thoroughly discussed
within the literature (Skoulikidis et al. 2021; Skoulikaris
2021; Vito et al. 2020; Carvalho et al. 2019; Maia 2017;
Voulvoulis et al. 2017; Parés et al. 2015).

On the other hand, the Directive on the Assessment and
Management of Flood Risks (EC 2007), commonly known
as the Floods Directive (FD), focuses on reducing and man-
aging the risks of potential floods to human health, envi-
ronment, cultural heritage and economic activities (Nones
2019). The implementation of the FD is conducted through
three sequential steps, namely: (i) the preliminary flood risk
assessment aiming at producing areas of potential significant
flood risks (APSFR) as a spatial compilation of historical
significant flood events, of infrastructures and locations
of significant importance, and of terrain slope character-
istics; (ii) the development of flood hazard maps through
hydrologic and hydraulic modeling within the APSFR, and
of flood risk maps which are produced on the basis of the
hazard maps and expressed in terms of potential number
of inhabitants affected, economic activity damaged and
degraded environmental areas; and (iii) the creation of Flood
Risk Management Plans (FRMPs) (Bubec 2016; Nones
2015). FRMPs are those comprehensive documents that inte-
grate the produced information to force protection measures
and risk absorption at various levels as well as to enable
spatial water governance (Hartmann and Driessen 2017).
The whole process is repeated every 6-years to ensure that
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flood risk takes account of new information, developments
and changes in risk. The gained benefits and the shortcom-
ings on achieving FD objectives and management of flood
risks are peer reviewed by various scholars (Goytia 2021;
Brillinger et al. 2020; Hartmann and Spit 2016; Tsakiris
2014; Heintz et al. 2012).

Apart from the public and stakeholders’ participation in
the implementation process of the WFD and FD, which is
a particular pioneering issue (Ruiz-Villaverde and Garcia-
Rubio 2017; Jager et al. 2016), the fact that both Directives
are developed within the same reference scale, i.e. the River
Basin District (RBD), is also considered one of the Direc-
tives innovations. Based on recent data, the fitness check
at the functioning of and relationship between the FD and
WEFD demonstrated that the interactions are positive and
lead to synergies (Vermeulen et al. 2019), while other schol-
ars, e.g. Skoulikaris and Krestenitis (2020), investigate the
coupling of the WFD with other EU Directives for accurate
water balance modelling. Going a step forward, it can be said
that the water bodies are the cornerstone of the implementa-
tion process of both Directives, since they both use the same
delineated water bodies. Particularly, in the WFD the pres-
sures analysis, the water quality and the proposed measures
are directly connected to the designated water bodies, while
in the FD the floods’ occurrence assessment and the flood
hazards simulation is conducted on water bodies. However,
and to the author’s knowledge, qualitative characteristics of
the water bodies, such as their names (toponyms) have not
been taken into consideration during the implementation of
the Directives.

The research’s objective is to investigate in which way the
water bodies’ names, i.e. their toponyms (or hydronyms),
could provide a priori evidences about the water quality and
the floods occurrence locations, and by what means these
evidences could facilitate the WFD and FD implementa-
tion processes, respectively. For this purpose, the delineated
water bodies together with their quality characteristics as
well as the significant floods were retrieved from official
EU databases storing the Directives’ produced datasets. The
water bodies with characteristic toponyms indicating good or
bad water quality and flood incidents were identified. Their
quality status, as retrieved from the databases, was assessed
in comparison to their toponyms to validate potential link-
ages. Similarly, the recorded significant floods were spa-
tially associated with the water bodies with characteristic
toponyms to inspect any connections between the floods and
the toponyms. Apart from the correlation investigation, the
outputs on the water bodies with characteristic toponyms are
compared with the sum of the water bodies’ characteristics
and of the significant floods in Greece, which is the case
study area. The research outputs could be used as validation
proxies in the implementation of water resources manage-
ment frameworks at River Basin District scale.
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Methodology
Background information and utilized data sources

The characterization of the water quality in WFD imple-
mentation process is based on the outputs of a standardized
monitoring programme (EC 2003b) which feeds the two
"indicators", namely the ecological status and the chemical
status, that determine the surface water quality. Ecological
status is related to the ecosystems health and is expressed by:
(i) biological quality elements, such as phytoplankton, other
aquatic flora, macroalgae, angiosperms, macrophytes, phyto-
benthos, benthic invertebrate fauna and fish; (ii) hydromor-
phological elements, such as hydrological regime, river con-
tinuity conditions and morphological conditions; and (iii)
physico-chemical elements such as nutrient, oxygenation,
thermal, transparency, salinity conditions, acidification sta-
tus and river basin-specific pollutants (EEA 2018). To that
end, a water’s body overall ecological status classification
as high, good, moderate, poor, bad and unknown, is deter-
mined per each element, however, the element with the worst
status dominates the final characterization, i.e. the "one out,
all out" principle (Zacharias et al. 2020). The water bodies’
chemical status categorization as good or bad depends on the
concentrations of certain pollutants (45 in total), known as
priority substances, such as cadmium, mercury, lead, nickel
and their compounds, benzo(a)pyrene, etc. Hence, the attri-
bution of a water body with good chemical status means
that no concentrations of priority substances exceed specific
Environmental Quality Standards (EQS) established in the
EQS Directive 2008/105/EC (EC 2008, 2013).

The significant floods, i.e. floods responsible for either
human losses and/or flooded areas > 500 hectares and/or
financial compensations >?200.00 € (Hellenic 2019), have
an important role in the FD implementation process. They
are key elements for the designation of the APSFRs, i.e. the
areas where detailed hydrologic and hydraulic modelling is
conducted for the simulation of the flood hazard under vari-
ous return periods. Thus, large number of significant floods
events together with sparsely distribution of the events
within a river basin implies greater number of water bodies
that need to be simulated.

For the articulation of the research, data related to the
water bodies, such as their delineation, names, geographic
locations, chemical and ecological status, and to the sig-
nificant floods, such as the coordinates of occurrence, are
coming from EU databases that store the official data pro-
vided by the EU Member States. Regarding the WFD, the
spatial information of the water bodies at each Greek RBD
was retrieved from the WISE database (version 1.4), which
includes the outputs of 2nd cycle of RBMPs (https://www.
eea.europa.eu/data-and-maps/data/wise-wfd-spatial-3).

Information on the water bodies’ status of 2018, i.e. pres-
sures, ecological and chemical status, were obtained by the
corresponding WISE database (https://www.eea.europa.eu/
data-and-maps/data/wisewfd-4). Finally and regarding the
floods, digitized spatial data related to significant floods
were obtained from the European Environment Information
and Observation Network (EIONET) (https://cdr.eionet.
europa.eu/gr/eu/floods/) and further processed for the pur-
pose of the research.

Case study area

Greece is geographically located in the most southern
part of the Balkan Peninsula. In its north, and from east to
west, it borders with Turkey, Bulgaria, North Macedonia
and Albania, while the other parts of the country are sur-
rounded by the Mediterranean Sea, Fig. 1. The country’s
extent is 131,957 km? while its estimated population by
the Hellenic Statistical Authorityl in 2020 was 10,718,565
inhabitants. Greece has been a Member-State (MS) of the
EU since 1981, hence it has reformed its national legislation
according to the EU laws, Directives and other legislation
acts. Focusing on the EU environmental related policies and
derived obligations, the WFD and FD were initially ratified
as Greece’s official water laws in 2003 (Government Gazette
280 A/09.12.2003; Government Gazette 54/A/08.03.2007)
and 2010 (Government Gazette 1108/B/21.7.2010), respec-
tively, with continuous amendments to be added since then.
In terms of the WFD and FD implementation process pro-
gress, currently, Greece has conducted the first revision of
the River Basin Management Plans (RBMPs) (since 2017)
as well as the initial version of the Flood Risk Management
Plans (FRMPs) (since 2018), while the 2nd revision of these
strategic plans is scheduled to be finalized by the end of
2023.

According to data from the 1st revision of the RBMPs,
in the country there are 1317 designated river water bod-
ies (RWBs) distributed unevenly within its 14 River Basin
Districts (RBDs), Table 1. The larger RBD of 13,619 km? is
the RBD of Western Macedonia (EL09), while the smaller
one of 3,186 km? is the RBD of Attica (EL06). The RBD

! Hellenic Statistical Authority — Estimated Population (1.1.2020)
and Migration Flows (2019) https://www.statistics.gr/en/statistics?p_
p_id=documents_ WAR_publicationsportlet_ INSTANCE_qDQ8f
BKKo4IN&p_p_lifecycle=2&p_p_state=normal&p_p_mode=
view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-
2&p_p_col_count=4&p_p_col_pos=1&_documents_ WAR_publi
cationsportlet_INSTANCE_qDQ8fBKKo4IN_javax.faces.resource=
document&_documents_ WAR_publicationsportlet_ INSTANCE_
qDQ8fBKKo4IN_In=downloadResources&_documents_ WAR_publi
cationsportlet_INSTANCE_qDQ8fBKKo4IN_documentID=43364
7&_documents_ WAR_publicationsportlet_ INSTANCE_qDQS8f
BKKo4IN_locale=en
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of Thrace (EL12) hosts, in comparison to the other RBDs,
the larger number of RWBs, i.e. 177 RWBs, and at the same
time the specific RBD presents the higher RWBs’ density
(i.e. the RWBs’ total length divided by the extent of the cor-
responding RBD) of 15.36%. The lower number of RWBs, in
comparison to the other RBDs, i.e. 15 RWBs, as well as the
smaller RWBs’ density of 3.96%, is found in the RBD ELO06.

In terms of water quality characteristics and regarding
the chemical status of the RWBs at national level, 8§9.2%,
i.e. 1175 out of 1317 RWBs, have good chemical sta-
tus, 1.9%, i.e. 25 RWBs, have moderate chemical status,
while the chemical status of 8.9% RWBs, i.e. 117 RWBs,
is unknown. Focusing on the ecological status, 0.8% of
the RWBs, i.e. 11 out of 1317 RWBs, have high ecologi-
cal status, 62,4%, i.e. 822 out of 1317 RWBs, have good
ecological status, 22.7%, i.e. 299 RWBs, have moderate
ecological status, while 6.2% and 1.1% of the RWBs are
classified with poor and bad ecological status, respec-
tively. Finally, for 6.8% of the RWBs, i.e. 90 out of 1317
RWBs, the ecological status is unknown. The distribution
of the chemical and ecological status of the RWBs per
RBDs is depicted in Fig. 2.

Regarding the significant flood events, the available
data are separated in two time periods, Table 1. The first
period, which covers the historic floods of the twentieth
century and up to the year 2011, includes a very limited
number of significant floods, i.e. 297 floods, due to the
lack of an official recording instrument, and thus numer-
ous historic floods might not have been documented.
On the other hand, the second period from 2012 to 2018
coincides with the development of an official database
for floods’ recording and mapping, which is a deriva-
tive of the Floods Directive implementation process (EC
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2020). Hence, by 2012 and thereafter, all the floods
occurring within the Greek territory are recorded in
the national floods database by the water-related public
authorities, a method that guarantees the accuracy of the
recorded floods. During this second period the database
has recorded 1953 significant flood events. To avoid any
inconsistencies derived from the flood events mapping-
recording process over time, the conducted analysis in the
research is focused on the data of the period 2012-2018
where these data is recorded in a homogenous reliable
way. The distribution of the significant floods for the
period 20122018 are illustrated in Fig. 3, with the RBDs
of Western Peloponnese (ELO1), Northern Peloponnese
(EL02), Epirus (ELO0S5), and Thrace (EL12) being the ones
presenting more than 250 events during the specific time
period.

River water bodies with indicative toponyms

In the research, 134 water bodies, i.e. 10.2% of the national
RWBs, with characteristic toponyms, as indicated in Table 2,
were selected to be investigated in terms of chemical and
ecological status as well as significant flood occurrence
sources. In all cases, the Greek name of the RWB was the
forcing condition in order to assess the correlation of a
water body’s name with its water quality and with the floods
occurred within or close to it. For accuracy reasons Table 2
contains the original name of the RWB in Greek, its English
translation, and the justification for being selected. The 134
RWBs with characteristic toponyms are classified in 14 cat-
egories, since in many cases the names of the water bodies
were very similar, e.g. "Mavpdpeua" means Black stream,
while "Mavpordrauog" means Black river. Moreover, a
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Table 1 Characteristics of river water bodies (RWBs) and flood events in the River Basin Districts (RBDs) of Greece

RBDs RBD'sextent (km?)  No. of RWBs Average RWB's Total RWB's  Density (%)*  Significant flood Significant flood
length (km) length (km) events (until 2011)  events (2012-2018)
ELO1 7234 110 8.06 886.1 12.25 3 268
EL02 7396 62 10.82 671.2 9.08 7 258
ELO3 8442 80 7.09 567.6 6.72 4 113
EL04 10,496 96 10.94 1001.2 9.54 7 107
ELO5 9980 83 13.36 1095.9 10.98 15 253
EL06 3186 15 8.40 126.2 3.96 54 77
ELO07 12290 81 12.75 1033.0 8.41 40 33
ELO08 13141 72 19.27 1387.8 10.56 35 75
EL09 13619 150 10.37 1554.7 11.42 21 160
EL10 10164 104 10.81 1124.8 11.07 40 176
EL11 7320 84 9.96 837.1 11.44 17 25
EL12 11242 177 9.75 1726.5 15.36 18 296
EL13 8344 118 5.61 662.4 7.94 6 51
EL14 9141 85 5.73 487.5 533 30 61
SUM 131,995 1317 10.21%* 13,162.0 9.97 297 1953

“The density is defined as RWBs total length divided by the extent of the corresponding RBD; **the specific figure defines the average length of
the RWBs

EL13 i

m Good m Failing to achieve good w Unkown Poor mBad m Unknown

m High m Good m Moderate

Kilometers

(a)

Fig.2 Pie charts presentation of the Greek: (a) RWBs’ chemical sta-
tus with blue, orange, and grey colors representing "good", "failing
to achieve good", and "unknown" RWBs status, respectively; and (b)

preliminary linkage of the RWBs’ name with potential qual-
ity, i.e. WFD, of quantity (flood), i.e. FD, problems is given
in the last column of Table 2. However, within the research
all the 134 selected RWBs are investigated for their connec-
tion with both the WFD and FD implementation process
outputs.

(b)

RWBS’ ecological status with dark blue, blue, green, orange, red, and

non

grey colors attributing the "high", "good", "moderate", "poor", "bad",
and "unknown" status of the river water bodies, respectively

The selected 134 RWBs with characteristic toponyms
are located either in a single RBD or in multiple RBDs.
For example, the water bodies named as "Reversed river"
are found solely in the RBD of Crete (EL13) while those
named as "Black river" are within the ELO1, ELO7, ELO09,
EL10, EL11, and EL12 River Basin Districts. Synoptically,
5 RWBs belong to the RBD of Western Peloponnese (ELO1),
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Fig.3 a Colored classification of the significant floods per RBD with light yellow and dark orange polygons representing less than 50 and more
than 250 events, respectively, for the period 2012-2018, and b locations of the significant flood events occurrence during the period 2012-2018

1 RWB belong to the RBD of Northern Peloponnese (EL02),
3 RWBs are in the RBD of Eastern Peloponnese (EL03), 2
RWBEs are in the RBD of Western Central Greece (EL04), 1
RWB is in the RBD of Epirus (EL05), 9 RWBs belong to the
RBD of Eastern Central Greece (EL07), 5 RWBs belong to
the RBD of Thessaly (EL08), 18 RWBs are in the WBD of
Western Macedonia (EL09), 10 RWBs are found both in the
RBD of Central Macedonia (EL10) and the RBD of Eastern
Macedonia (EL11), 38 RWBs are in the RBD of Thrace
(EL12), 26 RWBs are in the RBD of Crete (EL13), 6 RWBs
are in the RBD of the Aegean Islands (EL14), while none
RWB with characteristic toponyms was found in the RBD
of Attica (EL06).

Results
RWBs classification

Within the 2nd cycle of the development of the RBMPs by
the EU’s Member-States, a new generic typology for Euro-
pean rivers is adopted for homogenization and compari-
son purposes. This new broad typology reflects the natural
variability in the most commonly used environmental type
descriptors, such as the altitude, geology, and size (Solheim
et al. 2019). Denoted as RW-XX, 21 different types have
been created, i.e. varying from RW-00 to RW-20. Apart from
RW-00 that corresponds to lack of data and RW-01 that indi-
cates very large rivers, all the other descriptors attribute the
characteristics of the river water body. In the research, the

@ Springer

river water bodies are identified and classified accordingly
to provide a clear overview of the water bodies’ typologies.
Based on the aforementioned typology classification,
0.61% of the Greek RWBs are not assigned to a specific cat-
egory and they belong to the category RW-00, 1.97% or 26
RWBs are attributed as very large rivers (RW-01), 10.63%
of the RWBS belong to the category RW-10 -Highland or
glacial, 32.12% (423 RWBs) are characterized as Mediter-
ranean, perennial, medium or large, i.e. category RW-10,
and 54.67% (720 RWBs) of the RWBs belong to the RW-12
type, i.e. they are Mediterranean, temporary or small water
bodies. As it is presented in the typology distribution per
RBD of Fig. 4, all the RWBs of the EL14, i.e. the RBD of
the Aegean Islands, are typical Mediterranean rivers with
ephemeral flow (RW-12), while the RWBs characterized
as very large rivers (RW-01) are those belonging in EL09,
EL10, EL11, EL12 River Basin Districts and form part of
the transboundary rivers of Greece (Skoulikaris 2021).
Focused on the selected RWBs with characteristic top-
onyms, 15 RWBs or 11.2% are categorized as "RW-10
— Highland or glacial", 27 RWBs or 20.1% are classified
as "RW-11 — Mediterranean, perennial, medium or large",
and 92 water bodies or 68.7%, are classified as "RW-12
— Mediterranean, temporary or small". These figures are in
compliance with the current literature demonstrating that
intermittent rivers and ephemeral streams are dominant in
the Mediterranean river networks (Stubbington et al. 2018).
Especially, the flow is perennial only in sections where chan-
nels intersect with aquifers while in cases that the channels
are hydraulically disconnected from aquifers the flow is
intermittent, but surface water is still present in form of iso-
lated pools (Camarasa-Belmonte 2016). On the other hand,
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Fig.5 Quality status of the RWBs with characteristic toponyms demonstrated in form of clustered bars for: a the chemical status of the RWBs,

and b the ecological status of the RWBs

the ephemeral rivers form dry stream beds during the dry-
period condition as the water disappears (Argyroudi et al.
2009). The fact that in the case study area 37 distinct RWBs
are named as "Dry rivers" clearly indicates the existence of
ephemeral rivers.

RWBs quality characteristics

The analysis of the quality characteristics of the selected
RWBs revealed that 92.5%, i.e. 124 out of 134 RWBs, have
good chemical status, 1 RWB fails to achieve good status,
while the chemical status of 9 RWBs, i.e. for 6.7% of the
RWBs, is unknown. Regarding the ecological status, 5 and

@ Springer

85 RWBs have high and good ecological status, respectively,
representing 3.7% and 63.4% of the selected RWBs, respec-
tively, while the ecological status of 31 RWBs or 23.1%
is moderate. The ecological status is poor and bad for 2
RWBS, respectively, while the status of 9 RWBS or 6.7% is
unknown. The distribution of the chemical and ecological
status per water body toponym class is depicted in Fig. 5a
and b, respectively.

All the water bodies whose toponym implies a good water
quality (see Table 2), such as the Great Erget’s river, Bees’
rivers, Devil’s rivers, and the Bears’ stream (26 water bodies
in total), are proved to have a good chemical status, Fig. Sa.
Moreover, 73% of these 26 water bodies have high or good
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ecological status, 12% have a moderate one while there are
only 2 water bodies who have poor or bad ecological status,
Fig. 5b. The rest water bodies with characteristic toponyms
whose name suggests a connection with the water quality
(89 in total), e.g. the Dry rivers, the Black rivers, the Muddy
rivers, the Arabs’ rivers, the Reversed rivers and the Salty
rivers, (see Table 2), also demonstrate an impressive good
chemical status with 82 out of 89 having a good chemical
status and 7 having an unknown one, Fig. 5a. In terms of
ecological status, 70% of these 89 water bodies have high
or good ecological status, 24% are classified with moderate
ecological status and only 2 water bodies have either poor
or bad ecological status, Fig. 5b.

Focusing on the ecological status as the one that presents
the larger variations, all the RWBs that are characterized
with high and good ecological status, i.e. 90 in total, and
in accordance to the type of pressures classification of the
WFD (EC 2003c), are not connected to mankind activi-
ties and are classified in the category "PO — No significant
anthropogenic pressure”. On the other hand, 10 RWBs are
classified within the category "P1 — Point sources", since
point sources pressures have been identified, 19 RWBs are
connected with the category "P2 — Diffuse sources" with
agricultural pressures to have been observed, 4 RWBS are
classified as "P3 — Abstraction" since pressures related to
abstractions for covering the irrigated demands on water
have been recorded. Moreover, 3 RWBs are linked with pres-
sures related to the hydrological alterations of the channel/
bed/riparian area/shore for public water supply or for flood
protection or for irrigation purposes and are categorized as
having "P4 — Hydromorphology" pressures. Finally, | RWB
is connected with pressures related with animal breeding and
belongs to the category "P5 — Introduced species and litter",
while for 7 RWBs the pressures are anthropogenic but not
defined, thus they belong to the category "P8 — Anthropo-
genic pressure — Unknown".

RWBs’ connection with floods

The cross-correlation between the selected RWBs and the
significant flood events at national scale for the period
2012-2018 was conducted with the use of spatial analysis
under geographic information system environment. Based
on a proximity criterion of selecting the floods that intersect
or/and are within a distance less than 200 m from the RWBs
with characteristic toponymes, it was found out that 102 sig-
nificant floods, i.e. 5.22% of the national significant floods,
were occurred within or in a close distance of these RWBs.
According to the floods impact classification of the FD (EC
2020), 49% of the floods (50 out of 102 events) are classified
as having economic impacts on properties, i.e. they belong
to the impacts’ category "B41 — Property", and 51% of the
events as having economic impacts on infrastructures, i.e.

they belong to the impacts’ category "B42 — Infrastructure".
At the same time, 36 significant floods apart from the eco-
nomic impacts they did also have impacts on the rural envi-
ronment, i.e. they also belong to the category "B43 — Rural
land use". What is worth mentioning, is that none of the 102
recorded significant floods within or close to the RWBs with
characteristic toponyms is linked to human fatalities during
the case study period.

Focusing on each RBD, 7 significant floods are related to
the RWBs with characteristic toponyms in the River Basin
District ELO1, 1 flood occurred in the selected RWBs of
the RBDs EL02, EL04 and EL11, respectively, 3 significant
floods took place in the RWBs with characteristic toponyms
of the RBDs ELO3, ELOS and EL14, respectively, 6 events
appeared in the RWBs of EL07, and 5 events are connected
with the RWBs of EL13. The most floods, i.e. 41 flood
events, occurred on the RWBs with characteristic toponyms
of the RBD EL12, followed by 19 and 12 floods occurred on
the RWBs of the RBDs EL09 and EL10, respectively. An
overall illustration of the significant flood events per RBD
together with the 134 RWBs with characteristic toponyms
is presented in Fig. 6.

In terms of the RWBs with characteristic toponyms that
imply flood prone areas (82 RWBs in total, see Table 2),
e.g. the Reversed river, the White rivers, the Speedy riv-
ers, the Muddy rivers, the Dry rivers, the Devil’s stream,
the Bull’s rivers and the Murder’s rivers, the data analysis
confirmed that 67 significant floods, i.e. ~66% of the floods
under investigation, are related with the specific RWBs.
Particularly, 34 significant floods occurred within or close
to the Dry rivers, 12 floods conducted in Devil’s steam, 10
significant floods were recorded within or close to the White
rivers, 4 significant floods were mapped within the Bulls and
Muddy rivers, respectively, 2 floods occurred in the Mur-
der’s river, 1 flood took place in the Speedy river, while no
significant flood has been recorded in the Reversed river. It
is worth mentioning that the rest 35 flood events took place
on the RWBs whose toponym is mainly related to the water
quality and not with floods. Especially, 32 significant flood
events have been recorded in the Black rivers during the time
period 2012-2018. For consistency purpose, and in order
to demonstrate the lack of thorough information before the
development and operation of the floods’ database in 2012,
the figures of the significant floods per RWBs with charac-
teristic toponym for the reference period as well as until the
year 2011 are given in Fig. 7.

Discussion
In the research, qualitative characteristics of the river water

bodies, such as their toponyms, are proposed as proxies for
the facilitation of the WFD and FD implementation process.

@ Springer
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Fig.6 Presentation of the significant floods and their spatial relation with the river water bodies with characteristic toponyms for all the RBDs of

Greece

Both Directives are driving forces to applied science, with
serious amount of dedicated researches on the various pro-
cesses included in the Directives to be presented in the lit-
erature. In particular, several proxy data-methods have been
used or suggested for the implementation of the Directives,
e.g. simplified ecotoxicological approaches for prioritization
of the most critical areas impacted by deactivated mines
(Vidal et al. 2012), or use of diatoms to assess the ecologi-
cal status of phytobenthos in lakes (Kelly et al. 2008), or
the replacement of the morphological identification used in
the ecological status assessment by procedures using eDNA

@ Springer

(Hering et al. 2018), or earth observation (EO) data from
Landsat 7 Enhanced Thematic Mapper Plus and Landsat 8
Operational Land Imager sensors for lake quality assessment
when ground truth data is limited (Markogianni et al. 2022)
or application of the "indicator of intense pluvial runoff"
geomatics method that allows mapping the susceptibility of
a territory to surface runoff (Braud et al. 2020) or use of den-
drogeomorphologically well-defined recorded flood events
for the calibration and validation of the hydraulic models for
the simulation of flood hazards (Ballesteros-Canovas et al.
2013). However, the use of river water bodies’ toponyms as a
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knowledge index of the rivers water quality and of the flood
prone areas investigated in the WFD and FD, respectively,
is rather limited and is considered the innovation of the cur-
rent research.

In terms of water bodies’ quality, it is demonstrated that
the 134 RWBs with characteristic toponyms have slightly
better chemical status in comparison to the RWBs’ status at a
Greek national level. Particularly, 92.5% of the RWBs under
investigation have good chemical status, while at national
level 89.2% of the RWBs are attributed with good chemi-
cal status. Focusing on the ecological status, almost half,
i.e. 5 out of 11, of the water bodies that are characterized
with high ecological status at national scale are among the
selected RWBs. Moreover, the ones with good ecological
status represent 63.4% of the RWBs with characteristic topo-
nyms instead of the 62.4% at national level. Similarly, the
status of 23.1% of the selected RWBs is moderate compared
to the 22.7% at a national level. Finally, the chemical status
is unknown only for 6.7% of the selected RWBs in compari-
son to the 8.9% at national level. It should be mentioned that
the identification of water bodies is primarily based on geo-
graphical and hydrological determinants (EC 2003a). Areas
of increased number of river confluences, due to the topogra-
phy characteristics, result on demarcating numerous distinct
water bodies’ boundaries and hence posing an augmented
administrative and technical burden for the water bodies’
monitoring. Bulgaria’s river basins neighboring Greece is a
characteristic example of the mismatch between increased
number of water bodies and monitoring capabilities, since
the chemical status of 75.3% of the Bulgarian water bodies is
unknown (Skoulikaris 2021). Consequently, the use of proxy
methodologies, such as the one proposed in the research,
could facilitate the monitoring priorities in areas where the
lack of monitoring stations is dominant.

Regarding the river water bodies whose toponym lecti-
cally suggests flood prone areas, i.e. 82 RWBs, the research
depicts that 67% of the significant floods under investiga-
tion during the period 2012-2018 are related to the spe-
cific RWBs. The fact that these 82 RWBs represent 61%
of the 134 RWBs with characteristic toponyms evaluated
in the research, establishes a solid connection in terms of
river toponyms and flood occurrence. Moreover, 81.7% (67
out of 82 RWBs) of the RWBs with toponyms that imply
floods are categorized as "RW-11 — Mediterranean, peren-
nial, medium or large" and "RW-12 — Mediterranean, tem-
porary or small" (see "RWBs classification" section, i.e. they
are typical fluvial systems of Mediterranean and semi-arid
zones having high risk of flash flooding mainly due to the
watershed small size, the intensity of precipitation and the
soil conditions (Kastridis et al. 2020; Schoener and Stone
2019; Llasat et al. 2010; Bracken et al. 2008). Even cur-
rently, these hydrographic systems are poorly understood
because of the technical difficulties in gauging ephemeral
stream channels and the low economic interest in these flu-
vial systems (Camarasa-Belmonte 2016). Hence, the pro-
posed water bodies’ toponym methodology concept can be
an auxiliary approach for selecting those flood "generator"
streams that need to be further investigated during the FD
implementation process.

At the same time, Hrdinka et al. (2012) suggested that
flood events might have significantly greater impact on the
water quality than drought events, mainly due to extreme
concentrations of suspended solids originating predomi-
nantly from vast alluvial washouts. Although several well-
defined water quality models exist and have been applied
to large hydrosystems, their applicability to small rivers
and especially to intermittent and ephemeral ones is doubt-
fully due to lack of monitoring data for models’ validation
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as well as the unique features of small rivers, such as swal-
low water depths or intense flow turbulence during storm
events, which largely differ from those of larger riparian
systems (Mannina and Viviani 2010). The WFD also does
not specifically differentiate its implementation processes
between perennial and intermittent or ephemeral streams
(Fritz et al. 2017). Research on the water quality of various
intermittent rivers in Greece, e.g. on the Vosvozis River in
the RBD EL12 (Boskidis et al. 2010) or the Evrotas River
in the RBD ELO03 (Karaouzas et al. 2018), show that the
pollution in these systems may be severe during drought
periods. On the contrary, the current research validates
that the water quality of the 134 RWBs with character-
istic toponyms, of which 119 RWBs are of RW-11 and
RW-12 types (~90.0%), is good, since more than 90%
and 85% of these water bodies have good chemical and
at least moderate ecological status, respectively; conse-
quently, hydronyms can offer increased information about
the quality status of streams/rivers that are missing moni-
toring infrastructure.

It should be noted that in case of non-stationary data,
such as those of flood peak flows, the recent literature (Hes-
arkazzazi et al. 2021) demonstrates that the non-stationarity
should be properly elaborated in the various simulation pro-
cesses. However, the research focuses only on the number
of monitored flood events of the period 2012-2018, thus the
stationarity or not of the data is not considered. The per year
analysis of the recorded significant floods demonstrated a
large variation between the recorded flood events, e.g. 312
floods in 2012 versus 177 floods of 2014 and versus the 235
floods of 2015. In general, a small increasing trend of the
significant floods is presented through the case study period
at national level. This increasing trend, nevertheless, is not
prevailing in each of the 14 Greek RBDs. A characteristic
example is the RBD of Northern Peloponnese (EL02), where
the 128 observed significant floods of 2012 are much higher
than the 10 floods of 2018. Moreover, although flood fre-
quency and intensity is expected to increase in forthcoming
years at global scale (Douvile et al. 2021), it should be taken
into consideration that developed countries, such as those of
the EU, are implementing flood protection and management
policies, e.g. the Floods Directive, where significant funds
are invested in flood protection measures and structures for
floods mitigation.

The 7-years reference time period, i.e. from 2012-2018,
is rather a limitation of the research, since longer time series
of flood events occurrences could establish more secure
outputs. Towards this direction, the updated version of the
floods database that will be launched at the finalization of
the 2nd cycle of the FRMPs in 2024 and will be populated
with flood events of a 13-years period (2012-2014), is con-
ceived as the future development of the current research.
In parallel, the investigation of the impacts of the human
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development on rural areas and the induced alteration on
land uses with the use of terrain toponyms combined with
the regional hydronyms is also proposed as an advanced
thematic for research and is planned to be applied soon.

To sum up, the EU Water Framework and Floods
Directives are fundamental instruments towards the water
resources and floods management, respectively, with the
water bodies designated as the kernel of the Directives’
implementation processes as well as the link between them.
Nevertheless, flow-dependent monitoring frameworks
should be further developed and implemented in the future
to verify the connection between floods and water quality
(St-Hilaire et al. 2016). In the Mediterranean countries,
which few of them are in EU, and where intermittent rivers
and ephemeral streams prevail, solutions for the monitoring
and mapping the spatio-temporal variability of flow regimes
and their influence on the waters’ bio-physical variables is
necessitated (Borg Galea et al. 2019). The research indicates
that the water bodies’ toponyms can offer empirical knowl-
edge both on their quality status and the floods occurrence,
therefore providing background information for further
investigation in areas with negligible observation data. In
large ungauged areas, for example, the selection of the water
bodies (or streams) where monitoring stations should be
installed, or the selection of those water bodies (or streams)
that need to be hydraulically simulated can be facilitated
by the use of the proposed methodology. Concluding, the
research is applied at an EU Member-State, however in can
be easily transferred at any other country where inventories
of historic floods are available.

Conclusions

The importance of the paper derives from its conceptual
approach to investigate the way that proxy data, i.e. the
names of the water bodies, can facilitate the Water Frame-
work and Flood Directives implementation process. The
research highlights that the background knowledge hidden
within the hydronyms of the water bodies is a neglected asset
which in most cases depicts the quality of the waters and/or
the susceptibility of the water bodies in flood events.

At water bodies quality level, which is attributed as a
combination of their chemical and ecological status, the
water bodies with toponyms that imply good quality status
is proved to indeed have good chemical status (100% of the
specific RWBs) and 85% of them to have at least moder-
ate ecological status. Moreover, the RWBs whose toponym
indicate an ambiguous connection with the water quality
in terms of their good or bad status, e.g. the Dry rivers, are
shown to also have good chemical (>92% of the specific
RWBs) and ecological (>70% of the RWBs) status. In terms
of RWBs whose toponyms suggest flood prone areas, it is
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revealed that~66% of the significant floods under inves-
tigation during the period 20122018 are related with the
specific RWBs. Finally, the RWBs with characteristic topo-
nyms proved to largely be intermittent and ephemeral water
bodies, i.e. water segments that cannot be easily monitored
and thus accurately simulated. The latter together with the
fact that in many EU Member States there is an important
percentage of water bodies with unknown quality status
renders the proposed methodological concept an important
roadmap for the preliminary assessment of the water qual-
ity and induced floods of water bodies with characteristic
toponyms.
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