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a b s t r a c t
Two of the major problems related to water, are scarcity and flooding. Climate change is expected 
to increase the frequency and intensity of both phenomena. The Black Sea region is of special inter-
est to water resources because it is a closed basin with European Union and non-European Union 
countries. The sustainable management of the water resources requires the collaboration of all the 
countries of the Basin. In this study, the views of water management experts in the Black Sea region 
of six countries in regard to water scarcity, flooding, climate change impacts, and their interactions 
were collected and analyzed with an online web questionnaire. The participants of the question-
naire were from: Greece, Moldova, Romania, Turkey, and Ukraine. The results of such a question-
naire are important because experts and stakeholders views will help implement socially acceptable 
water management plans. Based on the participants answers water scarcity was considered a serious 
problem in four of the countries. In contrast, all countries considered flooding a serious problem. 
Most participants considered that these problems will increase in the future and that measures need 
to be taken. These suggested measures included better water and forest management, improving 
equipment and infrastructure, utilizing new technologies and enhancing awareness.

Keywords: �Awareness; Climate change; Forest management; New technologies; Sustainability; 
Water management; Water scarcity

1. Introduction

The availability of freshwater resources is essential for 
the development and welfare of regions, countries, and 
communities. Freshwater resources are already under pres-
sure that will continue to grow due to demographic trends, 
economic development, land-use, and lifestyle changes [1]. 
Integrated water resources management (IWRM) approaches 
that take into consideration economic, ecological, and 
social aspects, are necessary for their sustainability [2].  

In such approaches, stakeholders and experts’ involvement 
is necessary for the implementation of socially acceptable 
and sustainable management plans [3]. Several studies have 
found that the inclusion of stakeholders can significantly 
improve the effectiveness of IWRM plans [4–6] and should 
be mandatory in all such approaches.

Readily available freshwater resources are limited 
and unequally distributed, spatially, and temporally [7]. 
Agriculture is currently consuming the largest share of 
water in most regions worldwide [8] but as the world’s 
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population continues to grow the demands from other sec-
tors (urban and industrial needs) are adding more pressures 
[9]. Urban, industrial, and agricultural activities are also 
reducing the quality of the freshwater resources [8]. Climate 
change models forecast that the frequency and magni-
tude of droughts and floods will increase that will further 
compound the pressures on freshwater resources [10].

The great diversity of water resource stakeholders, with 
in many cases conflicting views on water management, 
further complicates decision making. This is why experts 
and stakeholders’ involvement is necessary for sustainable 
solutions. Europe has the most transboundary basins of all 
continents. To achieve the effective management of trans-
boundary basins, it is essential to have proper communi-
cation and collaborative agreements on the use of waters 
among the sharing countries [11]. Therefore, the European 
Union developed the Water Framework Directive (WFD) to 
develop IWRM plans based on ecosystem-based and river 
basin management principles [12].

The freshwater resources of the Black Sea region are 
of special interest, because it’s running water bodies end 
in a closed sea. The EU considers that the Black Sea region 
includes parts of Greece, Bulgaria, Romania, Ukraine, 
Russia, and Turkey and the entire countries of Moldova, 
Georgia, Armenia, and Azerbaijan [13]. The Black Sea 
Commission’s has provided the legal framework through 
the “Strategic Action Plan for the Environmental Protection 
and Rehabilitation of the Black Sea” (2009) that recommends 
riparian countries of the region should work together to 
prevent, reduce, and control pollution [13]. Still, water prob-
lems exist in the region [14]. Another intriguing aspect of 
the region is that only some of its countries are EU mem-
bers. This mean that aligning a legal framework, developing 
common policies and strategies, and harmonizing standards 
and methods is complicated and difficult. Improving the 
understanding of the policies and enhancing communica-
tion among the water managers, policy-makers, and societies 
across the neighboring countries should be prioritized [13].

Agriculture within the Black Sea Basin is fundamental 
for several national economies [15]. A decline in irrigated 
areas has been observed in Eastern Europe but the major-
ity of water is still utilized by agriculture [15]. Climate 
change, will further increase water demand for irrigation 
purposes and the competition with the other water sectors 
[16]. Finally, the Black Sea region has high biodiversity and 
this competition for freshwater could negatively impact 
the ecosystem’s integrity [15].

This study examines the views and opinions of water 
management experts in the six countries of the Black 
Sea region in regard to water scarcity, flooding, climate 
change impacts, and their interactions. The new emerg-
ing conditions due to climate change make it a priority to 
understand if the authorities, organizations, and agencies 
responsible for water resources are prepared for the new 
socio-economic and climate change implications. To imple-
ment adaptable innovative strategies that align competing 
interests in water-related issues experts and stakeholders’ 
opinions need to be incorporated [17]. This is the first study, 
to our knowledge, to focus on the water scarcity, flooding, 
and climate change of the Black Sea region with partici-
pants from so many different countries (Armenia, Greece, 

Moldova, Romania, Turkey, and Ukraine). The participants’ 
answers enhanced the region and each participating coun-
try understanding on: (a) water scarcity, (b) flooding, 
(c) climate change impacts, (d) the preparedness of the 
responsible organization and agencies to face current and 
future water problems, and (e) water management changes 
required to face water scarcity and flooding.

2. Methodology

2.1. Selection of participants

The selected participants were experts from water 
agencies and organizations or stakeholders that were inter-
ested in water management. Specifically, invitations were 
sent to water managing authorities, forest services, munic-
ipalities, regional authorities, ministries, fire departments, 
management bodies, non-governmental agencies, private 
companies to select, and recommend their experts that deal 
with water management that could participate. They orig-
inated from six Black Sea countries; specifically, Armenia, 
Greece, Moldova, Romania, Turkey, and Ukraine that 
were willing to participate (Fig. 1). The questionnaire was 
part of the EU funded Black Sea project with the acronym 
“Streams-2-SUPPRESS-Fires”. The project had partners 
only from these six countries and this was the reason we 
focused on participants from these countries. Having part-
ners allowed easy access and a greater willingness of par-
ticipation from the suitable and necessary water experts 
from these countries. While these countries are in the same 
region they differ in geographical and environmental 
aspects and water availability and vulnerability (Table 1).

2.2. Web-based questionnaire

This study utilized an online web-based questionnaire 
and obtained reliable and valid data by [18,19]: (a) com-
pleting and contacting a list of experts with the appropriate 
background in every country. These lists were compiled by 
the partner of the Black Sea project “Streams-2-SUPPRESS-
Fires” from each country. (b) These experts were asked to 
suggest other appropriate participants for the study. This 
“snowball” referral sampling process provides the most 
representative results when the personal experience of par-
ticipants is crucial [20]. (c) Once the lists were completed, 
an email invitation was sent to all potential participants. 
(d) Participation in the questionnaire required registration 
on the questionnaire website. (e) All registered participants 
were sent a second email, on which the “send the receipt to 
the sender” option had been enabled. Only questionnaires 
with a sender receipt were considered for further analysis.

The first draft of the questionnaire was based on the 
literature and discussions with water managers, experts, 
and academics from the surveyed countries. Afterward, 
the questionnaire was pre-tested with four experts from 
each country and modified based on their comments to 
alleviate the biased, misleading, or confusing questions. 
The final questionnaire consisted of four parts (Table 2). 
In its first part, the participants provided profile informa-
tion such as their nationality, gender age, and work experi-
ence (total of five questions). We decided not to ask where 
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they work hoping to get more truthful answers about the 
current conditions on water management. The second part, 
with eight questions, focused on the participants’ opin-
ions on (i) water scarcity, (ii) flooding in their countries, 
and (iii) the interconnections between water scarcity and 

flooding. The third part (total of four questions) investi-
gated the perspectives on the potential impacts of climate 
change in the future, on water scarcity and flooding. The 
questions of the second and third parts were of the closed, 
binomial (yes/no) type because of the language barriers of 

Fig. 1. Survey participants were from six countries (in dark grey) of the Black Sea region.

Table 1
General and water resources characteristics of the countries of the survey participants

Characteristic Armenia Greece Moldova Romania Turkey Ukraine

Population (2017), milliona 3.04 10.74 3.42 21.52 80.85 44.03
Area land (2018), km2a 28.203 130.647 32.891 229.891 769.632 579.330
Area of water (2018), km2a 1.540 1.310 960 8.500 13.930 24.220
Population density (2017), # people/km2a 102.38 81.61 102.63 90.31 103.18 72.96
GDP (2017), billion $a 27.21 299.5 20.07 474 2.133 366.4
Precipitation, mma 562 652 450 637 593 565
Freshwater withdrawals total (km3/y) 

(domestic/industrial/agricultural %)a

2.9 (40/6/54) 9.5 (9/2/89) 1.07 (14/83/4) 6.9 (22/61/17) 40.1 (14/10/76) 19.24 (24/69/7)

Freshwater withdrawals 
per capita (m3/y)a

929.7 841.4 290.0 320.8 572.9 415.7

Total renewable water resources, km3a 7.8 74.3 11.7 211.9 211.6 139.6
Agricultural land, %a 59.7 63.4 74.9 60.7 49.7 71.2
Arable land, %a 15.8 19.7 55.1 39.1 26.7 56.1
Irrigated land (2014), % of 

total agricultural landa

9.23 (2015) 16.61 9.25 (2010) 1.05 13.52 0.75

Forested area, %a 9.1 30.5 11.9 28.7 15.2 16.8
Large lakes, # and area (km2)b 4 and 1,224 15 and 677 3 and NA 4 and ~247 16 and 8,302 7 and ~247
Large rivers, # and length (km)b 15 and 1,562 9 and 1,509 8 and ~909 8 and 2,993 12 and 7,449 7 and ~8,231
Major floods, #c – 16 5 6 20 2

ahttps://www.cia.gov/library/publications/the-world-factbook/geos/xx.html; bhttp://sdwebx.worldbank.org; chttp://floodlist.com



121G.N. Zaimes, C. Kiosses / Desalination and Water Treatment 216 (2021) 118–128

the participants. The fourth part had two questions were 
the participants were asked to describe activities that 
they considered important to mitigate water scarcity and 
flooding, respectively (open ended, short answer).

The same questionnaire was distributed in all participat-
ing countries although in some of the countries (Armenia, 
Moldova, Romania, and Ukraine), where the comprehen-
sion of English was limited, the questionnaire was translated 
in the native language to increase participation.

2.3. Statistical analysis

The data were analyzed with the software IBM SPSS 
Statistics 21.0. The maximum likelihood χ2 test (p  ≤  0.05) 
was used to find statistically significant differences. In 
addition, the answers of the open-ended questions were 
encoded and, when possible, grouped into different cate-
gories to facilitate the statistical analysis. Categorical prin-
cipal components analysis (CATPCA) was also used in 
order to identify consistencies between categories of vari-
ables based on the study participants’ responses. CATPCA 
is a generalization of principal components analysis (PCA) 
which reduces the variables in a dataset to a small number 
of principal components that represents the information in 
the variables as closely as possible [20]. This optimal quan-
tification of the categorical modalities of each variable can 
be obtained through an iterative alternating least squares 

(ALS) [21]. The ability of CATPCA to handle variables of 
different analysis levels (nominal, ordinal, and numerical) 
simultaneously and to deal with nonlinear relationships 
between variables has resulted in its use as an exploratory 
technique in many empirical surveys [22,23].

3. Results

A total of 248 questionnaires were completed online, with 
participants from all six countries (Table 3). Approximately 
750 invitations were sent to all countries. Armenia had 
the lowest number of participants and Romania the most. 
Most participants were male (77.4%) and in the 26–45 age 
group (Table 3).

3.1. Water scarcity

The slight majority of all survey participants regarded 
water scarcity as a serious problem for their country (Table 4). 
However, an analysis by country revealed a different situa-
tion (χ2 statistic = 63.386, df = 5, and p < 0.0001). In Armenia, 
Greece, Moldova, and Turkey there is a very high percentage 
that considers water scarcity as a serious problem (>58%). 
This percentage was the greatest in Moldova and Armenia. 
In Romania, water scarcity was considered a less severe 
problem (~40.0%). Finally, in Ukraine, most participants 
stated that they do not face water scarcity problems (2.1%).

Table 2
Questions that were asked to the participants of the online questionnaire

PART ONE

Which country are you from?
What is your gender?
What is your age?
Do you have experience in water management?
If yes in previous question, for how many years?

PART TWO

Is a water scarcity serious problem in your country?
Are floods a serious problem in your country?
Do the governmental agencies have enough personnel to face water scarcity?
Are the governmental agencies well equipped to face water scarcity?
Do the governmental agencies utilize new technologies to face water scarcity?
Do the governmental agencies have enough personnel to face floods?
Are the governmental agencies well equipped to face floods?
Do the governmental agencies utilize new technologies to face floods? 
Is there an interconnection between water scarcity and floods?

PART THREE

Will climate change impact water scarcity in your country?
Do you expect water scarcity to increase in the future in your country?
Will climate change impact floods in your country?
Do you expect floods to increase in the future in your country?

PART FOUR
What do you believe is the most important management measure for water scarcity that should be implemented?
What do you believe is the most important management measure for floods that should be implemented?
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In all countries except Turkey, participants satisfaction 
in regard to the existing personnel was higher compared 
to the satisfaction for the equipment used and the imple-
mentation of information and communication technologies 
(ICT) (Table 5). Even for personnel (χ2 statistic  =  55.179, 
df  =  5, and p  <  0.0001), the survey participants in most 
countries stated that the number of personnel were inad-
equate (<50%) except in Romania (58.2%) and Ukraine 
(85.4%). Characteristic is the case of Ukraine, where the 
current personnel and equipment (χ2 statistic  =  53.059, 
df = 5, and p < 0.0001), are considered to be at a very high 
level, whereas the use of ICT was practically consid-
ered non-existent. In respect to ICT (χ2 statistic  =  98.945, 
df  =  5, and p  <  0.0001), only in Turkey the participants 
answered that they were adequately used.

Participants in most countries stated that water scar-
city will increase in the future (χ2 statistic  =  98.945, df  =  5, 
p  <  0.0001; Table 6). The percentage in all countries except 
in Ukraine was greater than 80%, indicating that water 
scarcity is really expected to worsen. In most countries, cli-
mate change was recognized to also impact water scarcity 
(>85%) (χ2 statistic = 101.383, df = 5, and p < 0.0001). Only in 
Ukraine most participants stated that climate change will not 
impact water scarcity where it was not considered a serious 
problem.

3.2. Water flooding

The majority (73.7%) of all participants regarded water 
flooding as a serious problem for their country (Table 4) 
(χ2 statistic = 13,198, df = 5, and p  < 0.022). Romanian and 
Ukrainian respondents (>85%) considered flooding a very 
severe problem. The current personnel and equipment 
do not seem to be able to fulfill the needs (<50%) for the 

effective management of the flooding in all countries 
except in Ukraine (Table 5). This satisfaction percentage 
was less than 30% in regard to the personnel in Armenia 
and Greece (χ2 statistic  =  52.183, df  =  5, and p  <  0.0001) 
and in regard to the equipment in Armenia, Greece, and 
Moldova (χ2 statistic  =  35.678, df  =  5, and p  <  0.0001). The 
greatest need in the region appears to be the implemen-
tation and use of ICT (most countries  <  41%) (χ2 statis-
tic = 56.807, df = 5, and p < 0.022). This was not the case in 
Turkey, where the rate was the highest (60.4%).

The participants opinions differed on water flood-
ing increasing in the future, (χ2 statistic  =  62.038, df  =  5, 
and p  <  0.0001; Table 6). In Greece, Romania, and Turkey 
the majority of the participants stated the floods would 
increase (>70%) while in Ukraine most participants (81.2%) 
did not believe floods would increase in the future. The 

Table 3
Socio-demographic characteristics of the survey participants

Country Armenia Greece Moldova Romania Turkey Ukraine

Percentage 5.6 18.5 14.9 22.2 19.4 19.4
Age group 18–25 26–35 36–45 46–55 56–65 >65
Percentage 5.6 31.9 39.9 16.9 5.2 0.0

Table 4
Percentage of survey participants that considered water scarcity 
or water floods as a serious problem in their country and if there 
is an interconnection among water scarcity and floods

Country Water 
scarcity 
(%)

Water 
floods 
(%)

Interconnection between 
water scarcity and floods 
(%)

Armenia 71.4 57.1 78.6
Greece 58.7 67.4 63.0
Moldova 78.4 70.3 37.8
Romania 40.0 89.1 63.6
Turkey 62.5 72.9 89.6
Ukraine 2.1 85.4 –
All participants 52.2 73.7 66.5

Table 5
Satisfaction of the survey participants for the current number of personnel, equipment, and implementation of information and com-
munication technologies (ICT) in regard to the management of water scarcity or flooding in the countries under investigation

Armenia Greece Moldova Romania Turkey Ukraine All participants

Management of water scarcity

Personnel (%) 42.9 15.2 27.0 58.2 43.8 85.4 47.2
Equipment (%) 0.0 2.2 10.8 32.7 31.3 60.4 27.0
ICT (%) 0.0 6.5 24.3 32.7 62.5 4.2 25.0

Management of flooding

Personnel (%) 14.3 26.1 32.4 47.3 45.8 89.6 47.2
Equipment (%) 7.1 21.7 10.8 32.7 43.8 62.5 33.9
ICT (%) 0.0 6.5 40.5 30.9 60.4 6.3 27.0
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role of climate change enhancing flooding was considered 
important in five of the countries (>81%) except Ukraine 
(<15%) (χ2 statistic = 127.321, df = 5, and p < 0.0001; Table 6).

3.3. Interactions between water scarcity and flooding

Most participants’ (66.5%) (χ2 statistic  =  98.316, df  =  5, 
and p  <  0.0001) stated that water scarcity and flooding are 
interconnected (Table 4). Participants from Armenia and 
Turkey had the greatest awareness of this interconnection 
(>78%). No Ukrainian participants answered this question.

3.4. Categorical principal components analysis

Ten variables were used for the CATPCA that were: age 
group (ordinal, 1–5), country of origin (nominal, 1–6), gen-
der (nominal, 1–2), water scarcity as serious problem (nom-
inal, 1–2), floods as serious problem (nominal, 1–2), climate 
change impacting water scarcity (nominal, 1–2), climate 
change impacting floods (nominal, 1–2), the interconnec-
tion between water scarcity and water floods (nominal, 1–2), 
water scarcity index (numeric, 0–4), and waterflood index 
(numeric, 0–4). The convergence criterion value of 0.00001 
was met after 13 iterations. The two-dimensional solution 

resulted in eigenvalues of λ1 = 3.634 and λ2 = 1.489 for the first 
(PC1) and second principal component (PC2), respectively. 
Each of these eigenvalues exceeded the acceptance value of 
1 [23]. This fact and because 89.4% of the total variance were 
explained in relation to PC1 and PC2, respectively, suggested 
the use of a two-dimensional analysis for this dataset is proper.

The values of the variable loadings for the two prin-
cipal components are described in Table 7. The variables 
“country of origin” and “climate change impacting both 
water scarcity and flooding”, presented very high positive 
loadings in relation to PC1 and formed a group that could 
be interpreted as local conditions. Similarly, the variables 
“are floods a serious problem in your country?” and “water 
scarcity index” formed a second group due to their high 
positive loadings in relation to PC2 that could also be inter-
preted as local conditions. “Age group” and “gender” had 
the most negative loading in relation to PC2 that could be 
interpreted as participant characteristics. The CATPCA pro-
vides scores to the variables, and a dispersion diagram was 
created (Fig. 2). The coordinates for the variables were along 
each dimension. With regard to the first dimension, there 
was consistency (variable values above 0.5 or below –0.5 in 
both dimensions) between the following: “age group: 18–25 
and 25–36”, “gender: female” and “Are floods a serious 

Table 6
Percentage of survey participants that considered that water scarcity or water floods will increase in the future in their countries and 
climate change will impact them

Country Increase in water 
scarcity (%)

Increase in water 
floods (%)

Climate change impacts 
on water scarcity (%)

Climate change impacts 
on water floods (%)

Armenia 92.9 50.0 100.0 85.7
Greece 84.8 82.6 87.0 81.8
Moldova 81.1 43.2 91.9 97.3
Romania 81.8 81.8 86.5 85.2
Turkey 89.6 70.8 93.8 91.7
Ukraine 14.6 18.8 22.9 8.3
All participants 71.4 60.1 77.1 72.7

Table 7
Component loadings of the variables used in the categorical principal components’ analysis

Component loadings

Variable Dimension

1 2

Country of origin 0.850 –0.265
Gender 0.268 –0.446
Age group 0.041 –0.575
Is water scarcity a serious problem in your country? 0.617 0.011
Will climate change impact water scarcity in your country? 0.798 –0.068
Are floods a serious problem in your country? 0.087 0.574
Will climate change impact floods in your country? 0.794 –0.042
Is there an interconnection between water scarcity and floods? 0.641 –0.278
Water scarcity index 0.680 0.379
Water floods index 0.556 0.576
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problem in your country?: No” (Group 1). Group 2 con-
sisted of the variables “Is water scarcity a serious problem 
in your country?: No”, “Is there an interconnection between 
water scarcity and floods?: No”, “Will climate change 
impact water scarcity in your country?: No”, and “Will cli-
mate change impact floods in your country?: No”. Finally, 
the variables “Country of origin: Armenia and Turkey”, “Is 
there an interconnection between water scarcity and floods?: 
Yes”, “Is water scarcity a serious problem in your country?: 
Yes,” “Will climate change impact floods in your country?: 
Yes” and “Water Scarcity Index: 0”, formed Group 3.

3.5. Mitigation measures

Different mitigation measures were suggested by the 
survey participants (Table 8). Improvements in infrastruc-
tures came first for both water scarcity and flooding. Better 
water management was also tied for first to mitigate water 
scarcity. To enhance flooding mitigation, the second most 
recommended measure was better forest management.

In Greece, Turkey, and Ukraine, the participants stated 
that changes in water management were the most import-
ant measure to mitigate water scarcity (Table 8). In Moldova 
and Romania, the most important measure to mitigate 
water scarcity was to improve the current infrastructures 
while the second most important were changes in water 
management. Finally, in Armenia, more preventive mea-
sures were the most important, followed by improvements 

in the infrastructure and water management. In Greece 
and Turkey, increased public awareness, and in Greece 
and Moldova, forest management was also important 
measure. Finally, Romanian participants stated the use 
of new technologies would really enhance water scarcity 
mitigation.

Forest management was the most important measure 
to mitigate flooding in Greece, Turkey, and Ukraine and 
the second most important in Armenia, Moldova, and 
Romania. In Armenia, Moldova, and Romania participants 
recommended improvements in the current infrastructure 
as the most important, that was the second most import-
ant measure in Greece and Turkey. Water management 
was also considered important to help mitigate flooding 
in Armenia and Romania. Improving prevention mea-
sures (Greece), legislative changes (Turkey), incorporat-
ing new technologies (Turkey), and better monitoring 
(Moldova) were other mitigation measures suggested.

4. Discussion

All southern Black Sea countries (Armenia, Greece, 
and Turkey) that have dry summers, considered water 
scarcity a serious problem. The CATPCA (Group 4) also 
indicated that Armenia and Turkey were more aware 
that water scarcity is a serious problem that the other 
countries. Moldavian participants had the highest per-
centage, regarding water scarcity as a serious problem, 

Fig. 2. Joint plot of the variable categories used in the categorical principal components analysis (CATPCA).
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corresponding well to having the lowest annual precipita-
tion of all participating countries (Table 1). All participating 
countries had more than 49% of their land in agriculture 
(Table 1). The three southern countries had agriculture as 
the main freshwater use while for the other three it was 
industry (Table 1). The countries that considered water 
scarcity a serious problem had more than 9% of their agri-
cultural land irrigated (Table 1). Other studies have indi-
cated that the countries of the Black Sea region due to 
socio-economic changes and development, and with econ-
omies dependent on tourism or being agrarian will face 
water scarcity problems [24–27]. Finally, the group of par-
ticipants (Group 3 of CATPCA) that stated that water scar-
city was a serious problem in their country, also expected 
future water scarcity problems (water scarcity index), 
climate change impacts on flooding, and were highly 
aware of the interconnection between water scarcity and  
flooding.

All country participants (except Turkey) had a sub-
stantially higher satisfaction for the existing personnel 
in mitigating water scarcity, compared to the equipment 
and ICT used. The implementation of ICT for water scar-
city in most countries is minimal (satisfaction  <  41%). In 

Armenia (0%) and Greece (<7%) major efforts should be 
made to improve the equipment and increase the utiliza-
tion of ICT to mitigate water scarcity. The use of models can 
help cost-effectively plan the mitigation of water scarcity 
problems [26,28].

The participants’ answers from Armenia, Greece, 
Turkey, and Romania that water scarcity will increase in 
the future (Table 5) corresponded well with the results of 
Luo et al. [29] study. In the Luo et al. [29] study, the first 
3 countries in 2040 are expected to have extremely high 
risk of water stress while Romania to have a low risk [29]. 
Surprisingly, Ukraine was considered high risk although 
the participants of our study considered that water scar-
city would not increase while Moldavian participants 
with the highest percentage in water scarcity increase had 
a medium to high risk in 2040 [29]. This increased water 
scarcity in the future is partially because of climate change 
impacts [30]. More frequent and intense summer droughts 
across Europe, especially in southern Europe have been 
projected [31,32]. The impeding impacts by climate change 
were recognized by the participants of all countries 
except Ukraine. More awareness on future water scarcity 
and climate change impacts is a necessity for Ukraine.

Table 8
Top three per country and top five for the Black Sea region, participants’ suggestions on measures aimed to mitigate water scarcity 
and floods

Country Measures aimed to mitigate 
water scarcity

Frequency  
(%) 

Measures aimed to mitigate 
water flooding

Frequency 

Armenia
Prevention 25.0 Improve infrastructures 29.0
Improve infrastructures 25.0 Forest management 29.0
Water management 21.0 Water management 24.0

Greece

Water management 26.0 Forest management 21.0
Education of public 18.0 Improve infrastructures 18.0
Forest management 13.0 Prevention 16.0
Prevention 13.0
Improve infrastructures 13.0

Moldova
Improve infrastructures 33.0 Improve infrastructures 35.0
Water management 22.0 Forest management 13.0
Forest management 14.0 Better monitoring 13.0

Romania

Improve infrastructures 28.0 Improve infrastructures 35.0
Water management 18.0 Forest management 13.0
Prevention 15.0 Water management 13.0
New technologies 15.0

Turkey

Water management 29.0 Forest management 28.0
Education of public 20.0 Improve infrastructures 21.0
Prevention 20.0 New technologies 14.0

Legislation 14.0

Ukraine
Water management 50.0 Forest management 100.0
Other 50.0

Black Sea Area

Improve infrastructures 23.0 Improve infrastructures 29.0
Water management 23.0 Forest management 19.0
Prevention 15.0 Water management 11.0
Forest management 12.0 Prevention 8.0
Education of public 12.0 New technologies 7.0
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Participants for all countries stated that floods are a 
serious problem. Flooding impacts have more immediate, 
evident, and devastating negative impacts than water scar-
city. The age groups of 18–25 and 26–35, along with females 
(Group 1 of CATPCA) were less aware of flooding being 
a serious problem indicating awareness activities should 
target the younger generation and especially females. 
The countries with the highest percentage stating that 
flooding is a serious problem were Romania and Ukraine 
that considered water scarcity a small or not a problem at 
all, respectively. In all countries, other studies have found 
floods as a serious problem and that mitigation measures 
need to be taken [26,33–37]. 

In all countries except Ukraine, a percentage lower than 
50% on the satisfaction with the current personnel indi-
cated that more should be hired for flood management. 
In Greece, 64.8% of the stakeholders surveyed in another 
study had low trust in the responsible authorities for 
flood protection [38]. Turkey was the only country where 
the implementation of ICT for flood mitigation was con-
sidered adequate (~60%). In the rest of the countries the 
percentage was less than 50%, while in Armenia, Greece, 
and Ukraine it was less than 7%. The use of ICT such as, 
indices, GIS, and satellite images and their adoption by 
the responsible agencies of the region could help improve 
flood mitigation substantially [26,39]. Finally, in all coun-
tries except Ukraine, the satisfaction stated by the partic-
ipants for the equipment used was less than 41% indicat-
ing the need for new or servicing the current equipment. 
Such equipment for the region could include GPS-equipped 
mobile phones and mobile flood barriers [40].

Floods in Europe have been increasing and are 
expected to continue increasing in the future in magnitude 
and frequency because of climate change [41,42]. Stahl et 
al. [43] observed increases in runoff and decreases in low 
summer flows in hundreds of near-natural catchments in 
Europe. Most participants in five of the countries of this 
study and especially those from Armenia and Turkey 
(Group 3 of CATPCA) expected similar trends in the 
future. Only the participants from Ukraine stated that they 
do not expect increases of flooding in the future because 
of climate change. Despite the recognition by most of 
the climate change impacting flooding, few countries in 
Europe have developed flood mitigation guidelines that 
incorporate climate change [44].

Participants from Turkey and Armenia were highly 
aware of the interconnection (Group 3 of CATPCA) between 
water flooding and scarcity [45]. The awareness from par-
ticipants from Moldova was low while Ukrainian partic-
ipants did not answer this question. In addition, partici-
pants aware of the interconnection also stated water scar-
city is a serious problem (water scarcity index) and that 
climate change will impact flooding (Group 3 of CATPCA). 
In contrast, participants not aware of the interconnection 
stated that climate change would not impact water scarcity 
and flooding (Group 2 of CATPCA).

Changes in water and forest management to miti-
gate water scarcity and flooding were the main sugges-
tions (Table 3). The reason for forest management being 
so high for flood mitigation is because basins with high 
percentages of forested areas have high infiltration and 

evapotranspiration rates that reduce significantly surface 
runoff and erosion but also reinforced aquifer recharge 
[46]. In addition, with the re-establishment of riparian for-
ested areas, surface runoff is reduced from reaching the 
stream channel, stream bank erosion is reduced, and aqui-
fer recharge is increased [47,48]. Both management practices 
(reforestation of the basin and riparian areas) can help signifi-
cantly reduce flood frequency and magnitude and increase 
groundwater levels. Overall, the implementation of nature-
based solutions should be prioritized because they can sus-
tainably mitigate flooding and water scarcity [49]. In regard 
to water management, firstly the EU countries but also the 
other non-EU countries should complete the WFD activi-
ties. Efforts should be made for the adoption and imple-
mentation of IWRM [50] in the Black Sea Region. The EU 
has also established the Flood Directive that should also be 
implemented in the region.

Complimentary to the implementation of the two EU 
Directives and/or IWRM would be, the improvement of 
current infrastructures and prevention measures for water 
scarcity and flooding (Table 3). Minimizing water losses in 
urban and agricultural water distribution systems should 
be a priority [51]. These problems are the result of the 
socio-economic changes in the former Warsaw Pact coun-
tries (Armenia, Moldova, Romania, and Ukraine) and 
the economic crises of other countries (Greece). Utilizing 
more sustainable irrigation systems such as drip irrigation 
in the region are another important measure (agriculture 
uses most of the freshwater) [52]. Regarding flooding, 
the development of new infrastructures or servicing of 
the old infrastructures (e.g., levees) should be prioritized. 
Another issue is that urban areas are developed along or 
in ephemeral torrents. These areas have a very high risk of 
flash flooding that in many cases could also lead to fatal-
ities (e.g., Mandra, Greece) [33]. Preventive measures for 
natural disasters are more cost-effective than measures 
after the disasters [53]. Policy-makers are typically reluc-
tant to take preventive measures and only the pressure 
from the general public and stakeholders would lead to 
their implementation. The awareness efforts should be 
on measures before, during, and after a natural disaster. 
These efforts should also focus on certain groups (e.g., 
Age groups 18–25 and 26–35 and females – Group 1 of 
CATPCA) (did not believe that water scarcity and flood-
ing was a problem – Group 2 of CATPCA) and be more 
intensive in certain countries (e.g., Ukraine). Finally, the 
implementation of new technologies was expected to be a 
top suggestion since most participants had stated that the 
current equipment are outdated and more ICT need to be 
implemented (Table 3). New technologies such early warn-
ing systems, drought indices might require more funds 
upfront but in the long-term would be more cost-effective 
by reducing the number of natural disasters [54,55].

5. Conclusions

Water scarcity intensity and flooding frequency and 
magnitudes are expected to increase because of climate, 
geopolitical, and economic changes in the Black Sea region. 
New sustainable water management plans need to be imple-
mented with a stronger cooperation among the countries 
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of the region. These plans should include improved water 
and forest management based on innovative approaches 
(e.g., ecosystem-based approaches and nature-based solu-
tions), upgrading existing equipment, improving current 
infrastructure, increasing public awareness, and utilizing 
new technologies and ICT. The differences in the partic-
ipants views of the different countries showcase the need 
for enhanced cooperation among countries of the region 
that can only be achieved by understanding similarities 
and differences. Such information along with recommenda-
tions for sustainable water management were determined 
through this questionnaire. Overall, the water manage-
ment authorities, agencies, and organizations of the region 
need to be proactive to sustainably adapt to climate change 
impacts on water scarcity and flooding.

Acknowledgments

The EU INTERREG IV “Black Sea Basin Joint Operational 
Programme 2007–2013” framework is responsible for the 
funding of this project. The Black Sea Basin Programme is 
co-financed by the European Union through the European 
Neighborhood and Partnership Instrument and the 
Instrument for Pre-Accession Assistance. This document has 
been produced with the financial assistance of the European 
Union. The content of this document are the sole respon-
sibility of the authors and can under no circumstances be 
regarded as reflecting the position of the European Union.

References
[1]	 R.J. Harding, G.P. Weedon, H.A.J. van Lanen, D.B. Clark, 

The future for global water assessment, J. Hydrol., 518 (2014) 
235–242.

[2]	 J. Hileman, P. Hicks, R. Jones, An alternative framework for 
analysing and managing conflicts in integrated water resources 
management (IWRM): linking theory and practice, Int. J. Water 
Resour. Dev., 32 (2016) 675–691.

[3]	 O. Fritsch, Integrated and adaptive water resources 
management: exploring public participation in the UK, Reg. 
Environ. Change, 17 (2016) 1933–1944.

[4]	 D. D’Agostino, M. Borg, S.H. Hallett, R.S. Sakrabani, 
A. Thompson, L. Papadimitriou, J.W. Knox, Multi-stakeholder 
analysis to improve agricultural water management policy 
and practice in Malta, Agric. Water Manage., 229 (2020), 
doi: 10.1016/j.agwat.2019.105920.

[5]	 S. Behmel, M. Damour, R. Ludwig, M.J. Rodriguez, Participative 
approach to elicit water quality monitoring needs from 
stakeholder groups – an application of integrated watershed 
management, J. Environ. Manage., 218 (2018) 540–554.

[6]	 L. Demetropoulou, M.A. Lilli, I. Petousi, T. Nikolaou, 
M. Fountoulakis, M. Kritsotakis, S. Panakoulia, G.V. Giannakis, 
T. Manios, N.P. Nikolaidis, Innovative methodology for the 
prioritization of the program of measures for integrated water 
resources management of the Region of Crete, Greece, Sci. Total 
Environ., 672 (2019) 61–70.

[7]	 G.N. Zaimes, D. Emmanouloudis, Sustainable management of 
the freshwater resources of Greece, J. Eng. Sci. Technol. Rev., 
5 (2012) 77–82.

[8]	 C.J. Vörösmarty, P.B. McIntyre, M.O. Gessner, D. Dudgeon, 
A. Prusevich, S. Glidden, S.E. Bunn, C.A. Sullivan, 
C.R. Liermann, P.M. Davies, Global threats to human water 
security and river biodiversity, Nature, 467 (2010) 555–561.

[9]	 N.S. Grigg, The business of water in a changing world: 
organizations, connectors and support sector, Int. J. Water 
Resour. Dev., 32 (2016) 708–720.

[10]	 K.M.J. Verbist, H. Maureira, P. Rojas, S. Vicuna, A stress test for 
climate change impacts on water security: a CRIDA case study, 
Clim. Risk Manage., 28 (2020), doi: 10.1016/j.crm.2020.100222.

[11]	 C.W. Sadoff, D. Grey, Beyond the river: the benefits of 
cooperation on international rivers, Water Pollut., 4 (2002) 
389–403.

[12]	 European Commission, Directive 2000/60/EC of the European 
Parliament and of the Council of 23 October 2000 Establishing 
a Framework for Community Action in the Field of Water 
Policy, Official Journal of the European Communities, 2000.

[13]	 Black Sea Commission, Strategic Action Plan for the 
Environmental Protection and Rehabilitation of the Black Sea, 
Black Sea Commission, Sofia, Bulgaria, 2009.

[14]	 E. Feldbacher, M. Paun, W. Reckendorfer, M. Sidoroff, 
A. Stanica, B. Strimbu, I. Tusa, V. Vulturescu, T. Heina, Twenty 
years of research on water management issues in the Danube 
Macro-region – past developments and future directions, 
Sci. Total Environ., 572 (2015) 1297–1306.

[15]	 R. Bar, E. Rouholahnejad, K. Rahman, K.C. Abbaspour, 
A. Lehmann, Climate change and agricultural water resources: 
a vulnerability assessment of the Black Sea catchment, Environ. 
Sci. Policy, 46 (2015) 57–69.

[16]	 M. Floerke, I. Barlund, C. Schneider, E. Kynast, Pan-European 
freshwater resources in a changing environment: how will 
the Black Sea region develop?, Water Sci. Technol. Water Supply, 
12 (2012) 563–572.

[17]	 F. Ludwig, E. van Slobbe, W. Cofino, Climate change adaptation 
and integrated water resource management in the water 
sector, J. Hydrol., 518 (2014) 235–242.

[18]	 M. Bech, M.B. Kristensen, Differential response rates in postal 
and web-based surveys among older respondents, Surv. 
Res. Methods, 3 (2009) 1–6.

[19]	 J. Fox, C. Murray, A. Warm, Conducting research using web-
based questionnaires: practical, methodological, and ethical 
considerations, Int. J. Soc. Res. Method, 6 (2003) 167–180.

[20]	 P.A. Tsioras, Status and job satisfaction of Greek forest 
workers, Small-Scale For., 11 (2012) 1–14.

[21]	 F.W. Young, Y. Takane, J. De Leeuw, The principal components of 
mixed measurement level multivariate data: an alternating least 
squares method with optimal scaling features, Psychometrika, 
43 (1978) 279–281.

[22]	 M. Linting, J.J. Meulman, P.J.F. Groenen, A.J. Van der Kooij, 
Stability of nonlinear principal components analysis: an 
empirical study using the balanced bootstrap, Psychol. 
Methods, 12 (2007) 359–379.

[23]	 J.J. Meulman, W.J. Heiser, SPSS Categories 11.0. SPSS, Chicago, 
IL, 2001.

[24]	 A. Iglesias, L. Garrote, F. Flores, M. Moneo, Challenges to 
manage the risk of water scarcity and climate change in the 
Mediterranean, Water Resour. Manage., 21 (2007) 775–788.

[25]	 I.G. Sirodoev, G. Knight, Vulnerability to water scarcity in 
Moldova: likely threats for future development, Present 
Environ. Sustainable Dev., 2 (2008) 6–14.

[26]	 A. Melkonyan, Climate change impact on water resources and 
crop production in Armenia, Agric. Water Manage., 161 (2015) 
86–101.

[27]	 I.X. Tsiros, P. Nastos, N.D. Proutsos, A. Tsaousidis, Variability 
of the aridity index and related drought parameters in Greece 
using climatological data over the last century (1900–1997), 
Atmos. Res., 240 (2020), doi: 10.1016/j.atmosres.2020.104914.

[28]	 G. Tsakiris, M. Spiliotis, Planning against long term water 
scarcity: a fuzzy multicriteria approach, Water Resour. Manage., 
25 (2010) 1103–1129.

[29]	 T. Luo, R. Young, P. Reig, Aqueduct Projected Water Stress 
Country Rankings, Technical Note, World Resources Institute, 
Washington, DC, 2015.

[30]	 IPCC – C.B. Field, V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, 
K.L. Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, 
S.K. Allen, M. Tignor, P.M. Midgley, Managing the Risks of 
Extreme Events and Disasters to Advance Climate Change 
Adaptation, A Special Report of Working Groups I and II of 
the Intergovernmental Panel on Climate Change, Cambridge 
University Press, Cambridge, UK, 2012.



G.N. Zaimes, C. Kiosses / Desalination and Water Treatment 216 (2021) 118–128128

[31]	 P.A. Rault, P. Koundouri, E. Akinsete, R. Ludwig, V. Huber-
Garcia, S. Tsani, V. Acuna, E. Kalogianni, J. Luttik, K. Kokg, 
N. Skoulikidis, J. Froebrich, Down scaling of climate change 
scenarii to river basin level: a transdisciplinary methodology 
applied to Evrotas River Basin, Greece, Sci. Total Environ., 
660 (2019) 1623–1632.

[32]	 D. Gampe, G. Nikulin, R. Ludwig, Using an ensemble of 
regional climate models to assess climate change impacts on 
water scarcity in European river basins, Sci. Total Environ., 
573 (2016) 1503–1518.

[33]	 K. Karagiorgos, S. Fuchs, T. Thaler, M. Chiari, F. Maris, J. Hübl, 
A flood hazard database for Greece, J. Wildbach Lawinen 
Erosions Steinsc., 170 (2012) 264–277.

[34]	 K. Stepanova, O. Rubel, Approaches to natural hazard risk 
assessment and management in Ukraine, J. Environ. Prot. Ecol., 
16 (2015) 908–918.

[35]	 E. Frank, D. Ramsbottom, A. Avanzi, Flood risk assessment and 
prioritisation of measures: two key tools in the development of 
a national programme of flood risk management measures in 
Moldova, Int. J. Saf. Secur. Eng., 6 (2016) 475–484.

[36]	 G. Koc, A.H. Thieken, The relevance of flood hazards and 
impacts in Turkey: what can be learned from different disaster 
loss databases?, Nat. Hazards, 91 (2017) 375–408.

[37]	 G. Romanescu, A. Mihu-Pintilie, C.C. Stoleriu, D. Carboni, 
L. Paveluc, C.I. Cimpianu, A comparative analysis of excep
tional flood events in the context of heavy rains in the summer 
of 2010: Siret Basin (NE Romania) case study, Water, 10 (2018), 
doi: 10.3390/w10020216.

[38]	 M. Diakakis, G. Priskos, M. Skordoulis, Public perception of 
flood risk in flash flood prone areas of Eastern Mediterranean: 
the case of Attica Region in Greece, Int. J. Disaster Risk Reduct., 
28 (2018) 404–413.

[39]	 L. Zaharia, R. Costache, R. Prăvălie, G. Ioana-Toroimac, 
Mapping flood and flooding potential indices: a methodological 
approach to identifying areas susceptible to flood and 
flooding risk. Case study: the Prahova catchment (Romania), 
Front. Earth Sci., 11 (2017) 229–247.

[40]	 L. Malerova, J. Pokorny, E. Kristlova, J. Wojnarova, Using of 
mobile flood protection on the territory of the Moldova as 
possible protection of the community, IOP Conf. Ser.: Earth 
Environ. Sci., 92 (2017), doi: 10.1088/1755-1315/92/1/012039.

[41]	 Z.W. Kundzewicz, I. Pińskwar, G.R. Brakenridge, Large floods 
in Europe, 1985–2009, Hydrol. Sci. J., 58 (2013) 1–7.

[42]	 L. Alfieri, P. Burek, L. Feyen, G. Forzieri, Global warming 
increases the frequency of river floods in Europe, Hydrol. Earth 
Syst. Sci., 19 (2015) 2247–2260.

[43]	 K. Stahl, H. Hisdal, J. Hannaford, L.M. Tallaksen, 
H.A.J. van Lanen, E. Sauquet, S. Demuth, M. Fendekova, 
J. Jódar, Streamflow trends in Europe: evidence from a dataset 
of near-natural catchments, Hydrol. Earth Syst. Sci., 14 (2010) 
2367–2382.

[44]	 H. Madsen, D. Lawrence, M. Lang, M. Martinkova, 
T.J. Kjeldsene, Review of trend analysis and climate change 
projections of extreme precipitation and floods in Europe, 
J. Hydrol., 519 (2014) 3634–3650.

[45]	 B. Quesada-Montanoa, G. Di Baldassarrea, S. Rangecroft, 
A.F. Van Loond, Hydrological change: towards a consistent 
approach to assess changes on both floods and droughts, Adv. 
Water Resour., 111 (2018) 31–35.

[46]	 K.N. Brooks, P.F. Ffolliott, J.A. Magner, Hydrology and the 
Management of Watersheds, 4th Edition, Wiley-Blackwell, 
Chichester, West Sussex, UK, 2012.

[47]	 G.N. Zaimes, K.-H. Lee, M. Tufeckioglu, L.A. Long, R.C. Schultz, 
T.M. Isenhart, The Effectiveness of Riparian Conservation 
Practices in Reducing Sediment in Iowa Streams, B.P. Hendriks, 
Ed., Agricultural Research Updates, Vol. 2, Nova Science 
Publishers, Hauppauge, USA, 2011, pp. 117–166.

[48]	 G.N. Zaimes, M. Tufekcioglu, R.C. Schultz, Riparian land-
use impacts on stream bank and gully erosion in agricul
tural watersheds: what we have learned, Water, 11 (2019), 
doi: 10.3390/w11071343.

[49]	 G.N. Zaimes, G. Tardio, V. Iakovoglou, M. Gimenez, J.L. Garcia-
Rodriguez, P. Sangalli, New tools and approaches to promote 
soil and water bioengineering in the Mediterranean, Sci. 
Total Environ., 693 (2019), doi: 10.1016/j.scitotenv.2019.133677.

[50]	 V.V. Nikolic, S.P. Simonovic, B. Dragan, D.B. Milicevic, 
Analytical support for integrated water resources management: 
a new method for addressing spatial and temporal variability, 
Water Resour. Manage., 27 (2013) 401–417.

[51]	 H.E. Mutikanga, S.K. Sharma, K. Vairavamoorthy, Methods 
and tools for managing losses in water distribution systems, 
J. Water Resour. Plann. Manage., 139 (2013) 166–174.

[52]	 S.H. Ismail, M.H. Almarshadi, Maximizing productivity and 
water use efficiency of alfalfa under precise subsurface drip 
irrigation in arid regions, Irrig. Drain., 62 (2013) 57–66.

[53]	 C. Suykens, S.J. Priest, W. van Doorn-Hoekveld, T. Thuillier, 
M. van Rijswick, Dealing with flood damages: will prevention, 
mitigation, and ex post compensation provide for a resilient 
triangle?, Ecol. Soc., 21 (2016) 1–17.

[54]	 M. Girons Lopez, G. Di Baldassarre, J. Seibert, Impact of social 
preparedness on flood early warning systems, Water Resour. 
Res., 53 (2017) 522–534.

[55]	 C. Lavaysse, J. Vogt, F. Pappenberger, Early warning of 
drought in Europe using the monthly ensemble system from 
ECMWF, Hydrol. Earth Syst. Sci., 19 (2015) 3273–3286.


	_Hlk52875312

