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Abstract. The aim of our paper is economic vulnerability assessment in the
water sector of Montenegro, with a focus on electricity production in
hydropower plants. The absence of an officially defined methodology in
Montenegro, as well as in the region of South-East Europe represents a kind
of challenge for research of this type especially for the assessment of
economic damage caused by climate change and in the future period. In our
paper, we treated negative impacts in the water sector as additional costs for
the import of electricity due to reduced electricity production caused by the
reduction of water potential due to climate change. After collecting,
processing and analyzing data on electricity production in Montenegro, we
prepared a projection of this production in the future period for the basic
scenario - "without climate change". This was followed by an assessment of
the quantitative damage, in accordance with the determined climate
scenarios. After analyzing electricity prices in the European market, we
defined future unit were defined as a basis for damage assessment. We
conclude the paper with the calculation and projection of economic damages
caused by climate change in the Montenegrin energy sector. The basic
variant of the analysis would be the existing price of electricity imports for
2022, in the amount of 200 EUR per MWh. The other two variants would
be one higher and one lower electricity import prices (250 and 150 EUR per
MWh, respectively), in order to gain an overview of the future price
fluctuations in a certain way.

1 Introduction

Widespread, rapid, and intensifying climate changes accompanied by global warming are
among the biggest problems of the planet [1,2], which result in severe changes in the planet's
ecological and geological systems [3-6]. As a result of climate change, there are changes in
characteristics of precipitation [7,8] and evaporation [9-11], which has implications for the
biosphere and people due to changes in water availability [12,13]. Trends in temperature,
precipitation or snow cover, as the main climate variables, have a strong influence on
groundwater [14], which is why their long-term and continuous monitoring can facilitate the
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assessment of the climate change impact in the future on the availability of the water
resources [15]. Certain studies already indicate that clear trends of increasing
evapotranspiration and temperature, as well as decreasing precipitation, lead to a continuous
trend of decreasing surface water resources, which affects the sustainability of agricultural
land use and increases the level of groundwater use [16]. Along with the increase in
population on earth, the demand for water increases, and urbanization affects the quality of
water [17,18], while some countries are predicted to become water-stressed countries in the
near future [19,20]. In addition, there is a decline in economic growth, especially in some
developing countries that do not have enough resources to deal with natural disasters [21,22].

Due to its multiple impact on water resources, ecosystems, agriculture, human health,
climate change is the concern of hydrologists, ecologists, agronomists, and doctors [23-27].
Climate changes are the result of the combination of two groups of factors, natural and factors
related to human activities [28]. However, in the last 50 years most heat can be attributed to
human activities [29,30], which has caused numerous environmental problems, including
freshwater scarcity [31,32]. At the same time, poor countries, due to their greater dependence
on natural resources, are less able to deal with variability and extremes [33,34], which is why
solving the problem of degradation of natural resources is urgent [35,36].

As one of the most important natural resources, water is of exceptional importance for
economic and overall social activity. The generally accepted and undisputed point of view is
that water resources availability and climate change are strongly related to each other [37,38].
Namely, in the IPCC 2014 Report, it is stated that 93% of the impacts related to climate
change will be felt in the water sector [39]. At the same time, the results of certain recent
research show a future reduction of water resources (up to 40%), with increasingly frequent
dry periods [40]. Certain studies warn of the risk of drinking water quality [41], with the
influence of extreme events related to climate applications, such as temperature rise, floods,
heavy precipitation, red tide, etc.

It has been unequivocally confirmed that climate change has a significant impact on water
cycles, which has led to temporal and spatial changes in the distribution of water resources
[42,43], reduction of available water resources, and more frequent occurrence of extreme
hydrological events. This causally increases the vulnerability of water resources and exerts
additional pressure on the security of water supplies. Rapid population growth, urbanization
and economic development are exacerbating the impact of climate change, especially in areas
where demand for water exceeds scarce supplies. Inadequate adaptation to climate change
threatens not only the achievement of SDG6 ("Water goal"), but also threatens other
Sustainable Development Goals (SDGs). Studies on the impact of climate change on water
resources began in the 1980s, and the World Meteorological Organization (WMO) published
an overview of the impact of climate change on water resources and suggested certain
methods of impact evaluation, after which it published a report on the sensitivity of the impact
of climate change on hydrology and water resources, summarizing this problem for the future
and modern climate change [44,45]. In the meantime, WMO and UNEDP jointly established
the Intergovernmental Panel on Climate Change (IPCC), which specializes in the periodic
evaluation of the impact of climate change on water, as the most direct and vulnerable sector
[46-48].

With climate change, due to global warming and temperature changes [49-51], as well as
changes in precipitation [52,53], hydrological cycles have been altered in many parts of the
world [54-57]. According to World Bank [58], global fresh water resources per capita have
decreased, from 13,632 m® in 1961 to 5,555 m® in 2019. According to WHO forecasts, half
of the total population will suffer water stress conditions by 2025 [59]. Al-Zubari et al. [60]
showed that residential water demand increases by about 3.8 liters per inhabitant if the
temperature increases by 1°C. For these reasons, studies on the impact of climate change on
water resources have been updated. Evaluating the Water Crowding Index" (WCI, annual
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water resources per capita) and "Water Stress Index" (WSI, the ratio of water demands to
resources), some of the earlier studies warn that around 35-60% of the global population in
the 1990s were under water stress, moderate and severe level, at different spatial scale
[13,61,62]. Later numerous studies, focused on the impact of climate change on water
resources in the future, concluded that under the influence of socio-economic factors, water
stress increases and varies from region to region [63-67]. Consequently, changes in water
resources significantly affect agriculture through the quality and quantity of yields, causing
problems in the supply of food markets and generating economic difficulties [68].

Climate change has had a significant impact on groundwater contamination, as well as
the population life [69-71]. The lack of clean drinking water threatens the sanitary conditions
of life [72,73], increasing the risk of disease [71]. Climate variability has a strong impact on
public health, and at the same time there is a problem of water-related diseases [74],
especially in the conditions of changing climate scenarios —temperature rise [75,76], uneven
precipitation temporally and spatially [77-79], flash floods, severe droughts and sea level rise
[80-82], heatwaves etc.

Evident changes in the water resources system, under the influence of climate change,
have a causal effect on the local climate and to a certain extent have a negative impact on
climate change. Therefore, regional and global hydrological models are combined with
global climate model projections, in order to assess changes in water resources under the
influence of climate change [13,83-85]. Future climate projections models indicate the
inevitable consequences of climate change on water resources [2,86,87]. Finally, certain
studies warn that, for a number of different reasons, the impact of climate change on the water
environment is uncertain [88], and therefore water management in the future is also uncertain.

In general, we notice that the current water management systems are not adapted to these
changes, the infrastructure is built for conditions of relatively stable water resources, and
urbanization and the increase of irrigated areas have already caused difficulties in water
supply. In addition, the limited availability of long-term hydrometeorological records and
insufficient efforts to reconstruct historical data lead to the absence of comprehensive studies
on changes in hydrometeorological indicators and other relevant indicators, which are a
consequence of climate change [89]. Most of the studies are not comprehensive (most often
they analyze one hydrometeorological or bio-physical phenomenon), they do not cover the
entire nation, which is why a serious and integrated approach to climate change management
is missing.

In order to adapt to climate change, some research suggest sustainable development
strategies, as well as the integration of environmental education (EE) programs into the
education systems of the country in order to raise awareness of climate change and other
environmental problems, and make adaptation and mitigation initiatives successful [90-93].

Certain studies [94] focus on the estimation of economic damages from the impact of
climate change on water resources. Frederick and Schwarz estimated the annual US cost
associated with climate change impacts on water resources in the range of USD 136-327
billion. Furthermore, Hurd et al. [95] estimated the total economic damage (i.e. benefits from
avoiding climate change impact) associated with flooding and water quality decline (due to
assumed temperature rise and precipitation increase). Unlike some studies that assessed the
overall national economic effects of climate change, other studies assessed the effects of
specific effects of climate change, such as the impact of drought on the economy [96-98].
Recently, Du et al. [99] showed that climate change in the countries of the Belt and Road
Initiative (BRI) will increase the demand for water by about 1.4-2.3% in the countries by
2050, with the consequence of serious water shortages in the countries of Central and
Western Asia. The importance of water to other sectors, such as energy, manufacturing and
transport [100,101] makes the problem of water supply multi-sectoral and multi-regional,
although there is a lack of research on how the economic costs of future water shortages will
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spread across sectors and regions [102]. Lately, Papakostas et al. [103], conducted for Greece
(Athens and Thessaloniki), confirmed the reduced demand for heat energy and the increase
in energy consumption for cooling, due to the increase in air temperature. The results of
earlier research also warned of the impact of climate change on reducing water availability
and increasing water use [104-107]. Lehner et al. [108] pointed to the reduction of water
resources in Eastern Europe due to two main causes: trends towards a dry climate and
increasing water consumption for human use.

Interestingly, a large number of studies based on projected changes in water availability
investigated the impact of climate change on hydropower. A global survey by Vliet et al.
[109] projects a decrease in usable capacity by 61-74% for hydroelectric power plants and
81-86% for thermal power plants, worldwide for 2040-2061, due to climate impacts. On the
other hand, Vliet et al. [110] pointed out the vulnerability of the European power sector due
to hot and dry summers, citing that the increase in water temperatures and the reduced
summer flow of rivers, under the influence of climate change, has an impact on hydropower
and thermoelectric power in Europe, with significant impacts on electricity prices. At the
same time, in some countries there are trends of decreasing hydropower potential, and in
some it is maintained at a stable level, with a projection of a drop-in hydropower potential of
about 6% by 2070, for the whole of Europe [111]. Schaeffer et al. [112] indicate that energy
systems often do not include the effects of future climate variations in their work, so
understanding the climate impact on the power system is of key importance for policy
makers, in order to overcome the potential bottlenecks of energy systems. At the same time,
Turner et al. [113] suggest that the Balkan countries appear to be the most vulnerable to
climate change, with losses in total electricity production ranging from 5-20%, depending on
the country. Recently, Tobin et al. [114] warns that, under the influence of warming, the
production of hydro and thermal energy can be reduced by up to 20%, and that the southern
European countries are more sensitive than the northern ones, while the increase of renewable
sources could reduce this sensitivity. Solaun and Cerda [115] suggest a drop-in hydropower
production in Spain from 10 to 49% by the end of the century, depending on the plant and
scenario, which could threaten future investments in similar projects. Interestingly, Sample
et al. [116] forecast climate change is likely to have a weaker impact on the hydropower
potential of Scotland than on locations in Mediterranean Europe or basins in the Alps, but
higher than in countries such as Norway and Sweden. Wagner et al. [117] forecast that in the
period 2031-2050 electricity production will go down by up to 8%, for the entire Appalachian
region, compared to the period 1961-1990. On the other hand, some studies somewhat
relativize the impact of climate change on hydropower production. Hamududu and
Killingtveit [118] showed that climate change will not cause significant changes in global
hydropower generation, if the existing hydropower system is taken into consideration.
Tarroja et al. [119] suggest that the impact of climate change and increased variability will
have some effect on hydropower production, depending on whether there is a longer dry
period or a period with extreme rainfall.

Water sector in Montenegro is vulnerable to projected changes in mean climate conditions
such as mean temperature and rainfall, projected climate variability (climate variability is
expected to increase in a warmer climate), as well as projected changes in the frequency and
intensity of extreme weather events and changes in the sea level. Concern about the potential
effects of climate change on water resources of Montenegro is growing. Water resources
vulnerability is a critical issue to be faced by society in the near future. Current variability
and future climate change are affecting water supply and demand over all water-using sectors.
Consequently, water scarcity is increasing. Climatic, hydrological, geological and socio-
economic factors influencing vulnerability need to be identified and appropriate indicators
selected. Exposure, sensitivity, potential impact and adaptive capacity are all considered in
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the evaluation of vulnerability to a defined climate change stressor such as temperature and
precipitation.

The goal of our paper is economic vulnerability assessment in the water sector of
Montenegro, with a focus on electricity production in hydropower plants. In Montenegro, as
well as in the South-East Europe region, there is no officially defined methodology on the
procedure and method of determining damage caused by climate change. The absence of
such a methodology also applies to the assessment of economic damage under the influence
of climate change in the future as well. Estimates so far were mainly based on a specific
assessment of material damage, due to certain extraordinary events that occur under the
influence of a changed climate.

The paper is organized as follows. In Introduction, relevant aspects of the problem related
to the research objectives of this paper are presented, regarding the impact of climate change
on the water sector, which causes economic damage in many sectors, especially in the energy
sector. In the second section of the paper, we offer an overview of the national circumstances
related to the water sector in Montenegro and the impact of climate change on this sector.
The third section of the paper is devoted to economic vulnerability assessment in the water
sector of Montenegro, with a focus on electricity production in hydropower plants and
economic vulnerability assessment of fluvial floods in Montenegro. Negative impacts of
climate change on the water sector in Montenegro are analyzed in the context of additional
costs for the import of electricity, due to the reduction of water potential, which is a
consequence of climate change. For the basic scenario - "no climate change" scenario, we
prepared a projection of hydropower production in Montenegro in the future period, based
on which the quantitative damage due to the reduction of production and in accordance with
the defined climate scenarios. The assessment of economic damage was preceded by the
collection of data related to the amount of hydropower produced in Montenegro, and their
further processing and analysis, with the x projections. By including electricity prices in the
analysis, we performed the calculation and projection of economic damage caused by climate
change in the energy sector. In Section Conclusions, we offer final conclusions and
recommendations, but also point to certain limitations of this paper, which can serve as an
impulse for future research in this important field.

2 National circumstances relating to water sector and climate
change impacts in Montenegro - overview

Montenegro is located in the central part of a moderately warm zone in the Northern
Hemisphere (41°52° and 43°32” latitude North and 18°26” and 19°22’ longitude East). Owing
to its latitude, i.e. its proximity to the Adriatic and Mediterranean Seas, it has a Mediterranean
climate with warm and somewhat dry summers and mild and rather humid winters. The
dominant climate types in Montenegro are: Maritime, Continental and Mountainous. 79.23%
of the total territory of Montenegro is covered by forests and semi natural areas, 16.09% is
agricultural land, 1.9% water bodies and 1.87% is artificial areas.

In the area of Zabljak (1,450 meters above sea level), the average annual air temperature
is 5.3°C, and on the coast the average annual temperature is 16.1°C. In the extreme north
(municipality of Pljevlja), the average annual rainfall amounts to 790 mm, and about 3,350
mm in the extreme southwest (municipality of Cetinje). The average number of days with
precipitation at the level of the year is from 115 to 130 days, while the average number of
days in the northern region is 172 days. Snowfall occurs above 400 m above sea level, lasting
from 10 days (Kolain) to 76 days (Zabljak)The hydrography of the municipality of Dojran
mainly consists of the Dojran Lake, smaller springs and streams, as well as a few artificial
reservoirs. Most of the streams drain into Lake Dojran, and about 1/3 (the western part of
Karabalija Mountain) drain to the Vardar River basin via the Luda Mara River.
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Seasonal air temperature data for Montenegro are presented in Table 1.

Table 1. Seasonal average, min-average and max-average temperatures for Montenegro (Prepared by
Climatic Research Unit, University of East Aglia, https://www.uea.ac.uk/groups-and-centres/climatic-
research-unit)

1961-1990 | 1991-2020 |
Temperat | Decemb | Marc | June- | Septem | Decemb | Marc June- Septem
ure er- h- July- ber- er- h- July- ber-
average Januar | April | Augu | Octobe Januar | April | Augus Octobe
values y- -May st r- y- -May t r-
(mean) Februa Novem | Februa Novem
ry ber ry ber
Country: -0.22 7.89 17.31 9.87 0.66 8.85 19.05 10.64
Highest: 5.95 13.64 | 23.41 15.9 6.64 14.52 25.09 16.59
Lowest: -2.31 591 15.19 7.85 -1.44 6.85 16.92 8.62
1961-1990 | 1991-2020 |
Temperat | Decemb | Marc | June- | Septem | Decemb | Marc June- Septem
ure er- h- July- ber- er- h- July- ber-
average Januar | April | Augu | Octobe Januar | April | Augus Octobe
values — y- -May st r- y- -May t r-
min Februa Novem Februa Novem
ry ber ry ber
Country: -3.83 3.31 11.82 5.31 2.9 4.35 13.69 6.27
Highest: 1.93 8.78 17.59 10.97 2.69 9.77 19.46 11.91
Lowest: -5.87 1.45 9.74 3.34 -4.95 247 11.58 4.32
1961-1990 | 1991-2020 |
Temperat | Decemb | Marc | June- | Septem | Decemb | Marc June- Septem
ure er- h- July- ber- er- h- July- ber-
average Januar | April | Augu | Octobe Januar | April | Augus Octobe
value — y- -May st r- y- -May t r-
max Februa Novem Februa Novem
ry ber ry ber
Country: -3.83 3.31 11.82 5.31 -2.9 435 13.69 6.27
Highest: 1.93 8.78 17.59 10.97 2.69 9.77 19.46 11.91
Lowest: -5.87 1.45 9.74 3.34 -4.95 2.47 11.58 432

Figure 1 presents data with average monthly air temperatures in Montenegro for the
period 1961-1990 and 1991-2020. Based on the data analysis, we observe an increase in
temperature by almost 1°C, with a greater increase in the minimum air temperature.

IW::',‘,“:
-

Fig. 1. Average monthly air temperatures in Montenegro for the period 1961-1990 and 1991-2020.
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According to the Third National Communication on climate change [121] results of
climate projections show an increase in annual temperature of 1.5°C to 2°C by 2040 in the
whole country — during the winter months between 2°C and 2.5°C, and in the summer months
an average of about 2°C. For the period 2041-2070 deviations of the mean annual
temperature range from 2.5°C to 3°C, i.e. for the period 2071-2100 the deviation is about
5.5°C. Additionally, for the period 2011-2040 an increase in precipitation in the north of the
country is expected up to +5%, and a decrease in the southern regions up to -5%, while for
the period 2041-2070 a decrease of up to 20% in average annual precipitation is expected in
the entire territory. For the period 2017-2100, the average annual precipitation is expected
to decrease by up to -20% in most of the country.

The amount of annual precipitation indicates a drier climate, while in the period 1961 -
2020 there were no significant changes in seasonal annual precipitation with the lowest
annual amounts of precipitation being in the period 1961-2000. Number of days with more
than 1 mm of precipitation decreased, and the number of days with more than 40 mm
increased [120].

Surface waters from the territory of Montenegro flow into two water-rich basins, whereby
the Adriatic basin occupies an area of 7,545 km? and covers 45.4%, and the Black Sea basin
occupies an area of 6,268 km? and covers 54.6% of the total territory. Generally, both of these
basins are rich in water, which makes Montenegro one of the most water-rich countries
globally. According to the approximate water balance of Montenegro, about 624 m?/s of
Montenegrin water flows from its territory. Ground water in Montenegro is present in rocks
of different ages and it represents the only practical source of water for the population. 75
sources are used to provide public water supplies to 40 urban settlements; 21 of these urban
settlements are municipal centers and there are also a large number of suburbs.

In general, Montenegro has significant surface and underground waters of relatively good
quality. The biggest consumers of water are industry and the population. In the period 2005—
2020 the amount of water captured for the public water supply increased by 19%, i.e. from
101.9 million m? in 2005 to 121.3 million m? in 2020. However, the water delivered to the
final consumers in 2020 is 13% lower, compared to 2005, when water distribution losses
increased from 47% to 61%, for the same period. In 2020, non-revenue water on the national
level is 67.14%. The industry is predominantly supplied from its own water intakes, surface
and underground. Of the total water used in industry, 99.27% is water used in the energy
supply sector, while 0.73% is water used in the sectors mining and processing industry

Analysis of the long-term SPEI index, and its comparison with the cumulative anomalies
of precipitation and temperature, indicates that from 1980 to 2000 there was a drastic
decrease in precipitation, while from 2000 onwards, precipitation slowly normalized to the
average multi-annual precipitation. At the same time, the average temperature was constantly
increasing and the analyzes show a high correlation between precipitation anomalies and
surface water resource anomalies.

We note that the water sector is sensitive to climate changes, i.e. to changes in mean
temperature and precipitation, changes in sea level, as well as to changes in the intensity and
frequency of extreme weather events. Current and future climate changes have an impact on
water supply and water demand, which is why the problem of water shortage is current, and
concern about the impact of climate change on the water sector is growing. In order to assess
the vulnerability of the water sector, the appropriate indicators of vulnerability (exposure,
sensitivity, potential impact and adaptive capacity) to defined stressors of climate change
(e.g. temperature and precipitation) should be evaluated.

With recorded and projected temperature increases and decreases in precipitation during
summer and fall, further increases in the magnitude and occurrence of droughts are expected.
Montenegro is a drought-prone country with large areas of fast-drying lands that become dry
due to increasing temperatures, even if rainfall does not decrease. Droughts significantly
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reduce water levels causing negative secondary impacts on biophysical systems such as forest
fires and significant reductions in hydroelectric production and crop yields. Successive
droughts that occurred in certain periods particularly disturbed the water balance in the
southern regions of Montenegro in late autumn and will probably continue to occur.

As for precipitation, based on official data, it can be concluded that there is an increase
in daily maximum precipitation in the northern region (Cehotina and Ibar), in the entire coast
and in the basin of Skadar lake. In the Piva, Tara and Lima sub-basin regions, there is a slight
decrease or minimal change in extreme precipitation.

Torrential, or flash floods represent a danger that social communities do not take seriously
enough. Since Montenegro is primarily a mountainous country, with steep slopes and special
geology, the human factor (deforestation and increased agricultural activity) additionally
contributes to increased susceptibility to torrential floods. Although Montenegro can be
exposed to all kinds of floods, two categories of floods are characteristic: fluvial and
meteorological floods. Fluvial floods are result of abundant rain series of a few days with a
large amount of rainfall. In extreme cases can reach about 500~1000 lit/m2, covering larger
space. They connect with river systems and lakes in such a way that water levels have
extremely high values. They rarely occur, and when they occur, certain thresholds are reached
and exceeded. Meteorological (pluvial and flash) floods are local and they are more likely to
occur and they are related to torrents and urban environments or a certain fragment of space.
They are of short time span, but can be very aggressive, destructive and difficult to foresee
and locate in time and space, because they are related to the formation of storm-thunder
clouds which are very dynamic and capture only a certain locality from which, in a very short
time, an abundant amount of rain is excreted, which in only a few hours can reach over 100
lit/m2 and thus very often exceeds the thresholds.

Not a small number of studies indicate the susceptibility of Montenegrin rivers to
torrential floods. The National Flood Protection and Rescue Plan proposed by the
Government of Montenegro mentions the inventory of 300 flood basins that can damage the
primary traffic infrastructure. However, flash floods have a much greater potential for
damage than transportation infrastructure. According to the Torrential Flood Susceptibility
Model — TFSM, which was developed for the needs of the Vrbas River Basin in Bosnia and
Herzegovina [122], the northern and northeastern part of Montenegro is the most susceptible
to torrential floods, along with the coastal region, where most of the identified torrential flood
areas from the inventory are located. However, areas with medium to low susceptibility to
torrential flooding should not be neglected either. At the same time, 67-69% of the area
belongs to the "strong" and "very strong" class of sensitivity, and only 3% to the "very low"
class of sensitivity. Supplementing the inventory with data on flash floods that cause damage
beyond the traffic infrastructure can be used for prognostic purposes in the future.

Largest floods in Montenegro since the half of the past century until now have occurred
in: 1963, 1979, 1999, 2000, 2010 and 2011. The EM-DAT Disaster Database has documented
4 flood disasters in Montenegro from 2000 to 2011, which caused half a century of water
level records on the rivers. Skadar lake has reached its historical maximum water level of
10.44 m above sea level. Three rainy series of precipitation led to approx. 1000 lit/m? in some
places. These floods have affected around 8000 people. The damage and losses caused by
the 2010 flood alone amounted to around €44 million (1.4% of gross domestic product) [123].
The FAO estimated that this flood impacted around 30,000 hectares of agricultural land. The
most affected was the area around the River Zeta valley and the area around Lake Skadar,
where most of the national vegetable production occurs. Total agricultural damages and
losses were estimated at over €13 million, of which over €6 million was in damages and over
EUR 7 million was in losses [124]. The most recent significant flood was in November 2019
resulting in multiple impacts for people and infrastructure in municipalities of Niksi¢ and
Kolasin. The total estimated damage on households from this flood was around €73,000 and
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for infrastructure (e.g. roads, bridges) it was around EUR 211,500 [125]. The UN-DRR
Disaster Information Management System has documented 34 flood events in Montenegro
from 2005 to 2018, with 1264 damaged houses, over 550 evacuated population and 4.500 ha
flooded agricultural land.

In Montenegro, protection from floods has not been given much attention so far, although
the consequences are frequently significant. The scope of work performed so far on the
arrangement of watercourses and flood defense on all watercourses in Montenegro is very
modest and they were mostly performed in the 70s of the last century. Due to the partial
approach to this issue, most of the constructed structures are of a local character, so the
lengths of defensive embankments, coastal fortifications and regulated riverbeds are very
short - from a few hundred meters to 1-2 kilometers. A special problem is the weak and
irregular maintenance of flood defense facilities, which inevitably led to a reduction in the
level of protection of coastal areas. Larger defensive units were realized only along Moraca
(embankment Cijevna-Vranjina 16 km long and three more sections 3-5 km long) and along
Bojana (three sections of the embankment, 3-6 km long). Certain works have been carried
out since 2011 in order to repair the consequences of the floods that occurred in 2010, as a
prevention of future floods.

Water is a basic element for production and the energy sector. The huge quantities and
quality of surface water bodies result in significant water potential, which can be transformed
into hydropower potential. Hydropower potential along the main watercourses of
Montenegro amounts to 1,124 MW, i.e. 9,846 GWh of annual energy production. Based on
data on installed energy capacities, hydroelectric power plants in Montenegro account for
about 67% (702,895 MW). Analyzing the already existing installed capacities for energy
production, the current energy mix of Montenegro is represented by hydropower plants with
67.06% (702,895 MW).

3 Data and methodology

In Montenegro, as in the region, there is no officially defined methodology on the procedure

and manner of determining the damage caused by climate change, as well as the methodology

for assessing future harmful economic impacts caused by climate change. The activities so

far in assessing these damages are mainly based on the activities of concrete assessment of

material damage, due to certain emergency events, which are a consequence of changed

climate. As the goal of our paper is economic vulnerability assessment in water sector of

Montenegro, with a focus on electricity production in hydropower plants, negative impacts

were analyzed in the context of additional costs for import of electricity, due to reduced

electricity production, caused by reduced water potentials as a result of climate change. To

carry out this activity it was necessary to:

e  Collect appropriate statistical data on the quantity of electricity production in
hydropower plants in the previous period;

e  Process and analyze collected data, as a basis for further projections;

e  Project the future electricity production in hydropower plants, for the basic scenario -
the scenario "without climate change";

e Assess quantitative damage - reduced electricity production, caused by climate change,
in accordance with established climate scenarios;

e Analyze the prices of electricity imports in the region and Europe and determine future
unit prices, as a basis for damage assessment;

e  Based on previously collected and processed data, perform calculation and projection
of economic damages caused by climate change in this sector.
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Defining the time frame for observation/analysis was the next important step. Climate
change is a phenomenon that occurs slowly and not so noticeably, so its consequences,
namely negative effects, cannot be adequately assessed for shorter periods of time (e.g. up to
20 years), which is common for different types of economic analysis. For this reason, and
based on research and recommendations from numerous studies and documents, it was
decided to assess economic damage as a consequence of climate change for [126]:

e  The period of the near future, until 2050 (Near Future) and
e  The period of the distant future, up to 2100 (Far Future).

In the scope of the further analysis, and due to the impossibility to precisely define at this
moment the extent of impact on the climate which will occur in these defined periods, and
therefore what negative consequences these changes will cause, it was decided to observe
two scenarios - more favorable and less favorable, within each period of time. The number
of scenarios can certainly be higher, but it is estimated that for the sake of clarity of the
analysis, and also its objective (to determine the preliminary approximate level of considered
adverse effects), this number of scenarios is sufficient.

Ideally, further analysis would imply that within each considered sector, adverse effects
are quantified by defined categories of analysis, for both time frames and for both climate
scenarios. Given that this is very difficult at the moment, since adequate researches are
scarce, as well as data in Montenegro on it, the experiences in analysis and research in Europe
and the world were considered. Data and assumptions in these sources vary, so only those
which served to define the criteria for this analysis are presented below.

Callaway et al. [127], undertook the assessment of economic damage for individual
sectors was performed on the basis of the following assumptions:

e  For the period up to 2050, 2 scenarios: losses of 3% and 8%;
e  For the period up to 2100, 2 scenarios: losses of 8% and 15%

Researches abroad have mainly focused on predicting adverse effects on the total national
GDPs as a result of climate change. Thus, for example, in a study prepared by the Swiss Re
Institute [128] the expected impact on global GDP by 2050 was presented, according to four
different scenarios, as compared to the world "without climate change". Those are the
following scenarios for Europe:

e  Decrease of GDP of 2.8%, if the goals of the Paris Agreement are achieved (increase in
temperature well below 2° C);

e  Decrease of GDP of 7.7%, if further mitigation measures are taken (temperature
increase of 2° C);

e  Decrease of GDP of 8.1%, if some mitigation measures are taken (2.6° C increase in
temperature);

e Decrease of GDP of 10.5%, if mitigation measures are not taken (temperature increase
of 3.2° C).

As it can be seen, harmful effects by 2050 are estimated in the range from about 3% to
approximately 10% for the period until 2050.

International Monetary Fund study [129] served as the basis for further analysis in this
paper. In this study, there is analysis of negative impact of climate change on GDP, by
countries, grouped in relation to their geographical location and economic situation. The
analysis showed that these damages, for a group of countries including Montenegro, would
be the following:

e  For the period up to 2050: losses of 2.18% and 3.11%;
e  For the period up to 2100: losses of 6.05% and 8.25%.

It is obvious that the predicted adverse effects within this study are somewhat lower than
in the previous ones, which only confirms the view that their prognosis is not simple and
depends on numerous input assumptions. Therefore, in order to cover the broader framework
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of analysis and future estimates, within this paper the analysis was performed for water sector
with the following scenarios:
e Near future, damage level by 2050 5% (Near Future 1, NF1);
e Near Future, damage level by 2050 10% (Near Future 2, NF2);
e  Far future, damage level by 2100 10% (Far Future 1, FF1);
e  Far Future, damage level by 2100 15% (Far Future 1, FF2).

In order to better understand and monitor the analysis of the impact of climate change on
the water sector in Montenegro, with a focus on hydropower production, we present a
methodological flowchart in Figure 2.

) Collection of statistical data on the amount of electricity in
Begin hydroelectric power plants in the previous period

v

[ Data processing and analysis ]

v

'a Y
Projection of future amounts of electricity in hydropower plants
scenario "without climate change"

v

Projection of a decrease in electricity production due to the
impact of climate change by scenarious:
By 2050 By 2100
NF1 - fall 5% FF1 - fall 10%
NF2 - fall 10% FF2 —fall 15%

A8 )
v
[ Analysis of imported electricity prices and determination of ]

future unit prices
v

Harmonizing the expected electricity prices with the growth rate

v

A 1t of icd from reduction in electricity
production — ,,basic” variant (price 200 EUR/MWh)

v
v

[ Final results of analysis and discussion ]

Fig. 2. Methodological flowchart.

4 Analysis and results: economic vulnerability assessment in
water sector of Montenegro with a focus on electricity production
in hydropower plants

Projections of individual economic categories are made relying on certain growth rates based
on historical data, or on the fluctuations of a certain category in the past period, or using
official GDP growth rates, or certain sectoral rates or a combination of all mentioned above
with appropriate estimates of sectorial experts. In this particular case, some historical rates
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are not fully relevant due to the atypical 2020. This also applies to the GDP growth rate,
which dropped significantly in 2020. For that reason, it was decided to follow the
precautionary principle with moderate growth rates, in relation to the initial state in the water
sector with proposed annual increase of 0,5%. As it can be seen, growth rate in water sector
is lower, due to real capacity, which is limited.

In general, negative effects of climate change on the water sector and watercourses have
already been described in more detail in other parts of this document, so it should only be
repeated here that they can be very diverse from an economic point of view. The impact of
climate change on water resources is very different and affects many sectors of the economy.
Changes in the quantity, type and distribution of surface water flows, caused by precipitation
and changes in temperature, can lead to a reduction in surface runoff, which can then
negatively affect both the amount of water supply and water quality.

Water use is wide and diverse: water for human consumption, water for agriculture, water
for industry, technical water for wastewater treatment, water for thermal cooling, water for
hydropower production, water for transport and recreation, etc. Although water use has a
significant role in all mentioned areas, the most important economic use of water in
Montenegro is for electricity production, so the assessment of the harmful effects of climate
change in the water sector would be focused on impacts in this area. In order to do this, it
was necessary to collect the most important statistical indicators in the field of electricity
generation, analyze them in the process of preparation for appropriate projections, determine
future quantities of missing electricity due to reduced water potential caused by climate
change and finally analyze electricity import prices, in order to quantify economic damages.

The electricity sector is one of the most important segments of the energy sector in every
country, including Montenegro. Montenegro's energy sector is characterized by high natural
potential (coal, hydro potential, biomass potential, wind and solar potential), which is
underused, low energy efficiency, as well as dependence on imports of electricity and fossil
fuels. The energy sector is of particular importance for the economic and long-term
development of Montenegro, which suffers from the consequences of the payment deficit
caused by energy imports. The installed capacity of power plants participating in the
regulation of the system is 874 MW, of which 649 MW in accumulation hydropower plants
and 225 MW in thermal power plants. The range of available active power at the threshold
of power plants participating in the regulation of the system, depending on regular annual
overhauls or necessary delays due to equipment modernization, ranges from 430 MW
(August) to 848 MW (January, February, March and December). The realized energy
balances of electricity for the past 7 years (period from 2016 to 2022), are presented in Table
2.

Table 2. Energy balance of Montenegro — balance of electricity 2016-2022 (in GWh).

Structure 2016 2017 2018 2019 2020 20212 20223
Hydropower 1,807.2 | 1,033.8 | 2,092 1,621.1 | 1,447.8 | 2,061.3 1,428
plants
Thermopower 1,216.2 1,265 1,444 1,5064 | 1,6154 1,306 1,424
plants
Wind power 0 95 141 293.4 320.1 322.5 333
plants
Solar power 2.2 2.2 23 23 23 2.6 3.78
plants
Total 3,025.6 | 2,396 | 3,679.3 | 3,423.2 | 3,385.6 | 3,692.4 | 3,188.78
production
Import 1,209.8 | 1,536.9 780 1,195.5 | 5,943 N/A N/A
Export 905.9 416.7 976 942.9 5,864 N/A N/A
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Gross energy 303.9 | 1,120.2 -196 252.6 79 -191 97.06
supply

Available 3,329.5 | 3,516.2 | 3,483.3 | 3,675.8 | 3,464.6 | 3,501.4 | 3,285.84
electricity

Consumption in 118 119 133.7 128.7 141 N/A N/A
energy sector

Transmission 540.7 512.2 503 492.9 486.9 496,9 492.7

and distribution
losses

Final energy 2,670.8 | 2,885 2,846.6 | 3,054.2 | 2,836.7 | 3,004.5 | 2,793.1
production

" Data for the period 2016-2021 are official data of Statistical Office, Monstat, Energy,
Electricity balance, https://www.monstat.org/cg/page.php?id=40&pageid=40

" Data for 2022 were taken from the official Energy Balance of Montenegro for 2023,
https://www.gov.me/dokumenta/5fe82480-023b-431a-b8b-57d67098aada

We conclude that the structure of electricity production was quite uneven during the
observed period. However, it is obvious that the most significant production of electricity is
by hydropower plants, except in 2017 and 2020, and that it amounted to a maximum of 59.7%
of the total electricity produced in 2016. The share of thermal power plant (TPP Pljevlja),
was on average at the level of about 35-45% of the total electricity produced. According to
the data for 2022, almost equal share in electricity production were realized from hydropower
plants and from thermal power plant.

In the observed period, Montenegro was mainly import dependent on electricity, except
in 2018 and 2021 when it had a surplus, and these imports varied significantly due to different
circumstances. According to the plan for 2022, the import of electricity is planned at the level
of less than 2% of the total needs. Finally, it should be noted that the total amount of final
energy for consumption is affected, in addition to consumption in the energy sector, by
significant transmission losses.

Previously presented data within the Energy Balance of Montenegro served as a basis for
the projection of electricity production by hydropower plants in the base case scenario - the
scenario "without climate change", as presented in Table 3.

Table 3. Projection of electricity production by hydropower plants in the scenario "without climate
change" (in GWh) *

Year Production of electricity by Year Production of electricity by
hydropower plants (GWh) hydropower plants (GWh)

2025 1.756 2065 2.144

2030 1.800 2070 2.198

2035 1.846 2075 2253

2040 1.892 2080 2310

2045 1.940 2085 2369

2050 1.989 2090 2429

2055 2.040 2095 2.490

2060 2,091 2100 2,565

“reducing the size of the tables in paper was done by omitting a certain number of years
from the series

After the projection of electricity production in hydropower plants, it is necessary to
assess the impact of climate change on this production for different projected time periods,
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as well as for the appropriate climate scenarios. As defined above, four scenarios were

considered:

e  Near future, reduction of electricity production - hydropower plants by 2050 by 5%

. g\ll\ggrl )future, reduction of electricity production -hydropower plants by 2050 by 10%

. g:f il)ljture, reduction of electricity production - hydropower plants by 2100 by 10%

. %Fal:lfil;ture, reduction of electricity production - hydropower plants by 2100 by 15%
FF1).

Calculation of the reduction of electricity production in hydropower plants due to the
effects of climate change was performed on the basis of the previously determined data, as
presented in the Table 4.

Table 4. Projection of reduction of electricity production by hydropower plants, due to the effects of
climate change (in GWh).

Year NF1 NF2 FF1 FF2
2025 9 18 6 9
2030 25 50 18 26
2035 42 84 30 44
2040 60 120 42 62
2045 79 158 55 82
2050 99 199 69 102
2055 84 124
2060 99 147
2065 116 172
2070 133 197
2075 151 224
2080 170 253
2085 190 283
2090 210 315
2095 232 348
2100 257 385
Total 1,369 2,718 8,779 13,077

The reduced amount of electricity produced would have to be offset by imports.
Electricity import prices have varied extremely in the previous period, not only long-term,
but also during, for example, 2021. Montenegrin Electric Company (EPCG) announced that
in 11 months in 2021, it spent twice as much on imports than in the same period last year, i.e.
60 million EUR. EPCG imported almost the same amount of electricity in 2021 and 2020,
but in 2020 the average price was EUR 38 per MWh, while during 2021 the price was EUR
90 per MWh. During the first half of 2022, EPCG imported 664 GWh of electricity, with a
total value of EUR 107.1 million, which represents an amount of about EUR 161 per MWh.
This big jump is mostly a consequence of the current energy crisis.

Prices on European and regional electricity exchanges currently range from 150 EUR per
MWh in Portugal and Spain to 470 EUR per MWh in Italy. Average electricity prices in 2022
in the European markets were around EUR 230 per MWh. However, the companies in charge
of procuring electricity, and thus, EPCG, do not have to procure it, and usually do not do so
on the stock exchanges, but usually announce their tenders for deliveries for several months.
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In these situations, lower prices are obtained than those on the stock exchanges, but if urgent
imports are needed, for a shorter period of time, then prices go up significantly. Prices also
depend on the financial situation of the company and its history of payment or non-payment
of debts.

For further assessment, electricity prices were increased in accordance with projected
growth rates in Europe [130], as presented in Table 5.

Table 5. Projected growth rates in Europe.

2020 —2030 2030 — 2050
2.3% 1.5%

Considering that in Table 4 growth rates are presented until 2050, covering the near future
scenario, the growth rate used for the distant future scenario, until 2100, was calculated in
accordance with the trend from the previous period. Due to the reasons stated above, related
to fluctuations of electricity import prices, it is not possible to determine with certainty its
value as a basis for further calculations (especially in such a long period of observation), so
it was decided to conduct further analysis in three variants. The basic variant of the analysis
would be the existing price of electricity imports for 2022, in the amount of 200 EUR per
MWh. The other two variants would be one higher and one lower (250 and 150 EUR per
MWh, respectively), in order to gain an overview of the future price fluctuations in a certain
way. An estimate of economic damage of reduced electricity production in hydropower
plants, due to the effects of climate change, in the basic variant, is shown in Table 6.

Table 6. Estimate of economic damage of reduced electricity production by hydropower plants, due
to the effects of cli-mate change — basic variant (in EUR).

Year NF1 NF2 FF1 FF2
2025 1,926,445 3,772,658 1,349,857 1,981,112
2030 5,926,917 11,655,527 4,147,564 6,095,857
2035 10,684,160 21,099,084 7,466,835 10,990,063
2040 16,410,827 32,544,796 11,453,998 16,882,794
2045 23,262,130 46,327,211 16,214,560 23,934,123
2050 31,415,655 62,831,309 21,869,027 32,327,230
2055 28,554,912 42,271,542
2060 36,429,002 54,006,289
2065 45,669,924 67,804,526
2070 56,481,025 83,977,678
2075 69,093,637 102,880,672
2080 83,770,746 124,917,740
2085 100,811,132 | 150,548,967
2090 120,554,038 | 180,297,686
2095 143,384,419 | 214,758,821
2100 170,583,343 | 255,875,015
Total 381,055,340 756,926,116 | 4,234,518,719 | 6,315,638,969

Based on the presented data in Table 6, we conclude that elaborated future economic
damage in the water sector of Montenegro due to the effects of climate change could be
significant, especially considering that only the damage due to reduced electricity production
was analyzed and that by including estimate of other damages, this amount could be higher.
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In the near future scenarios, these damages could be around EUR 30 to 60 million per year
in the final year of the observation, which would be cumulatively around EUR 380 to 750
million for the total observed period. In the distant future, these damages in the final years
would be from about 170 to about 255 million EUR per year, so the total amount of these
damages for the total period up to 2100 would be from about 4.2 to 6.3 billion EUR.

Following tables (Tables 7 and 8) show the projections of economic damage of reduced
electricity production in hydropower plants, due to the effects of climate change, in
alternative variants — with lower and higher price.

Table 7. Estimate of economic damage of reduced electricity production by hydropower plants, due

to the effects of cli-mate change — variant with lower price (in EUR).

Year NF1 NF2 FF1 FF2
2025 |y 444834 | 2,829,493 1,012,393 1,485,834
2030 1 4445188 | 8,741,646 | 3,110,673 4,571,893
2035 | 9013120 | 15824313 | 5,600,126 8,242,548
2040 1 15308120 | 24,408,597 | 8,590,498 12,662,095
2045 | 17446598 | 34745400 | 12,160,920 | 17,950,592
2050 | 93561741 | 47123482 | 16,401,770 | 24245423
2055 21,416,184 | 31,703,656
2060 27,321,752 | 40,504,716
2065 34,252,443 | 50,853,394
2070 42,360,769 | 62,983,258
2075 51,820,228 | 77,160,504
2080 62,828,060 | 93,688,305
2085 75,608,349 | 112,911,725
2090 90,415,528 | 135,223,264
2095 107,538,314 | 161,069,116
2100 127,937,507 | 191,906,261
Total | 585791,505 | 567,694,587 | 3,175,889,039 | 4,736,729,227

Table 8. Estimate of economic damage of reduced electricity production by hydropower plants, due

to the effects of climate change — variant with higher price (in EUR).

Year NF1 NF2 FF1 FF2
2025 | 5 408,057 | 4,715,822 1,687,321 2,476,389

2030 | ;408,646 | 14,569409 | 5,184,455 7,619,821

2035 | 43355200 | 26,373,855 | 9,333,544 13,737,579
2040 | 50513,534 | 40,680,995 | 14317497 | 21,103,492
2045 | 29077663 | 57,909,014 | 20,268,200 | 29,917,654
2050 | 39969568 | 78,539,136 | 27,336,284 | 40,409,038
2055 35,693,640 | 52,839,427
2060 45,536,253 | 67,507,861
2065 57,087,405 | 84,755,657
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2070 70,601,282 | 104,972,097
2075 86,367,047 | 128,600,840
2080 104,713,433 | 156,147,175
2085 126,013,915 | 188,186,209
2090 150,692,547 | 225372,107
2095 179,230,524 | 268,448,526
2100 213229179 | 319,843,768
Total | 476319175 | 946,157,644 | 5,293,148,399 | 7,894,548,712

For greater visibility and comparability of climate change impact scenarios, all four
scenarios of total economic damage for the selected 3 variants of electricity prices are
presented in Figure 3.

Total economicdamage (in EUR)

9,000,000,000

8,000,000,000 —
7,000,000,000
6,000,000,000
5,000,000,000
4,000,000,000
3,000,000,000
2,000,000,000 I
1,000,000,000
NF1 NEF2 FF1 FF2
scenario scenario scenario scenario

B Lower price M Current price M Higher price

Fig. 3. Total economic damage for 4 scenarios with different electricity prices.

As presented, the total economic damage of reduced electricity production in hydropower
plants, due to the effects of climate change by 2100, in the case of higher electricity import
prices in the future, could exceed up to almost 8 billion EUR. For a small country, such as
Montenegro, the estimated damage on this basis represents a significant economic loss.

Results of our paper coincide with the results of a large number of conducted studies on
the impact of climate change on hydropower production in Europe. Thus, the research of
Vliet et al. [110] indicated the vulnerability of the European power sector and the impact of
reduced summer river flow on hydropower and thermoelectric power in Europe, with
significant impacts on electricity prices. Lehnera et al. [111] predict a drop-in hydropower
potential of around 6% by 2070, for the whole of Europe.

Sample et al. determined the stronger impact of climate change on the hydropower
potential of Mediterranean Europe or catchments in the Alps was pointed out [116], while
Wagner et al. [117] recently forecasted that in the period 2031-2050. to reduce the average
annual electricity generation of run-of-river plants (up to -8%), for the whole Alpine region,
compared to the period 1961-1990. Also, Turner et al. [113] forecast losses in the total
production of electricity in the range of 5-20%, for the countries of the Balkans, as the most
threatened, while research by Tobin et al. [114] indicate the greater sensitivity of southern
European countries, where the production of hydro and thermal energy can be reduced by up
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to 20%. Similarly, a recent study done for Spain predicts, depending on plants and scenarios,
a reduction of hydropower in that country from 10% to 49% by the end of the century [115].

6 Conclusion

Based on the conducted analysis, we conclude that Montenegro is facing serious challenges
related to the impact of climate change in the water sector. In general, in order to better adapt
Montenegro to climate change in the water sector, certain priority actions can be
recommended that address climate-driven vulnerabilities, in accordance with international
recommendations, at several levels. Many of the options identified are structural or physical
adaptation options. Such options are often referred to as “hard” adaptation options. They
involve on-the-ground physical infrastructure and technical equipment, like additional water
storage capacity or reconstruction of existing water related facilities. Structural adaptation
options also include a variety of ecosystem or nature-based adaptation measures. There are
also a variety of nonstructural (or “soft”) adaptation options. Some of them are applying an
integrated approach to water resources and systems management, and a strengthening of
cross-sector planning and activities, as well as increased public motivation and ensured its
involvement in all phases of planning in the water sector. Improving the efficiency and cost-
effectiveness of water services (nonrevenue water levels have to be lowered by improving
the quality of metering devices and reducing network leakage through sound maintenance
and renewal of assets). This may provide significant contribution to the improvement of the
water sector. In the coming period, we should count on the implementation of sound cost
recovery principles (tariffs may need to be reviewed according to sound cost recovery
principles, especially since the investments to upgrade the existing infrastructure will
generate an increase in operational costs).

Limitations in this paper are related to the categories used to assess economic damage in
the water sector. One of them is related to the projected production of electricity in
hydroelectric plants. Namely, there are many unknowns that can affect the annual production
of hydropower, with the fact that the production itself varied significantly in the observed
years (from 1000 to 2000 GWh), which is not a small variation. However, we believe that
averaging historical data provides a solid basis for reliable projections, and we appreciate
that this is not a significant limitation. Input data on electricity prices, which have recently
changed many times, have a much greater influence on the analysis. Also, their further
movement is unknown, which can be a limitation of the work. Also, the concept of such
analyzes with a time frame up to 2050, i.e. 2100 can be a limitation. This is due to the fact
that it is about long periods of time in which various social, political, economic, and natural
events are possible that can have a significant impact on the results of this analysis. Finally,
the aim of this paper is to assess economic vulnerability in the water sector of Montenegro,
with a focus on electricity production in hydropower plants. Other climate change impacts
were not analyzed and evaluated. However, we believe that the mentioned limitations cannot
dispute the obtained results, but only represent a motive for future research in this very
current and important area.

References

1. Botzen, W.; Duijndam, S.; van Beukering, P. World Dev. 137 (2021)
https://doi.org/10.1016/j.worlddev.2020.105214

2. Kumar, N.; Poonia, V.; Gupta, B.B.; Goyal, M. K. Technol. Forecast. Soc. 165 (2021).
https://doi.org/10.1016/j.techfore.2020.120532

18


https://doi.org/10.1016/j.worlddev.2020.105214
https://doi.org/10.1016/j.techfore.2020.120532

E3S Web of Conferences 452, 04001 (2023) https://doi.org/10.1051/e3sconf/202345204001

IPFA 2023

3. Hoegh-Guldberg, O.; Bruno J.F.; Science. 328, 1523-1528 (2010).
https://doi.org/10.1126/science.1189930

4. Buytaert, W.; Cuesta-Camacho, F.; Tobon, C. Global Ecol. Biogeogr. 20, 19-33
(2011). https://doi.org/10.1111/j.1466-8238.2010.00585.x

5. Brierley, A.S.; Kingsford, M. J.. Curr. Biol. 19, R602-R614 (2009).
https://doi.org/10.1016/j.cub.2009.05.046

6. Amin, M.T.; Mahmoud, S. H.; Alazba, A. A. Environ. Earth Sci. 75 (2016)
https://doi.org/10.1007/s12665-016-5684-4

7. Kanutti, R.; Sedlacek, J. Nat. Clim. Change. 3, 369-373 (2013).
https://doi.org/10.1038/nclimatel1716

8. Chadwick, R.; Boutle, I.; Martin, G. J. Clim., 3803-3822 (2013),
https://doi.org/10.1175/JCLI-D-12-00543.1

9. Liu, W.; Sun, F. J. Hydrometeorol., 977-991 (2017). https://doi.org/10.1175/JHM-D-
16-0204.1

10. Mueller, B.; Seneviratne, S. I. Geophys. Res. Lett. 41, 128—-134 (2014)
https://doi.org/10.1002/2013GL058055

11. Milly, P. C.; Dunne, K. A. Potential evapotranspiration and continental drying. Nat.
Clim. Change. 6, 946-949 (2016), https://doi.org/10.1038/nclimate3046

12. Haddeland, I.; Heinke J.; Biemans H:, Eisner, S.; et.al., Proc. Natl Acad. Sci. 111,
3251-3256 (2014). https://doi.org/10.1073/pnas.1222475110

13. Schewe, J.; Heinke, J.; Gerten, D.; Haddeland, 1.; Arnell, N.W.; et.al., Proc. Natl Acad.
Sci. 111, 3245-3250 (2014). https://doi.org/10.1073/pnas. 1222460110

14. Leone, G.; Pagnozzi, M.; Catani, V.; Ventafridda, G.; Esposito, L.; Fiorillo, F. Stoch.
Env. Res. Risk. Assess. 35, 345-370 (2021). https://doi.org/10.1007/s00477-020-
01908-8

15. Gizzi, M.; Mondani, M.; Taddia, G.; Suozzi, E.; Lo Russo, S. Water 14 (2022).
https://doi.org/10.3390/w14071004

16. Zapata-Sierra, A. J.; Zapata-Castillo, L.; Manzano-Agugliaro, F. Environ. Sci. Eur., 34
(2022). https://doi.org/10.1186/s12302-022-00649-5

17. Ashbolt, N. J. Toxicology198, 229-238. )2004)
https://doi.org/10.1016/j.t0x.2004.01.030

18. Sharma, S.; Nagpal, A.K.; Kaur, I.. Chemosphere 227, 179—-190 (2019)
https://doi.org/10.1016/j.chemosphere.2019.04.009

19. Maddocks, A.; Young, R.S.; Reig, P. Ranking the World’s most Water-Stressed
Countries in 2040, World Resources Institute (Washington, DC, USA, 2015)

20. Rijsberman, F. R. Agric. Water Manag. 80, 5-22 (2006).
https://doi.org/10.1016/j.agwat.2005.07.001

21. Ludwig, F.; Van Schelting, C.T.; Verhagen, J.; van Kruijt, B.; van Ierland, E.; Dellink,
R.; De Bruin, K.; de Bruin, K.; Kabat, P. Climate change impacts on developing
countries-EU accountability. Policy Department Economic and Scientific Policy,
European Parliamentt (2007)

22. Peskett, L.; Grist, N.; Hedger, M.; Lennartz-Walker, T.; Scholz, I. Climate Change

Challenges for EU Development Co-Operation: Emerging Issues. Policy Brief, EDC
2020, 3. Available

online:http://www.edc2020.eu/fileadmin/Textdateien/EDC2020 WP03 ClimateChang
e_online.pdf (accessed on 5 March 2023)

19


https://doi.org/10.1126/science.1189930
https://doi.org/10.1111/j.1466-8238.2010.00585.x
https://doi.org/10.1016/j.cub.2009.05.046
https://doi.org/10.1007/s12665-016-5684-4
https://doi.org/10.1175/JCLI-D-12-00543.1
https://doi.org/10.1002/2013GL058055
https://doi.org/10.1038/nclimate3046
https://www.pnas.org/doi/full/10.1073/pnas.1222460110#con2
https://www.pnas.org/doi/full/10.1073/pnas.1222460110#con3
https://www.pnas.org/doi/full/10.1073/pnas.1222460110#con4
https://www.pnas.org/doi/full/10.1073/pnas.1222460110#con5
https://doi.org/10.1073/pnas.1222460110
https://doi.org/10.1007/s00477-020-01908-8
https://doi.org/10.1007/s00477-020-01908-8
https://doi.org/10.3390/w14071004
https://doi.org/10.1186/s12302-022-00649-5
https://doi.org/10.1016/j.tox.2004.01.030
https://doi.org/10.1016/j.chemosphere.2019.04.009
https://doi.org/10.1016/j.agwat.2005.07.001
http://www.edc2020.eu/fileadmin/Textdateien/EDC2020_WP03_ClimateChange_online.pdf
http://www.edc2020.eu/fileadmin/Textdateien/EDC2020_WP03_ClimateChange_online.pdf

E3S Web of Conferences 452, 04001 (2023) https://doi.org/10.1051/e3sconf/202345204001
IPFA 2023

23. Guan, X.; Zhang, J.; Bao, Z.; Liu, C.; Jin, J.; Wang, G. China. Sci. Total Environ. 798
(2021) https://doi.org/10.1016/].scitotenv.2021.149277

24. Teklay, A.; Dile, Y.T.; Asfaw, D.H.; Bayabil, H.K.; Sisay, K.; Ayalew, A. Dyn.
Atmos. Ocean. 97 (2022). https://doi.org/10.1016/j.dynatmoce.2021.101278

25. Sun, L.; Wang, Y.-Y.; Zhang, J.-Y.; Yang, Q.-L.; Bao, Z.-X.; Guan, X.-X.; Guan, T.-
S.; Chen, X.; Wang, G.-Q. Adv. Clim. Chang. Res. 10, 214-224 (2019).
https://doi.org/10.1016/j.accre.2020.02.002

26. Parajuli, P.B.; Risal, A. Clim. 9 (2021) https://doi.org/10.3390/cli9110165

27. Chen, H.; Zhang, W.; Gao, H.; Nie, N. Remote Sens., 10 (2018).
https://doi.org/10.3390/rs10030356

28. Klingelhofer, D.; Miiller, R.; Braun, M.; Briiggmann, D.; Groneberg, D.A. Environ.
Sci. Eur. 32, 1-21 (2020). https://doi.org/10.1186/s12302-020-00419-1

29. Nesmith, A. A.; Schmitz, C. L.; Machado-Escudero, Y.; Billiot, S.; Forbes, R. A.;
Powers, M. C. F.; Buckhoy, N.; Lawrence, L. A. Climate change, ecology, and justice.
In: The Intersection of Environmental Justice, Climate Change, Community, and the
Ecology of Life. Springer International Publishing, 2021, Cham, 1-12.

30. Besley, T.; Peters, M. A. Educ. Philos. Theory. 2020, 52, 1347—-1357.
https://doi.org/10.1080/00131857.2019.1684804

31. Norval, M.; Cullen, A. P.; de Gruijl, F. R.; Longstreth, J.; Takizawa, Y.; Lucas, R. M.;
Noonan, F. P.; van der Leun, J. C. Photoch. & Photobio. Sci. 2007, 6, 232-251.
https://doi.org/10.1039/b700018a

32. Kinney, P. L. Curr. Environ. Health Rep. 2018, 5, 179-186.
https://doi.org/10.1007/s40572-018-0188-x

33. IPCC — Intergovernmental Panel on Climate Change. Climate change 2001: Impacts,
adaptation and vulnerability. Contribution of working group II to the third assessment
report of the Intergovernmental Panel on Climate Change (IPCC). Cambridge:
Cambridge University Press, 2001. http://dx.doi.org/10.1017/9781009325844.

34. Matondo, J. I. Assessment of impact and adaptation to climate change and variability
on the water sector in Africa. Paper presented at the first African Water Week, 2008,
March 26-28, Tunis.

35. Leary, N.; Burton, I.; Adejuwon, J.; Barros, V.; Batimaa, P.; Biagini, B.; Chinvanno,
S.; Cruz, R.; Dabi, D.; De Comarmond, A.; Dougherty, B.; Dube, P.; Githeko, A.;
Hadid, A.A.; Hellmuth, M.; Kangalawe, R.; Kulkarni, J.; Kumar, M.; Lasco, R.;
Mataki, M.; Medany, M.; Mohsen, M.; Nagy, G.; Njie, M.; Nkomo, J.; Nyong, A.;
Osman, B.; Sanjak, E.; Seiler, R.; Taylor, M.; Travasso, M.; von Maltitz, G.; Wandiga,
S.; Wehbe, M. A stitch in time: General lessons from specific cases. Chapter 1. In:
Leary, N.; Adejuwon, J.; Barros, V.; Burton, I.; Kulkarni, J.; Lasco, R. (Eds.), Climate
change and adaptation, 2008, 1-27, London: Earthscan. Available online:
http://hdl.handle.net/123456789/1677 (accessed on 1 March 2023)

36. Kangalawe, R. Y. M. Clim. Dev. 2016, 191-201
http://dx.doi.org/10.1080/17565529.2016.1139487

37. Feldbauer, J.; Kneis, D.; Hegewald, T.; Berendonk, T.U.; Petzoldt, Environ. Sci. Eur.
2020, 32, 1-17.

38. IPCC (2018). Summary for policymakers. In: Masson-Delmotte, V.; Zhai, P.; Portner,
H.-O.; Roberts, D.; Skea, J.; Shukla, P.R.; Pirani, A.; Moufouma-Okia, W.; Péan, C.;
Pidcock, R.; Connors, S.; Matthews, J.B.R.; Chen, Y.; Zhou, X.; Gomis, M.1.; Lonnoy,
E.; Maycock, T.; Tignor, M.; Waterfieldet, T. (eds) Global Warming of 1.5 °C. An

20


https://doi.org/10.1016/j.scitotenv.2021.149277
https://doi.org/10.1016/j.dynatmoce.2021.101278
https://doi.org/10.1016/j.accre.2020.02.002
https://doi.org/10.3390/cli9110165
https://doi.org/10.3390/rs10030356
https://doi.org/10.1186/s12302-020-00419-1
https://doi.org/10.1080/00131857.2019.1684804
https://doi.org/10.1039/b700018a
https://doi.org/10.1007/s40572-018-0188-x
http://dx.doi.org/10.1017/9781009325844
http://hdl.handle.net/123456789/1677

E3S Web of Conferences 452, 04001 (2023) https://doi.org/10.1051/e3sconf/202345204001

IPFA 2023

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.
52.

IPCC Special Report on the impacts of global warming of 1.5 °C above pre-industrial
levels and related global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate change, sustainable
development, and efforts to eradicate poverty. Cambridge University Press,
Cambridge, UK and New York, NY, USA, pp. 3-24.

IPCC (2014). Climate change 2014: Impacts, adaptation, and vulnerability. Part A:
Global and Sectoral Aspects. Contribution of working group II to the fifth assessment
report of the Intergovernmental Panel on Climate Change. [Field, D.B.; Barros, V.R.;
Dokken, D.J.; Mach, K.J.; Mastrandrea, M.D.; Bilir, T.E.; Chatterjee, M.; Ebi, K.L.;
Estrada, Y.O.; Genova, R.C.; Girma, B.; Kissel, E.S; Levy, A.N.; MacCracken, S.;
Mastrandrea, P.R.; White, L.L. (Eds.)]. Cambridge, United Kingdom: Cambridge
University Press, 2014.

Versinia, P. A.; Pougetc, L.; McEnnisd, S.; Custodioe E.; Escale, 1. Hydrolog. Sci. J.
2016, 61, 2496-2508. http://dx.doi.org/10.1080/02626667.2016.1154556

Ma, B.; Hu, C.; Zhang, J.; Ulbricht, M.; Panglisch, S. ACS ES&T Water. 2022, 2,
259-261. https://doi.org/10.1021/acsestwater.2¢00004

Bierkens, M. F. P. Water Resour. Res. 2015, 51, 4923-4947.
https://doi.org/10.1002/2015WR017173

Mehran, A.; AghaKouchak, A.; Nakhjiri, N.; Stewardson, M. J.; Peel, M. C.; Phillips,
T. J.; Wada, Y.; Ravalico, J. K. Sci. Rep. 2017, 7, 6282.
https://doi.org/10.1038/s41598-017-06765-0

Houghton, J.T.; Meira Filho, L.G.; Callander, B.A.; Harris, N.; Kattenberg, A.;
Maskell. K. eds, 1996, Climate Change 1995: The Science of Climate Change.
Cambridge University Press, New York, 1996.

WMO: Water resources and climatic change: sensitivity of water resources systems to
climate change and variability. Geneva: WMO, 1987.

IPCC — Intergovernmental Panel on Climate Change. Climate Change and Water.
Cambridge and New York: Cambridge University Press, 2008. Available online:
https://www.ipcc.ch/site/assets/uploads/2018/03/climate-change-water-en.pdf
(accessed on 27 February 2023)

IPCC — Intergovernmental Panel on Climate Change. Climate Change 2013: The
Physical Science Basis. Cambridge and New York: Cambridge University Press, 2013.
Available online:

https://www.ipcc.ch/site/assets/uploads/2018/03/WG1ARS SummaryVolume FINAL.
pdf (accessed on 2 March 2023)

IPCC — Intergovernmental Panel on Climate Change. Climate Change 2021: The
Physical Science Basis. Cambridge and New York: Cambridge University Press, 2021.
Available online: https://report.ipcc.ch/ar6/wgl/IPCC AR6 WGI FullReport.pdf
(accessed on 12 March 2023)

Praskievicz, S.; Chang, H. Phys. Geogr. 2009, 30, 324-337.
http://dx.doi.org/10.2747/0272-3646.30.4.324

Alkama, R.; Kageyama, M.; Ramstein, G. J. Geophys. Res. Atmos. 2010, 115.
https://doi.org/10.1029/2009JD013408

Chang, H.; Praskievicz, S.; Parandvash, H. Int. J. Geosp. Environ. Res. 2014, 1, 1-19.
Hanasaki, N.; Fujimori, S.; Yamamoto, T.; Yoshikawa, S.; Masaki, Y.; Hijioka, Y.;
Kainuma, M.; Kanamori, Y.; Masui, T.; Takahashi, K.; Kanae, S. Hydrol. Earth Syst.
Sc. 2013, 17, 2393-2413. https://doi.org/10.5194/hess-17-2393-2013

21


http://dx.doi.org/10.1080/02626667.2016.1154556
https://doi.org/10.1021/acsestwater.2c00004
https://doi.org/10.1002/2015WR017173
https://doi.org/10.1038/s41598-017-06765-0
https://www.ipcc.ch/site/assets/uploads/2018/03/climate-change-water-en.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/WG1AR5_SummaryVolume_FINAL.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/WG1AR5_SummaryVolume_FINAL.pdf
https://report.ipcc.ch/ar6/wg1/IPCC_AR6_WGI_FullReport.pdf
http://dx.doi.org/10.2747/0272-3646.30.4.324

E3S Web of Conferences 452, 04001 (2023) https://doi.org/10.1051/e3sconf/202345204001

IPFA 2023

53. Cramer, W.; Yohe, G.; Auffhammer, M.; Huggel, C.; Leemans, R.; Clim. Change
2014, 6, 13-36. https://doi.org/10.1017/CB0O9781107415379.005.

54. Brekke, L.D.; Kiang, J.E.; Olsen, J.R.; Pulwarty, R.S.; Raff, D.A.; Turnipseed, D.P.;
Webb, R.S.; White, K.D. Climate change and water resources management—A federal
244 perspective. U.S. Geol. Survey Circ. 2009, 1331.

55. Schnorbus, M.; Werner, A.; Bennett, K.; Hydrol. Proc. 2014, 28, 1170-1189.
https://doi.org/10.1002/hyp.v28.3

56. Ducharne, A.; Habets, F.; Pagé, C.; Sauquet, E.; Viennot, P.; Déqué, M.; Gascoin, S.;
Hachour, A.; Martin, E.; Oudin, L.; Terray, L. Climate change impacts on water
resources and hydrological extremes in northern France. XVIII International
Conference on Water Resources, 21-24 June 2010, Barcelona, Spain, 2010.

57. Lenderink, G.; Buishand, A.; Van Deursen, W. Hydrol. Earth Syst.Sc. 2007, 11, 1145-
1159. https://doi.org/10.5194/hess-11-1145- 2007.

58. World Bank. Renewable internal freshwater resources per capita (cubic meters).
Available online: https://data.worldbank.org/indicator/ER.H20O.INTR.PC (accessed on
5 March 2023)

59. World Health Organization. Drinking Water. Fact Sheet, 2016. Available online:
https://reliefweb.int/report/world/drinking-water-fact-sheet-reviewed-november-2016
(accessed on 1 March 2023)

60. Al-Zubari, W.K.; El-Sadek, A.A.; Al-Aradi, M.J.; Al-Mahal, H.A. Clim. Risk Manag.
2018, 20, 95-110. https://doi.org/10.1016/j.crm.2018.02.002.

61. Vorosmarty, C.J.; Green, P.; Salisbury, J.; Lammers, R.B. Science 2000, 289, 284-288.
https://doi.org/10.1126/science.289.5477.284

62. Arnell, N.W.; Lloyd-Hughes, B. Clim. Change 2014, 122, 127-140.
https://doi.org/10.1007/s10584-013-0948-4

63. Alcamo, J.; Martina, F.; Michael, M. Int. Assoc. Sci. Hydrol. Bullet. 2007, 52, 247—
275. https://doi.org/10.1623/hysj.52.2.247

64. Gerten, D.; Heinke, J.; Hoff, H.; Biemans, H.; Fader, M.; Waha, K. J. Hydrometeorol.
2011, 12, 885-899. https://doi.org/10.1175/2011JHM1328.1

65. IPCC. Climate Change 2014: Synthesis Report. Contribution of Working Groups I, I1
and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change. IPCC: Geneva, Switzerland, 2014; pp. 1-151.

66. Tucker, J.; Daoud, M.; Oates, N.; Few, R.; Conway, D.; Mtisi, S.; Matheson, S. Reg.
Environ. Chang. 2015, 15, 783-800. https://doi.org/10.1007/s10113-014-0741-6

67. Gosling, S.N.; Arnell, N.W. Clim. Change 2016, 134, 371-385.
https://doi.org/10.1007/s10584-013-0853-x

68. Islam, M. J. Econ. Cult. Soc. 2022, 66, 163-179. https://doi.org/10.26650/JECS2021-
1056971

69. Andrade, L.; O’Dwyer, J.; O’Neill, E.; Hynds, P. Environ. Pollut. 2018, 236, 540-549.
https://doi.org/10.1016/j.envpol.2018.01.104

70. Tong, S.; Ebi, K. Environ. Res. 2019, 174, 9-13.
https://doi.org/10.1016/j.envres.2019.04.012

71. Abedin, M.A.; Collins, A.E.; Habiba, U.; Shaw, R. Int. J. Disaster Risk Sci. 2019, 10,
28-42. http://dx.doi.org/10.1007/s13753-018-0211-8

72. Vineis, P.; Chan, Q.; Khan, A. J. Epidem. Glob. Health. 2011, 1, 5-10.

https://doi.org/10.1016/j.jegh.2011.09.001

22


https://doi.org/10.1002/hyp.v28.3
https://data.worldbank.org/indicator/ER.H2O.INTR.PC
https://reliefweb.int/report/world/drinking-water-fact-sheet-reviewed-november-2016
https://doi.org/10.1007/s10584-013-0948-4
https://doi.org/10.1623/hysj.52.2.247
https://doi.org/10.1175/2011JHM1328.1
https://doi.org/10.1007/s10113-014-0741-6
https://www.acarindex.com/search?q=Mozharul%20ISLAM&type=article&area=yazar
https://doi.org/10.26650/JECS2021-1056971
https://doi.org/10.26650/JECS2021-1056971
https://doi.org/10.1016/j.envpol.2018.01.104
https://doi.org/10.1016/j.envres.2019.04.012
http://dx.doi.org/10.1007/s13753-018-0211-8
https://doi.org/10.1016/j.jegh.2011.09.001

E3S Web of Conferences 452, 04001 (2023) https://doi.org/10.1051/e3sconf/202345204001

IPFA 2023

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

World Health Organization. Water, Sanitation and Hygiene Links to Health, Facts and
Figures. World Health Organization: Geneva, Switzerland, 2004. Available online:
https://apps.who.int/iris/bitstream/handle/10665/69489/factsfigures 2004 _eng.pdf?seq
uence=1&isAllowed=y (accessed on 9 March 2023)

Ahmed, T.; Zounemat-Kermani, M.; Scholz, M. Int. J. Environ. Res. Public Health.
2020, 17. https://doi.org/10.3390/ijerph 17228518

Cissé, G. Acta Trop. 2019, 194, 181-188.
https://doi.org/10.1016/j.actatropica.2019.03.012

Thornton, P.K.; Ericksen, P.J.; Herrero, M.; Challinor, A.J. Glob. Chang. Biol. 2014,
20, 13-28. https://doi.org/10.1111/gcb.12581

Lal, M.; Whetton, P.H.; Pittock, A.B.; Chakraborty, B. Atmosph. Ocean Sci. 1998, 9,
673-690.

Shawul, A.A.; Chakma, S. Theor. Appl. Climatol. 2020, 140, 635-652.
https://doi.org/10.1007/s00704-020-03112-8

Mandal, T.; Das, J.; Sakiur Rahman, A. T. M.; Saha, P. Rainfall insight in Bangladesh
and India: Climate Change and Environmental Perspective, In book: Habitat, Ecology
and Ekistics, Advances in Asian Human-Environmental Research: case studies of
human-environment interactions in India, Rukhsana, Haldar, A.; Alam, A.; Satpati, L.
(Ed.), Springer, 2021, 53-74. http://dx.doi.org/10.1007/978-3-030-49115-4 3
Kareem, S.L.; Al-Mamoori, S.K.; Al-Maliki, L.A.; Al-Dulaimi, M.Q.; Al-Ansari, N.;
Fegade, S.L. Al-Naja city as a case study, Cogent Eng. 2021, 8.
https://doi.org/10.1080/23311916.2020.1863171

Das, J.; Goyal, M.K. Current trends and projections of water resources under climate
change in Ganga river basin. In: Chauhan MS, Ojha CSP (eds) the Ganga River basin:
a hydrometeorological approach. Publisher: Springer, 2021, 233-256.
https://doi.org/10.1007/978-3-030-60869-9_16

Kulp, S.A.; Strauss, B.H. Nat. Commun. 2019, 10. https://doi.org/10.1038/s41467-019-
12808-z

Sivakumar, B. Stoch. Environ. Res. Risk. Assess. 2011, 25, 583—-600.
http://dx.doi.org/10.1007/s00477-010-0423-y

Wang, G.; Zhang, J.; He, R.; Liu, C.; Ma, T.; Bao, Z.; Liu, Y. Stoch. Environ. Res.
Risk. Assess. 2016, 31, 1011-1021. https://doi.org/10.1007/s00477-016-1218-6.
Wang, Y.; Xie, Z.; Jia, B.; Wang, L.; Li, R.; Liu, B.; Chen, S.; Xie, J.; Qin, P. J.
Geophys. Res. Atmos. 2020, 125. https://doi.org/10.1029/2019JD032001

Konapala, G.; Mishra, A.K.; Wada, Y.; Mann M. E. Nat. Commun., 2020, 11, 3044.
https://doi.org/10.1038/s41467-020-16757-w

Salimi, S.; Almuktar, S.A.A.A.N.; Scholz, M. J. Environ. Manage. 2021, 286.
https://doi.org/10.1016/j.jenvman.2021.112160

Arnell, N.; Halliday, S.; Battarbee, R. W.; Skeffington, R.; Wade, A. Prog. Phys. Geog.
2015, 39. https://doi.org/10.1177/0309133314560369

Kiguchi, M.; Takata, K.; Hanasaki, N.; Archevarahuprok, B.; Champathong, A.;
Ikoma, E.; Jaikaeo, Ch.; Kaewrueng, S.; Kanae, Sh.; Kazama, S. Environ. Res. Lett.
2020, 16. https://doi.org/10.1088/1748-9326/abce80

Kuthe, A.; Keller, L.; Korfgen, A.; Stotter, H. J. Environ. Educ. 2019, 50, 172—182.
https://doi.org/10.1080/00958964.2019.1598927

Cannon, C.; Gotham, K. F.; Lauve-Moon, K.; Powers, B. Clim. Risk Manag. 2020, 27.
https://doi.org/10.1016/j.crm.2019.100210.

23


https://apps.who.int/iris/bitstream/handle/10665/69489/factsfigures_2004_eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/69489/factsfigures_2004_eng.pdf?sequence=1&isAllowed=y
https://doi.org/10.3390/ijerph17228518
https://doi.org/10.1016/j.actatropica.2019.03.012
https://doi.org/10.1111/gcb.12581
https://doi.org/10.1007/s00704-020-03112-8
http://dx.doi.org/10.1007/978-3-030-49115-4_3
https://www.tandfonline.com/author/Al-Mamoori%2C+Sohaib+K
https://doi.org/10.1080/23311916.2020.1863171
https://doi.org/10.1007/978-3-030-60869-9_16
http://dx.doi.org/10.1007/s00477-010-0423-y
https://doi.org/10.1007/s00477-016-1218-6
https://doi.org/10.1029/2019JD032001
https://doi.org/10.1016/j.jenvman.2021.112160
https://doi.org/10.1088/1748-9326/abce80
https://doi.org/10.1080/00958964.2019.1598927
https://doi.org/10.1016/j.crm.2019.100210

E3S Web of Conferences 452, 04001 (2023) https://doi.org/10.1051/e3sconf/202345204001
IPFA 2023

92. Al-Maliki, L.A.; Al-Mamoori, S.K.; Jasim, I.A.; El-Tawel, K.; Al-Ansari, N.. Arab. J.
Geosci 2022, 15, 503. https://doi.org/10.1007/s12517-022-09695-y

93. Paerregaard, K.. Environ. Commun. 2020, 14, 112—125.
https://doi.org/10.1080/17524032.2019.1626754

94. Frederick, K.D.; Schwarz, G.E. J. Am. Water Resour. Assoc. 1999, 35, 1563—1583.
https://doi.org/10.1111/j.1752-1688.1999.tb04238.x

95. Hurd, B.; Callaway, M.; Smith, J.B.; Kirshen, P. Economic effects of climate change
on U.S. water resources. Chapter 6. In: Mendelsohn R, Neumann JE (eds) The impact
of climate change on the United States economy. Cambridge University Press,
Cambridge. 1999, 133-177. https://doi.org/10.1017/CB0O9780511573149

96. Booker, J.F. Water Resour. Bull. 1995, 31, 889-906. https://doi.org/10.1111/.1752-
1688.1995.tb03409.x

97. Cai, X.; Rosegrant, M. Water Resour. Res. 2004, 40.
https://doi.org/10.1029/2003WR002488

98. Cai, X.; Ringler, C.; Rosegrant, M. Modeling Water Resources Management at the
Basin Level: Methodology and Application to the Maipo River Basin; International
Food Policy Research Institute: Washington, DC, USA, 2006.
http://dx.doi.org/10.2499/0896291529RR 149

99. Du, P.; Xu, M.; Li, R. Peer J. 2021, 9. https://doi.org/10.7717/peerj.12201.

100.Hoekstra, A. Y. Chapter 7 - The Water Footprint of Industry, Editor(s): Klemes, J.J.
Assessing and Measuring Environmental Impact and Sustainability, Butterworth-
Heinemann. 2015, 221-254. https://doi.org/10.1016/B978-0-12-799968-5.00007-5

101.Hoekstra, A.Y.; Mekonnen, M.M. Proc. Natl Acad. Sci. USA. 2012, 109, 3232-3237.
https://doi.org/10.1073/pnas.1109936109

102.Dolan F.; Lamontagne J.; Link R.; Hejazi, M.; Reed, P.; Edmonds, J. Nat. Comm.
2021, 12. https://doi.org/10.1038/s41467-021-22194-0

103.Papakostas, K.; Mavromatis, T.; Kyriakis, N. Renew. Energy. 2010, 35, 1376-1379.
https://doi.org/10.1016/j.renene.2009.11.012

104.Watson, R.T.; Zinyowera, M.C.; Moss, R.H. (Eds.), 1997. The regional impacts of
climate change: an assessment of vulnerability, A special report of the IPCC Working
Group III, Cambridge University Press, Environment and Development Economics,
1998. Available online: https://www.ipcc.ch/site/assets/uploads/2020/11/The-Regional-
Impact.pdf (accessed on 9 March 2023)

105.Arnell, N.W. Global Environmental Change. 1999, 9, 5-23.
https://doi.org/10.1016/S0959-3780(98)00015-6

106.Parry, M. L. (ed.). Assessment of the Potential Effects and Adaptations for Climate
Change in Europe: The Europe ACACIA Project. Jackson Environment Institute,
University of East Anglia, Norwich, UK, 2000, 1-320.

107.Henrichs, T.; Lehner, B.; Alcamo, J. Integrated Assessment. 2002, 3, 15-29.
https://doi.org/10.1076/iaij.3.1.15.7406

108.Lehner, B.; Déll, P.; Alcamo, J. et al. Climatic Change. 2006, 75, 273— 299.
http://dx.doi.org/10.1007/s10584-006-6338-4

109.Van Vliet, M.; Wiberg, D.; Leduc, S.; Riahi, K. Nature Clim. Change. 2016, 6, 375—
380. https://doi.org/10.1038/nclimate2903

110.Van Vliet, M.T.H.; Vogele, S.; Riibbelke, D. Environ. Res. Lett. 2013, 8.

24


https://doi.org/10.1080/17524032.2019.1626754
https://doi.org/10.1111/j.1752-1688.1999.tb04238.x
https://doi.org/10.1017/CBO9780511573149
https://doi.org/10.1111/j.1752-1688.1995.tb03409.x
https://doi.org/10.1111/j.1752-1688.1995.tb03409.x
https://doi.org/10.1029/2003WR002488
http://dx.doi.org/10.2499/0896291529RR149
https://doi.org/10.7717/peerj.12201
https://doi.org/10.1016/B978-0-12-799968-5.00007-5
https://doi.org/10.1073/pnas.1109936109
https://doi.org/10.1016/j.renene.2009.11.012
https://www.ipcc.ch/site/assets/uploads/2020/11/The-Regional-Impact.pdf
https://www.ipcc.ch/site/assets/uploads/2020/11/The-Regional-Impact.pdf
https://doi.org/10.1016/S0959-3780(98)00015-6
https://doi.org/10.1076/iaij.3.1.15.7406
http://dx.doi.org/10.1007/s10584-006-6338-4

E3S Web of Conferences 452, 04001 (2023) https://doi.org/10.1051/e3sconf/202345204001
IPFA 2023

111.Lehnera, B.; Czischb, G.; Vassoloa, S. Energ. Policy. 2005, 33, 839-855.
https://doi.org/10.1016/j.enpol.2003.10.018

112.Schaeffer, R.; Szklo, A.S.; Pereira de Lucena, A.F.; Moreira Cesar Borba, B.S.; Pupo
Nogueira, L.P.; Fleming, F.P.; Troccoli, A.; Harrison, M.; Boulahya, M.S.
EEnergy. 2012, 38, 1-12. https://doi.org/10.1016/j.energy.2011.11.056

113.Turner, S.W.D.; Ng, J.Y.; Galelli, S. Sci. Total Environ. 2017, 590-591, 663—675.
https://doi.org/10.1016/j.scitotenv.2017.03.022

114.Tobin, L.; Greuell, W.; Jerez, S.; Ludwig, F.; Vautard, R.; Van Vliet, M.T.H.; Breon,
F.M.. Environ. Res. Lett. 2018, 13.

115.Solaun, K.; Cerda, E. Energies. 2017, 10. https://doi.org/10.3390/en10091343

116.Sample, J.E.; Duncan, N.; Ferguson, M,; Cooksley, S. Renew. Sust. Energ. Rev. 2015,
52, 111-122. https://doi.org/10.1016/j.rser.2015.07.071

117.Wagner, T.; ThemeBl, M.; Schiippel, A.; Gobiet, A.; Stigler, H.; Birk, S. . Environ.
Earth Sci. 2017, 76, 4. https://doi.org/10.1007/s12665-016-6318-6

118.Hamududu, B.; Killingtveit, A. Energies. 2012, 5, 305-
322. https://doi.org/10.3390/en5020305

119.Tarroja, B.; AghaKouchak, A.; Samuelsen, S. Energy. 2016, 111, 295-305.
https://doi.org/10.1016/j.energy.2016.05.131

120.Burié, D.; Doderovi¢, M. Int. J. Climatol. 2021, 41. https://doi.org/10.1002/joc.6671

121.Montenegro Third National Communication on Climate Change, Ministry of
Sustainable Development and Tourism (MSDT), United Nations Development
Programme (UNDP) in Montenegro. 2020. Available online:
https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/859601
2_Montenegro-NC3-1-TNC%20-%20MNE.pdf (accessed on 2 March 2023)

122.Tosi¢, R.; Lovri¢ N.; Dragicevic, S.; Manojlovi¢ S. ] Carpathian J. Earth Environ. Sci.
2018, 13, 369 — 382. http://dx.doi.org/10.26471/cjees/2018/013/032

123.EM-DAT, The International Disaster Database, 2019. Available online:
https://www.emdat.be/database (accessed on 12 March 2023)

124.Food and Agriculture Organization of the United Nations. FAO Publications, 2015.
Available online: https:/www.fao.org/3/i5056¢/i5056¢.pdf (accessed on 10 March
2023)

125.Ministry of Sustainable Development and Tourism and United Nations Development
Programme. Montenegro Third National Communication on Climate Change, 2020.
Available online:
https://www4.unfcce.int/sites/SubmissionsStaging/NationalReports/Documents/859601
2_Montenegro-NC3-1-TNC%20-%20MNE.pdf (accessed on 2 March 2023)

126.Intergovernmental Panel on Climate Change. IPCC Special Report Emissions, WMO
and UNEP, 2000. https://www.ipcc.ch/site/assets/uploads/2018/03/sres-en.pdf

127.Callaway, J. M.; Kasc¢elan, S.; Markovi¢, M. The Economic Impacts of Climate
Change in Montenegro: A First Look. Prepared for the Office of UNDP Montenegro.
2010. https://www.undp.org/montenegro/publications/economic-impact-climate-
change-montenegro (accessed on 3 March 2023)

128.Swiss Re Institute. The Economics of Climate Change: No Action not an Option. 2021.
Available online: https://www.swissre.com/dam/jcr:e73ee7c3-7{83-4¢17-a2b8-
8ef23a8d3312/swiss-re-institute-expertise-publication-economics-of-climate-
change.pdf (accessed on 5 March 2023)

25


https://doi.org/10.1016/j.enpol.2003.10.018
https://doi.org/10.1016/j.energy.2011.11.056
https://doi.org/10.1016/j.scitotenv.2017.03.022
https://doi.org/10.3390/en10091343
https://doi.org/10.1016/j.rser.2015.07.071
https://doi.org/10.1007/s12665-016-6318-6
https://doi.org/10.3390/en5020305
https://doi.org/10.1016/j.energy.2016.05.131
https://doi.org/10.1002/joc.6671
https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/8596012_Montenegro-NC3-1-TNC%20-%20MNE.pdf
https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/8596012_Montenegro-NC3-1-TNC%20-%20MNE.pdf
http://dx.doi.org/10.26471/cjees/2018/013/032
https://www.emdat.be/database
https://www.fao.org/3/i5056e/i5056e.pdf
https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/8596012_Montenegro-NC3-1-TNC%20-%20MNE.pdf
https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/8596012_Montenegro-NC3-1-TNC%20-%20MNE.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/sres-en.pdf
https://www.undp.org/montenegro/publications/economic-impact-climate-change-montenegro
https://www.undp.org/montenegro/publications/economic-impact-climate-change-montenegro
https://www.swissre.com/dam/jcr:e73ee7c3-7f83-4c17-a2b8-8ef23a8d3312/swiss-re-institute-expertise-publication-economics-of-climate-change.pdf
https://www.swissre.com/dam/jcr:e73ee7c3-7f83-4c17-a2b8-8ef23a8d3312/swiss-re-institute-expertise-publication-economics-of-climate-change.pdf
https://www.swissre.com/dam/jcr:e73ee7c3-7f83-4c17-a2b8-8ef23a8d3312/swiss-re-institute-expertise-publication-economics-of-climate-change.pdf

E3S Web of Conferences 452, 04001 (2023) https://doi.org/10.1051/e3sconf/202345204001
IPFA 2023

129.Kahn, M.E.; Mohaddes, K.; Ryan, N. C. Ng.; Pesaran, M.H.; Raissi, M.; Yang, J.C.
Long-Term Macroeconomic Effects of Climate Change: A Cross-Country Analysis,
International Monetary Fund, 2019. Available online:
https://www.imf.org/en/Publications/WP/Issues/2019/10/11/Long-Term-
Macroeconomic-Effects-of-Climate-Change-A-Cross-Country-Analysis-48691
(accessed on 5 March 2023)

130.World Energy Outlook 2021, International Energy Agency. 2021. Available online:

https://iea.blob.core.windows.net/assets/4ed140c1-c3f3-4fd9-acae-
789a4e14a23c/WorldEnergyOutlook2021.pdf (accessed on 7 March 2023)

26


https://www.imf.org/en/Publications/WP/Issues/2019/10/11/Long-Term-Macroeconomic-Effects-of-Climate-Change-A-Cross-Country-Analysis-48691
https://www.imf.org/en/Publications/WP/Issues/2019/10/11/Long-Term-Macroeconomic-Effects-of-Climate-Change-A-Cross-Country-Analysis-48691
https://iea.blob.core.windows.net/assets/4ed140c1-c3f3-4fd9-acae-789a4e14a23c/WorldEnergyOutlook2021.pdf
https://iea.blob.core.windows.net/assets/4ed140c1-c3f3-4fd9-acae-789a4e14a23c/WorldEnergyOutlook2021.pdf

	1 Introduction
	2 National circumstances relating to water sector and climate change impacts in Montenegro - overview
	3 Data and methodology
	4 Analysis and results: economic vulnerability assessment in water sector of Montenegro with a focus on electricity production in hydropower plants
	6 Conclusion
	References

