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SUMMARY

Water resources of Ukraine are unevenly distributed across the country. The greatest shortage
of water resources is observed in the southern regions of Ukraine, where the availability of
local water resources is extremely low (0.14-0.72 thousand m® per person per year). The
availability of water resources is a significant limiting factor in the economic development of
this region. That is why, in order to overcome water hunger and meet the needs of
agriculture, industry, and energy, the Kakhovka reservoir on the Dnipro, the largest in
Ukraine, was built with a water volume of 18.2 km>. For a long time, only climate changes
were the main destabilizing factor in the development of the water sector in this region. But
in June 2023, Russian occupying forces destroyed the Kakhov reservoir, which was used as a
weapon against Ukraine. There has been a complete destabilization of the functioning of not
only the water sector, but also the most important branches of the region's economy, the
social sphere, and enormous damage has been caused to the environment. The issue of water
availability in this region arises in the new situation that has developed. In this study, an
attempt was made to obtain preliminary quantitative estimates of the water resources of the
region, taking into account the consequences of the destruction of the reservoir and the
impact of climate change.
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Introduction

Water resources of Ukraine are an extremely important and at the same time very vulnerable natural
resource. This is due to several reasons. First of all, 97% of the country's water resources are surface
water, actually river runoff, which is characterized by seasonal and multi-year variability, it is not a
stable quantity, it largely depends on climate change (Snizhko et al., 2020, 2020a, 2022, 2023;
Shevchenko et al., 2022). Secondly, the dominant part of water resources (68%) used by Ukraine is
formed outside its borders (external flow). Thirdly, water resources are unevenly distributed across
the country, their availability is highly variable and extremely low in most of the country (less than
1,000 m? per capita per year). The worst situation occurred in the south and southeast of the country,
where water availability is estimated at 0.14—0.72 thousand m3 per person per year).The water stress
index according to the World Resources Institute data (World Resources Institute, 2023) is very high
in the South and Southeast of Ukraine (40-80%), and in places even higher, at over 80% (Donetsk-
Mariupol industrial region).

The creation of a cascade of reservoirs on the Dnipro River, especially the largest of them -
Kakhovka, made it possible to create the necessary water reserves in this region for the development
of irrigated agriculture, industry, energy and water supply of settlements. However, on June 6, 2023,
the Russian occupiers blew up the Kakhovka HPP dam, committing a crime that falls under the
Geneva Convention and is considered a crime against humanity. According to InformNapalm's
OSINT researchers (The occupiers blew up the Kakhovka..., 2023), the environmental and economic
consequences of the destruction of the Kakhovka HPP for Ukraine can be compared to the
consequences of using tactical nuclear weapons of 5-10 kilotons. The destruction of the Kakhovka
HPP dam led to the emptying of the Kakhovka Reservoir, the largest in Ukraine, and the loss of
almost 10% of its water resources. In this study, an attempt was made to assess the availability of
water resources in the region after the destruction of the reservoir based on the analysis of the water
balance of the Dnipro River in the Kakhovskaya hydroelectric power plant and taking into account the
impact of climate change.

Method and Data

The research methodology is based on the collection, processing, and interpretation of information on
water resources and their use from Ukrainian and international databases, on the the authors’ research
on the impact of climate change on water resources and assessment of the consequences of the
Kakhovka reservoir destruction for the water sector of southern Ukraine.

The research used the Global Runoff Data Centre database (GRDC,2023) and partial runoff data from
the Boris Sreznevsky Central Geophysical Observatory in Ukraine, World Bank data on the state of
water resources (The World Bank Group, 2020), World Resources Institute data (World Resources
Institute, 2023), data from the State Cadastre of Ukraine on the use of water resources (Open data
portal, 2022), and informational and analytical data from annual reports by state institutions on the
state and use of water resources in Ukraine.

To assess future changes in the water flow of the largest river basins of Ukraine, we used the regional
results of the global hydrological model WaterGAP2 as a reference. This model was — among a
variety of applied global models - the best-performing for that region. It is driven by bias-corrected
GCM projections from the ISIMIP project (HadGEM2-ES, MIROCS, IPSL-CM5A-LR, and GFDL-
ESM2M) under the RCP 2.6 and RCP 8.5 scenarios (Didovets et al., 2020). The spatial resolution is
0.5 x 0.5 ¢, and the time series were divided into two parts: historical simulations (1861-2005) and
projections considering greenhouse gas emissions covering the period 2006-2099.

Results

To assess the availability of water resources after the destruction of the Kakhov reservoir, the
structure of the water balance, developed by the State Agency of Water Resources of Ukraine (Water
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management balances..., 2019) was considered for years with different runoff availability - medium
(50% runoff availability) and low water (75% and 95% runoff availability) taking into account
possible changes associated with the new hydrological situation. It was established that in the
calculated balance of the reservoir before its destruction, the total component of the cost items of the
balance in a year of average water flow (50% runoff availability) not exceed 50—60%, in a year of
75% runoff availability is increased in some months to 70-80%, in a year of 95% runoff availability is
in February, September and December costs reach 80-90%. The expenditure part of the balance sheet
considers the withdrawal of water from the reservoir, the transfer of part of the runoff outside the
boundaries of the water management area, the costs of evaporation and filtration from the reservoir, as
well as the minimum ecological runoff, which in February and December, on the eve of the next
spring flood, is quite significant. That is, under the condition of an operating reservoir, water
resources are sufficient for all necessary water management needs and ecological runoff, regardless of
the water level of the hydrological year.

It is clear that after the loss of the reservoir, the value of the incoming part of the balance, which is
regulated by the inflow of water from the Dnipro reservoir, will not change. Moreover, the amount of
water that was previously spent on evaporation and filtration (about 10% of the incoming each year)
will be saved in the incoming part of the balance and will become available for use. This amounts to
4.2 km3 of water for an average hydrological year (50% runoff availability), 3.4 km3 for a low-water
year of 75% runoff availability, 2.8 km3 for a low-water year of 95% runoff availability. If we
compare the monthly calculated volumes of water inflow (Water management balances..., 2019) into
the reservoir in years of average water and in years of low water (50%, 75% and 95% of runoff
availability) with its consumption for various needs, not including the value of the minimum
ecological runoff, it turns out that the greatest water management load on the reservoir is possible
during the growing season (from May to October). In a hydrological year with an average water level,
the share of water withdrawn for water supply and irrigation reaches its maximum value in August-
September and is only 7.74% of the intake. In low-water years of 75% and 95% runoff availability,
this share increases to 9.64% and 11.46%, respectively. Taking into account the possible increase of
the incoming part of the balance of the Dnipro River at the site of the former Kakhovka HPP by at
least 10% due to a significant decrease in evaporation from the area of the former reservoir and loss of
water for filtration, it can be assumed that the amount of water will be sufficient to meet existing
needs. However, for the final conclusion, the role of the climatic factor should also be taken into
account.

Projections of the water flow of the Dnipro River on the gauge Kakhovka HPP, obtained by us for two
calculation periods 2041-2070 and 2071-2099 using the WaterGAP2 model for RCP 2.6 and RCP 8.5
(Didovets et al., 2020), indicate a significant change of the intra-annual distribution of water flow in
the future. In most months of the year, under both scenarios, there will be a decrease in flow. The
runoff will decrease the least in winter and spring - from 1 to 12%. And according to RCP 2.6 at the
end of the century, it may even slightly increase. The greatest decrease in flow is expected under all
scenarios and in all estimated time periods in May — from 10.9 to 24.1% (Table 1)

Taking into account the received design estimates of flow changes, the estimated possible absolute
losses of monthly flow volumes of the Dnipro River under the influence of climate in two future
periods (2041-2070 and 2071-2099) were calculated under the RCP2.6 and RCP 8.5 scenarios in the
average water flow year (Q50%) and in low water flow years (Q75%, Q95%). On the basis of these
calculations, it can be stated that a critical decrease in flow, which would exceed 10-15% of the
average multi-year norm for most months of the year, is not expected under most scenarios. Only in
the month of May, it is possible to reduce the volume of runoff by 16-24%, which will amount to
0.5-0.8 km? of water. In other months of the year, these losses are minimal and are within the range of
0.2-0.4 km?®. It should be noted that in the month of May there is a fairly large reserve of runoff in the
Dnipro River, which will be able to neutralize the possible influence of the climatic factor on the
water runoff. The climatic factor can significantly worsen the water management situation only in the
following months of different years in terms of water content: in the year of average water flow (50%
of runoff availability - in September; in low-water years, 75% and 95% runoff availability - from July
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to November. A sharp decrease in the water flow reserve in the winter months (December—February)
is not explained by an economic factor (water withdrawal) or a climatic factor, but only by the
dumping of a large volume of water into the water management area of the Lower Dnipro during the
spring flood to ensure minimum ecological flow. The value of the minimum ecological flow for each
month of the year is a constant value and does not change depending on the water level of the year.
Thus, in the month of February in all years, it is 2.25 km?, which is 4.23 times higher than the similar
value for the month of June (0.52 km3). It should be emphasized that in a year of average water flow,
possible losses of water flow due to the influence of climate in August will be leveled by the residual
water reserve in the Dnieper riverbed. But in September (according to all climate scenarios), a water
deficit of 0.24-0.30 km? will form due to the climatic factor. This value is not critical and will
probably be compensated by ecological releases of water from the Dnipro Reservoir. In low-water
years of 75% and 95% runoff availability, the main factor in the formation of a water resource deficit
will not be the climatic factor, but the water management factor. Thus, in a low-water year with 75%
runoff availability, the estimated deficit of water resources in the limiting summer-autumn period of
water use will be formed due to economic activity at the level of 0.1-0.4 km* per month, and due to
the climatic factor it will increase by another 0.2—0 ,4 km3 per month. In a low flow year with 95%
runoff availability, the water deficit will increase further: due to the water management factor by 0.3—
0.65 km? per month, and due to the climatic factor — by 0.16-0.23 km? per month. The largest total
deficit of water resources will be formed in September and will reach the value of 0.8 km?>.

Table 1 Projected changes of water flow of Dnipro River on the gauge Kakhovka HPP

RCP 2.6 (2041-2070) | RCP 2.6 (2071-2099) | RCP 8,5 (2041-2070) | RCP 8,5 (2071-2099)
1 -8,23 2,03 -7,65 -11,9
11 -4,48 6,85 -2,5 -6,58
111 -2,65 7,6 -0,98 -2,05
v -13.,45 -1,68 -7,83 -13,98
\% -18,63 -10,93 -16,48 -24,13
VI -12,35 -8,3 -13.3 -17,78
VII 9,13 -5,93 -10,58 -14,1
VIII -11,33 -9,2 -11,85 -16,6
IX -11,08 -9,55 -12.5 -16,33
X -10,55 -8,93 -12,78 -15,78
XI -11 -8,13 -12,63 -15,53
XII -12,5 -6,03 -13,15 -15,35

Conclusions

When performing these calculations, the current state of water resource use of the already destroyed
Kakhovka Reservoir is considered. It was also considered the fact that the water flow of the Dnipro at
the site of the former Kakhovka HPP will remain unchanged, since the river has long been a cascade
of reservoirs with artificial flow regulation. The obtained results indicate that even under such
circumstances, the formation of water resource deficits in the summer-autumn period should be
expected, which will be the result of the combined effect of economic and climatic factors. It is
obvious that in the near future the entire water management structure of the South of Ukraine will be
rebuilt and reoriented to other sources of water resources. New technologies will be introduced both
in industry and in the agricultural sector, which will allow the use of smaller volumes of water. In
addition, the transformation of a reservoir with a large water surface area into a river will save huge
volumes of water, at least up to 10% of the river runoff, which was previously spent on evaporation.
Water losses for filtration through the dam of the former HPP will also stop. All this gives reason to
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hope that even without the restoration of the Kakhovka reservoir, there will be enough water
resources for all water users in the region in the near future.
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