VTEI/2024 /6

Future water demand scenarios to 2050:
sectoral analyses and forecasts

JIRi DLABAL, PETR VYSKOC, JAN BINDZAR, VERA POTOPOVA, PAVLA SCHWARZOVA, MIROSLAV TRNKA,
TOMAS DOSTAL, MARTIN DOCKAL, DANIELA SEMERADOVA, JULIANA ARBELAEZ GAVIRIA,
PETR STEPANEK, ALENA JACKOVA, MARIE MUSIOLKOVA, ARNOST KULT

Keywords: scenarios — future water demand — 2050 — agriculture — irrigation — livestock —

industry — power engineering — water for human use — climate change

ABSTRACT

This article presents the results of the sub-objective “Scenarios of future water
demands for different climate scenarios and individual sectors of water use” (DC 1.1).
Which is part of TA CR project No. SS02030027 "Water systems and water man-
agement in the Czech Republic and climate change conditions (Water Centre)” and
is a sub-part of the WP 1"Prediction of the development of water resources security
in the Czech Republic until 2050 in regions depending on climate change”. The pro-
ject was implemented between 2020 and 2024 and involved the following organ-
isations: TGM Water Research Institute (TGM WRI); University of Chemistry and
Technology in Prague (UCT); Czech Technical University in Prague (CTU), Faculty
of Civil Engineering; CzechGlobe - Global Change Research Institute of the Czech
Academy of Sciences (CAS); Czech University of Life Sciences in Prague (CZU); and
Charles University in Prague, Faculty of Science - as a subcontractor. This article
deals with the projection of future water demand up to 2050 through sectoral
analyses and forecasts. The solution uses different scenarios that consider factors
such as population growth, economic development, climate change, technolog-
ical advances and policy decisions, and focuses on water demand for the follow-
ing sectors: agriculture, industry, energy industry, and households. It also assesses
the potential impacts of different scenarios on the availability of water resources.
The results show that in some regions, depending on the scenario considered,
there may be a significant increase in water demand, which could lead to water
scarcity and therefore require the implementation of new strategies for efficient
water management. Conversely, in some regions, a decline in economic activity
and population migration may lead to a reduction in water demand. The paper
further describes the potential uncertainties and variables affecting the predic-
tion of future water demand, while highlighting the importance of sectoral anal-
ysis for understanding future trends in water management.

INTRODUCTION

Water is an essential resource for life on Earth and at the same time plays a key
role in all areas of human activity, from agriculture to industry, electricity and heat
production to household operations. With climate change and changing water
demands from different sectors, the issue of future water demand is becoming
increasingly urgent. The issue of the future availability of water resources is a com-
plex topic that includes a number of key aspects, such as changes in the distri-
bution of precipitation in time and space (some areas may experience periods
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of drought, others periods of torrential rain), increase in temperature, increase
in water evaporation from vegetation and water bodies, economic develop-
ment and industrialization requiring more water for industry and energy indus-
try, increasing population living standards and the associated higher water con-
sumption in households, and the growing demand for water in agriculture to
ensure food security. The basic prerequisite for solving the aforementioned issue
is to obtain information about the future demand for water in various sectors
and its distribution across the Czech Republic, with a subsequent comparison
with future available sources. The result should then be a more efficient use
of water in agriculture, industry, energy industry and households, associated with
the development of technologies for water treatment and recycling, building
water infrastructure for water retention and transport, and also with the improve-
ment of forecasting systems for water management. It is a key integrated
approach that considers all the aspects mentioned above and seeks levelled off
solutions to ensure sustainable management of water resources in the future.
As this is a relatively extensive issue, it was dealt with by a wider team of experts
of various specializations divided into several teams focused on a certain area
of water demand estimation. Based on available data and forecasts, the develop-
ment of water demand in the coming decades will be predicted. Based on these
findings, the follow-up activities of other work packages within the "Water Centre”
will determine what strategies can be implemented to ensure sustainable and
equal distribution of this valuable resource.

Water demand analysis for industry

METHODOLOGY AND SOURCES USED

The goal of the researchers from UCT was to analyse the current demand
for water in industry in the Czech Republic and to obtain data for the quan-
tification of future demand. The input was data on registered surface and
groundwater abstractions and wastewater discharges for 2009-2019, based on
Decree no. 431/2001 Coll., managed by the State River Basin Authorities. These
are data on direct abstractions and discharges reported by individual entities;
therefore, they do not include information on the use of water from public
water supply systems and the discharge of water into public sewers.



The data was divided into three groups:

1. Aggregated data on annual discharge/abstraction volumes for individual
sectors for 2009-2019 related to regions and districts that became the basis for
monitoring development and trends.

2. Detailed data on the most important entities in water management
in individual sectors. The so-called TOP 7 - detailed data for entities reporting
the largest volumes of water abstracted and/or discharged in the given sector.
Each of the selected parameters (surface water abstraction, groundwater
abstraction, wastewater discharge) was evaluated separately, with 2019 being
the most important year.

3. Complete unclassified data on abstraction and discharge (i.e. for all sectors,
not only industry) for 2009-2019, used primarily in the checking for and tracing
of possible discrepancies.

The aggregated data was processed in both tabular and graphical form,
so that it was possible to determine the most important sectors for individ-
ual territorial units and to monitor possible trends in the demand and con-
sumption of water. The initial analysis was carried out at the level of the Czech
Republic and its regions, then it was extended to districts. In addition to annual
abstraction (or discharge), data on seasonal fluctuations were also processed,
i.e. abstractions in individual months.

SUMMARY OF RESULTS

It was found that in the case of surface water, the chemical industry is the larg-
est user in the Czech Republic, followed by paper production, metal process-
ing, and mining. Groundwater abstraction is generally associated primarily
with mining and food industry; other sectors show significantly lower values.
There are also big between regions; at the regional level, the largest industrial
surface water abstraction was recorded in the Usti Region, mostly involving
chemical and paper industries. Regarding groundwater, the Moravian-Silesian
and Central Bohemian Regions show the highest values, with the majority
in the Moravian-Silesian Region associated with mining.

Although it is a generally accepted fact that industrial demand for water
in the Czech Republic has been decreasing for a long time, this rule cannot be
applied as universally valid under all conditions. Data analysis shows that there
are differences both between industries as a whole and between individual
regions. However, despite these differences, it can be stated that the prevailing
trend toward the end of the analysed period 2009-2019 was balancing the vol-
umes of water abstracted, without extreme fluctuations.

At the district level, the resulting progress of abstraction and discharges is
in many cases much more fluctuating, often without clear trends. This is partly
due to the fact that the sources of discrepancies found in regional analysis are
more pronounced in smaller territorial units, and partly due to the fact that at
the district level the number of entities of one industry is limited. Sometimes
an industry is represented by a single enterprise whose operation defines
the entire progress of time. It is in such cases (i.e, there is only one important
water management entity in an area) that it is possible to observe the conver-
gence of trends at the regional and district level. A typical example is the Ust
Region and the Litoméfice District, where the values of abstraction and discharge
of paper industry are basically determined by a single company, Mondi Stéti, a. s.

As part of the research, the seasonality of abstraction was also determined.
The analysis confirmed that there are differences not only between sectors,
but also within individual sectors. Some sectors show more or less levelled
off consumption throughout the year; for others a decrease in the summer
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is characteristic, indicating regular summer shutdowns, or other reasons for
the abstraction regime reducing abstractions in the summer period. In con-
trast, there are companies showing abstraction peaks in July and August. An
important finding is the fact that recorded monthly deviations can vary signifi-
cantly from year to year for a given entity.

CONCLUSIONS AND THEIR UNCERTAINTIES

Industry in the Czech Republic is still diverse, export-oriented, and not subject
to central planning. It is therefore influenced by a number of factors (economic,
social, political; not only at the local but also international level), which are dif-
ficult or even impossible to predict with sufficient accuracy. More detailed out-
looks for individual sectors as a whole are not available, and obtaining informa-
tion about specific entities is complicated.

With regard to the above-mentioned facts, a simplified approach was cho-
sen based on a combination of monitoring current trends in water abstraction
and discharge, with an effort to obtain at least a general idea of the develop-
ment of individual industries until 2050.

The results of data analyses can be summarized in a relatively simple state-
ment: as the size of the analysed territorial units decreased, the volatility
of the data series increased and clear long-term trends disappeared. In con-
trast, possible seasonal fluctuations became more apparent.

Based on the results achieved, it was decided that the issue of future water
demand in industry will not be dealt with by predicting changes over time, but
by setting three fixed levels which will enable the comparison of realistically
available water resources at a given time. The starting point for their determi-
nation was the abstraction analysis at the regional level. This approach can be
used not only for annual, but also for monthly values, to capture fluctuations
in abstraction during the year.

Baseline value

Baseline values are based on the assumption that industrial demand for water
in the future will be similar to the present, or by the end of the evaluated period
2009-2019. The value for each sector will be calculated as an average of four
years, which were selected based on data evaluation at the regional level.
In most cases, it concerns years 2016-2019, when Czech industry was in good
shape and the most common trend in water abstraction was a more or less
steady state. For industries or regions where there were significant fluctuations
in these years, development of water demand was analysed in more detail and
other years were selected for calculation (Fig. 1).

Maximum value

The largest volume of abstracted water recorded in 2009-2019 will be used as
the maximum value of future abstractions. This provides a realistic estimate
of possible positive deviations from the baseline (Fig. 7).

Critical value (must not be exceeded)

The data contains information not only on abstraction and discharge, but also
on maximum permitted volumes. In the analysed period 2009-2019, the limits
for groundwater and surface water abstractions were not fully used, and there-
fore provide a reserve that is at least theoretically available to the relevant busi-
nesses. It is a realistic assumption that the limits for specific entities will not be

27



VTEI/2024 /6

increased in the future, and thus determine a critical limit for the use of water
resources, which can be compared with the expected future demand (Fig. 7).

The above-mentioned approach naturally brings with it certain risks and

uncertainties:

Amount of water abstracted [ 10° m?]

Insufficiently clear or misleading trends

Total demand for water in industry in the Czech Republic has been decreasing
for a long time; however, simply projecting this fact into the future could lead
to completely wrong conclusions (theoretically to almost zero water demand).
Conversely, any growth observed in a certain industry and region cannot
simply be extrapolated into the future based on a mathematical calculation.
Even the steady state observed in a number of industries in recent years does
not mean that there will be no fundamental changes in the future.
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The issue of transferring trends and forecasts to a lower level of territorial units
or individual entities

Trends valid at the national or regional level may not be valid for a smaller
area. The project envisages modelling water management balance at the level
of small units — hydrogeological districts and water bodies, where it can be
expected that the situation will also be assessed at individual abstraction
points, i.e. individual entities. In such a case, it will largely depend on local
conditions.
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A prediction based on the analysis of historical data cannot, in principle, work
with the possible demise of the business (in the sense of ending production)
and especially with the construction of a new one (primarily on so-called
green field).
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Fig. 1. Surface and groundwater abstraction scenarios for industry up to 2050 based on data from 2009-2019 in sub-sectors
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4. Suitability of authorized abstraction
As mentioned earlier, permitted abstraction of surface and groundwater will
serve in the prediction of water demand as a limit that future development
must not exceed. Given that in some cases the permitted values are
significantly higher than the real state, it is not guaranteed that the current
yield of the relevant water resources allows them to be achieved.

Water demand for agriculture:
Irrigation water demand —

from the point of view of irrigation
technology

METHODOLOGY

The aim of the CTU working group was to try to outline the development of irri-
gation in the Czech Republic by 2050 and to hypothesize what technology will
be used and whether the irrigable area will increase or decrease; subsequently,
in cooperation with project partners, determine how many water resources for
irrigation and other sectors of human activity would need to be secured in this
time horizon in individual regions.

An analysis of the available documents describing the current state was
used [1-4]. It mainly concerned information on the structure of crop production
and on the technical parameters of irrigation — i.e. where it is technically possi-
ble to irrigate crops with regard to the availability of resources and infrastruc-
ture (irrigable areas). The irrigation detail enabling efficient irrigation was also
dealt with (minimization of water loss and accurate dosing of irrigation water).
For its current use for crop irrigation, the values of the loss coefficients K and
K, were specified; see Tab. 2 (CzechGlobe). For the prediction of water require-
ments, the long-term trend of the development of climatic parameters deter-
mining the demand for additional irrigation for individual crops in the event
of changes in agroclimatic areas is also considered (Czech Statistical Office —
CZSO and the Crop Research Institute — CRI).

Current data on irrigation (irrigated areas) was taken from the ISMS database
(SOWAC-GIS geoportal map project). Data from the Land Parcel Identification
System (LPIS) were used for crop occurrence [5, 6].

An analysis of the irrigation abstraction database (TGM WRI) was carried
out for individual catchments, and the ambiguities found were discussed with
representatives of the State River Basin Authorities [7]. The database provided
the amount of surface and groundwater currently abstracted for irrigation for
2014-2021; the data was subsequently processed for individual sub-basins and
surface water bodies [8].

By determining the demand for water for individual crops (data from
CZU) [9], an estimate was subsequently created of total demand for irrigation
water for individual surface water bodies and quantification of the necessary
water sources for irrigation. When predicting future water abstraction for irriga-
tion, updated water losses forced by irrigation technology are already consid-
ered [10], and all calculations and estimates were made for predicted climatic
conditions.
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RESULTS

For selected relevant data from the TGM WRI database, the annual volume
of water abstracted for irrigation in 2014-2021 was in the range of 18-31 mil-
lion m?, which accounted for roughly 1.4 % of total annual water consumption
in the Czech Republic. The biggest amount of irrigation water was abstracted
in 2018; the amount has been gradually decreasing since. Water was abstracted
mainly from surface water, with less than 10 % reported from groundwater.
The largest amount of irrigation water for the analysed period (45 % of the total
average amount) was abstracted in the Dyje catchment. The rate of use
of the monthly amount of water legally abstracted (in the months of the gen-
eral growing season) was recorded partly inaccurately; for example, collectively
for the growing season, by wrong reading of the water meter, or ambiguously
in the case of groundwater abstraction. In some cases, the permitted values
were exceeded (around 30 %).

The provided soil water balances of individual crops (CZU) were evaluated;
consequently, the water demand for individual surface water bodies was recal-
culated for the selected crops and the considered periods.

As part of determining scenarios for irrigation water abstraction, combina-
tions of irrigation water demand for “hop fields’, “vineyards’, “orchards’, “arable
land”, and “permanent grassland” were created for each surface water body for
irrigated and non-irrigated areas in the “average growing season GS', in “Dry sea-
son — sensitive growing season SGS” and as “horizon 2050 prediction for grow-
ing season GS"[11-15]. All results are part of the overall CTU report in tabular dig-
ital form and an example of the graphical display of irrigation water demand for
individual surface water bodies in the “forecast GS” variant; see fig. 1.

— "Average 12 years GS"variant describes the current state calculated from
real measured values 2010-2021; it can be considered as the lowest demand
of water for irrigation.

— "Dry SGS"variant was calculated for sensitive growing seasons as the average
of the two extreme years 2015 and 2018, representing the potentially highest
irrigation water demand in a sensitive growing season.

— "Forecast GS"variant estimates future demand for irrigation water for
the vegetation period of the given crop (GS) from the simulated values of soil
water balances 2022-2050.
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Fig. 2. lllustration of irrigation water requirements per growing season in m?
in individual UDPs, variant ,forecast GS" (Source: CTU)
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UNCERTAINTIES

Considering the ambiguities of the recorded values of irrigation abstraction,
the rates of use of the monthly amount of water legally abstracted were discussed
with the employees of the State River Basin Authorities. Calculations of irrigation
water demand are made on the basis of current knowledge and currently avail-
able data. Clearly, even these results are burdened with uncertainties; for exam-
ple, there is a lack of updating of the database of actually irrigated areas and their
connection to abstraction points. When calculating the amount of water for irri-
gation, uncertainties arose due to the inconsistency of the defined LPIS catego-
ries ("hop fields’, “vineyards’, “orchards’, “arable land’, and “permanent grassland”)
with the provided soil water balances of individual specific agricultural crops
(see CzechGlobe). Uncertainties also exist in the socio-economic area because
the structure of crops, as well as the decisions of economic entities to support
the construction and subsequent use of irrigation, are significantly influenced by
the economy, subsidy titles, and the common European market. In comparison
to the previous ones, the uncertainties in the area of regional climatic develop-
ment are also lower (although not negligible).

CONCLUSIONS AND RECOMMENDATIONS

The analysis of the irrigation abstraction database determined the used
amounts of water in individual river basins, searched for and named ambigui-
ties in the entries of values.

Analysis of irrigation technologies in the Czech Republic and estimation
of their irrigation water losses enabled calculation of the approximate maxi-
mum amount of water needed for the irrigation of typical cultures “vineyard”,
"hop fields” and “orchards’, including a possible extrapolation to the scenario
of covering the entire area of these cultures with irrigation. The indicative
amount of water needed to irrigate “arable land” and “permanent grassland”
was calculated; it is clear that irrigation on arable land will be decisively con-
centrated on vegetables and early potatoes, and on permanent grassland on
meadows for the production of fodder for dairy cattle. Development towards
full irrigation is not realistic here — it was only applied where irrigation is already
in place (which was considered an indicator of the fact that irrigated crops are
grown there). This fact was verified according to CZSO data — which, however,
are only available at the district level until 2014.

Without being able to make a realistic balance of the availability of water
resources for individual irrigated areas, it is quite obvious that groundwa-
ter should not be massively used for irrigation in critical areas, as it is valua-
ble water that should be reserved for drinking purposes. In addition, there will
obviously be simultaneous occurrences of the demand for irrigation (longer
periods of heat and drought) and, simultaneously, low flows in watercourses
(longer periods of drought and heat). Water demand will thus be covered only
by the construction of additional reservoirs, or by modifying the handling reg-
ulations of existing reservoirs (if they have free capacity).

Implementation of irrigation mathematical models can help (e.g. the AQUA
CROP model, registered by FAO). These methods will rather help to optimize
the size and timing of irrigation doses; however, they do not influence the over-
all water balance.

We can see that the state records a large amount of data and information,
but often without a concept, in different places and without mutual continuity.
Therefore, it is recommended to:

— link the information from the Ministries for the purpose of efficient
management of water and other resources.

— carry out a detailed inventory of land in the “irrigated” and “irrigable” category
and introduce these as parameters into the LPIS database.
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— separate the category “water for irrigation”in the records of water abstraction
and assign irrigated land to individual sources — this can also be done
in the LPIS or in the ISMS databases.

Water demand for irrigation from
the point of view of plant demand
modelling: preparation of scenarios
for the development of climate
parameters — selection of models

Based on analysis within the excellent research projects of the Operational
Programme Research, Development and Education — Sustainability of Ecosystem
Services (OPVVV SustES) and the Operational Programme Jan Amos Komensky —
Advanced Methods of Emission Reduction and Sequestration of Greenhouse
Gases in Agricultural and Forest Landscapes (OP JAK AdAgriF), the CzechGlobe
team systematically tested the suitability of methods for the preparation of usa-
ble and robust data for estimating future climate developments. The team con-
sidered the fact that the latest set of intercomparison projects of the Coupled
Model Phase 6 — Global Circulation Model (CMIP6 GCM) includes models with
different degrees of spatial detail. Most simulations of climate development
in the 21st century have a horizontal spatial resolution of around 100 or 250 km.
There is also a small subset of Global Circulation Models (GCMs) with a resolu-
tion of around 50 km, but their simulations end in the mid-21st century. Individual
GCMs also differ in the complexity of the descriptions of events in the climate
system, the methods of parametrization of smaller-scale phenomena, as well as
the formulation and numerical solution of basic physical equations. It is natu-
ral that the simulated climate diverges to a certain extent from reality and this
difference changes in space, time, or across physical quantities. After five years'
research, GCMs that best affect the climate of Central Europe were preferred for
simulations of the future Central European climate. Simultaneously, it is neces-
sary to ensure that the preferred GCMs (which are only a subset of all available
GCMs) affect the future climate development in the same way, with the same
degree of uncertainty, as the full set of all available GCMs. That is, for the selected
subset of GCMs not to represent models that, under the same conditions, expect
e.g. higher increase in temperature (or changes in precipitation, wind, sunshine,
etc) than models that are outside the selection. The narrowing of the set of cli-
mate models was carried out by the procedure proposed by Meitner [16].

In accordance with the methodology, from the set of around twenty
CMIP6 GCMs (which had all the necessary elements and emission scenarios
available), those models that were not able to reliably simulate the Central
European climate of the recent past were excluded based on validation. From
the other models, six GCMs with a resolution of 100 km and representing all
four emission scenarios were selected so that this narrower selection repre-
sented the entire original set of models with its statistical properties, but ena-
bled working with a smaller number of simulations. GCM selection was done
with regard to all basic meteorological elements, which are further analysed, or
used for the calculation of reference evapotranspiration and soil moisture by
the SoilClim model. The model selection, together with the available climate
change scenarios, is shown in Tab. 1 below. GCMs with finer spatial resolution
(100 km versus 250 km) were preferred.
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Fig. 3. lllustration of the difference between the sum of precipitation and reference evapotranspiration in the so-called warm half-year (April-September) for the reference period
(a) 1981-2010 and the periods, (b, e) 2020-2050, i.e. 2035, (c, f) 2030-2060, i.e. 2045, and (d, g) 2040-2070, i.e. 2055, for basin level IV. Maps b—d show the change in absolute value,

maps e—g show the nature of the climate signal, i.e. the relative change

Tab. 1. Overview of models and country of origin, the nominal grid size in the equatorial
region was approximately 100 x 100 km, and simulations of all models were available
for all socioeconomic scenarios (SSP — see below)

Model Author's workplace

CMCC-ESM2 CMCC Centro Euro-Mediterraneo sui Cambiamenti Climatici, Italy

EC-EARTH3 EC-Earth Consortium Europe, EU

GFDL-ESM4 NOAA—GEDL Nqn‘ona/ Ocegn/c and Atmospheric Administration,
Geophysical Fluid Dynamics Laboratory, USA

MPI-ESM1-2-HR  MPI-M Max Planck Institute for Meteorology, Germany

MRI-ESM2-0 MBRI Meteorological Research Institute, Japan

TAIESM1 AS-RCEC Research Center for Environmental Changes, Academia

Sinica, Taiwan

Climate change scenarios serve as a source of so-called boundary condi-
tions for GCMs and reflect various possible future trajectories of global devel-
opment not only from the point of view of emissions or resulting concen-
trations of greenhouse gases in the atmosphere, but also in terms of various
economic and social developments on the planet. The latest sixth assess-
ment report of the IPCC (AR6) (available at: https://www.mzp.cz/cz/souhrnna_
zprava_ipcc) works with scenarios of socioeconomic development, known as
Shared Socioeconomics Pathways (SSP). In current nomenclature, the SSP code
includes both the path of socio-economic development (first number) and
the predicted impact of anthropogenic emissions on the greenhouse effect
enhancementin tenths of W. m? (watts per square metre — energy flow density).

In simple terms, the individual climate change scenarios used for input into
GCM simulations can be interpreted as follows:

— SSP1-26: sustainability; a path of development with the greenhouse effect
enhancement by up to 2.6 W. m? compared to the pre-industrial period,

— SSP2-4.5: middle of the road; degradation of environmental systems, but some
improvements regarding resource and energy use leading to the greenhouse
effect enhancement by up to 45W. m?,

— SSP3-7.0: regional rivalry; conflicts allowing little economic development
and the greenhouse effect enhancement by 7.0 W. m?,

— SSP5-8.5: fossil-fuelled development; potential to enhance the greenhouse
effect by up to 85W. m?2,
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Preparation of climate scenarios

Unless we are concerned only with the relative change of meteorological elements,
GCM outputs cannot be used directly. They are burdened with systematic error
(e.g., in Central Europe — an underestimation of temperature by 1°C, or overestima-
tion of precipitation by 25 %, etc.), which must first be removed by so-called bias
correction. Alternatively, it is possible to work with climate change resulting from
climate model simulations, which is linked directly to observed data. The second
approach is referred to as the “incremental method” or “direct modification”and is
commonly used in the Czech Republic for modelling the climate change impacts
(e.g. on hydrological balance) as there is greater robustness using this method than
when using climate model simulations with systematic error correction (so-called
bias correction). To use the “incremental method”in the daily step, it is advisable to
apply transformations that consider not only changes in averages, but also vari-
ability. This is made possible, for example, by the Advanced Delta Change (ADC)
method. Thanks to the ADC method, the change in variability can also be included
in the transformation. This simply means that the extremes can vary differently than
the average, which correctly reflects our experience in the real world. When deriv-
ing precipitation changes from the climate model, the ADC method also considers
systematic simulation errors, which may not be linear. Further details can be found
in van Pelt et al. [17]. The development of the basic set of scenarios using the ADC
method, as well as the selection and analysis for the purposes of this project, were
carried out iteratively and in close cooperation between the CzechGlobe, CZU, and
TGM WRI teams.

These scenarios obtained as part of the OPVVV SustES and OP JAK AdAgriF
projects were adapted for the teams at the “Water Centre” into a form suitable for
the model tools used here and tested in detail. Although the actual preparation
of scenarios and data analysis was not directly part of the contract for“Water Centre’,
it is necessary to mention the basic description of the methods. At the same time,
the individual simulation runs within the cascade of irrigation and hydrological
models are unique and used only within the "Water Centre"

Withregardtotheinterpretation of results,inaddition tothe reference period 1981
2010, we are working with 30-year time windows for the future climate: 2020-2050
(referred to as “2035"), 2030-2060 ("2045"), and 2040-2070 ("2055"). The periods over-
lap each other. Within these time windows, statistical characteristics (including
extremes) for the given period can be evaluated. Similar to climate model simula-
tions, it does not make sense to analyse and present individual days or years, but
only statistics for the entire period. Long-term trends can then be evaluated by con-
necting individual (sliding) periods in future climate. An example of the output for
the water balance (i.e. difference between ETref and precipitation) in growing sea-
son is shown in Fig. 3.

Analysis of water demand for crop production

As part of the project, the SoilClim model was used, among other things, for
drought monitoring and forecasting in the www.intersucho.cz system, which is
based on the recommended methodology of FAO [18] and ASCE [19]. The SoilClim
model outputs for the climatological water balance were compared in the past
for greater robustness with the model of the Czech Hydrometeorological
Institute AVISO with goodness of fit (e.g. Stépanek et al. [20]). Model estimates
of water demand in the SoilClim model were made for each grid with a resolu-
tion of 500 x 500 m across the entire Czech Republic based on daily meteorologi-
cal data, data on inclination and exposure of the land (for considering the radiation
and energy balance), data on the retention capacity and soil depth, and the possi-
ble influence of groundwater. In individual cases, the calculation was limited only to
grids with agricultural land, or to irrigable grids. The dynamics of vegetation growth
in the SoilClim model took into account the connection of plant development (but
also the date of sowing/planting/sensitive periods/harvest) to weather. Key factors
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influencing water demand (e.g. variable leaf area or rooting depth) are consid-
ered and change dynamically during the season. For the cases of calculating water
demand in the expected climate, the CO, effect on the water regime of plants is
also included. On the basis of previous studies dealing with irrigation in our country
and a search of world specialist literature, the key parameters of vegetation cover
were determined, which represented a total of 20 crops/cultures, some of which
were assessed in different regimes (e.g. orchards with bare soil or active growth
in intermediate rows). It was thus possible to determine the relative water demand
of individual cultures. The methodology includes a change in the onset of phe-
nological works, changes in sowing and harvesting dates, and thus also reflects
a change in the seasonality of the need for irrigation.

When determining the demand for soil water, all calculations were performed
at the level of individual grids in a daily step, and the irrigation dose was applied
whenever soil water content of a root zone fell below 30 % of retention capac-
ity, i.e. the limit was reached when water is relatively difficult for plants to access
and their growth is subsequently significantly limited by lack of soil water. With this
“maintenance”irrigation, the survival of the culture is guaranteed. A special regime
was used for weeks when the value of the irrigation efficiency factor taken from
CSN 75 0434 for the given week and the given crop indicated an efficiency fac-
tor higher than 40 (which means a significant influence of irrigation on economic
yield). In these cases, soil water content of the root zone was maintained at values
of at least 50 %. Such type of irrigation would be relatively very effective.

Final iteration of determining irrigation sources
and demands

Currently, the final determination of soil moisture demand is underway by the cas-
cade of SoilClim and BILAN models, using the knowledge obtained in cooperation
with WP1 partners. Currently, calculations of the possible irrigable area for the fol-
lowing selected commodities were performed for each surface water body: spring
barley, winter wheat, maize, winter rapeseed, early potatoes, apples — bare surface,
apples — active surface, cherries — bare surface, cherries — active surface, apricots —
bare surface, apricots — active surface, peaches — bare surface, peaches — active sur-
face, vineyards, hop fields, strawberries, garlic, onions, carrots, peppers, cucumbers,
cauliflower, cabbage.

After all the calculations were done, this soil moisture demand was deter-
mined, and in the next step, the TGM WRI team worked with the data not only
for the current climate, but for the most current climate change scenarios based
on the CMIP6 model suite. Based on the provided climate data and soil moisture
from the SoilClim model, TGM WRI determined the available water resources for
each surface water body for current and future climate. TGM WRI, in agreement
with CzechGlobe, carries out calculations in variants, namely in the variant that
takes into account the fact that water is managed in the entire system (that is, we
have water available from reservoirs and from the catchment further downstream),
but also in the variant where water management is limited to the given surface
water body. From this available amount, for example, resources can be deducted to
cover losses during the transport of water to irrigated land based on the method-
ology of the CTU team. Through a gradual iterative calculation, the available water
in each surface water body can be divided for individual grids so that the water
was first distributed to irrigable grids, according to the soil quality. If the water
in the given surface water body was sufficient to cover the requirements of all irri-
gable grids, the irrigation water was subsequently distributed to other grids (again,
according to soil quality). The result of the calculation is the potentially irrigable
area, both in a normal year and in the case of a five- and ten-year drought. The cal-
culation of irrigation demand for individual commodities is dynamic and is based
on an analysis of the moisture demand of the given commodity in the root zone.
Irrigation is indicated if soil moisture in the root zone drops below 0.3. The irrigable
area was then determined in cooperation between CTU, TGM WRI and CzechGlobe,
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Fig. 4. Change in average annual irrigation demand for surface water bodies between the reference period (a) 1981-2010 and the periods 2030 (2015-2045); 2050 (2035-2065); 2070
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demand under production optimization efforts
and simultaneously, based on CTU's analysis, the parameters for calculating irriga-
tion water losses were changed as the sum of losses on the line and irrigation detail.

KZ =K +K,

The value of K| was defined as 0.12 (i.e. 12 %) and the value of K, was deter-
mined according to Tab. 2. Depending on the crop, it is thus newly calculated
with a loss of 177-37 %.

Tab. 2. Value of parameter K.

K, Irrigation detail contemporary

Orchards (peach, apple, apricot, cherry), vineyards, strawberries,

1.05

cucumbers, peppers, tomatoes.
1.15 Hop plants, onions, carrots, early potatoes (drip irrigation).
1.25 Early potatoes (spray), alfalfa, maize, cabbage, cauliflower.

These changes represent a relatively significant change in the entire meth-
odological procedure. In the final calculation, sowing procedures were applied

to potentially irrigated areas according to data from LPIS based on real data
from 2015-2023, processed by CzechGlobe. This made it possible to determine
the “real” demand for water within the irrigation systems and subsequently
to standardize the calculations for the future climate. The outputs of the joint
work are being prepared for publication in an impact journal (Agricultural Water
Management).

The final calculation of moisture demand thus combines innovative pro-
cedures based on the valid CSN 75 0434, practical experience from irrigation
practice and also the real composition of crops in surface water bodies with
irrigation, because the specific use of irrigation so far cannot be determined
otherwise. Two scenarios were created to determine irrigation needs.

The first was based on the goal of maximizing production and not allowing
soil water content to drop below the point of reduced moisture availability, to
which plants respond by reducing production (in simple terms). The second
was aimed at not allowing soil water content to fall below values of intense
water stress, i.e. a situation where crop production is significantly reduced
due to a lack of water. While the first procedure aims to maximize production
in conditions of limited water resources, the second procedure serves primar-
ily to maintain the basal level of production and conserve water resources to
the maximum extent possible. From the point of view of profitability, the first
of the chosen procedures is suitable in situations where water resources
in the catchment are sufficient, the second can be seen as an emergency sce-
nario, as it does not guarantee producers an adequate yield; however, in a num-
ber of seasons, especially during shorter episodes of drought, it can fundamen-
tally contribute to reducing damage with relatively less water consumption.

Simultaneously, the calculations dealt with ensuring moisture demand
for the upper 40 cm variant or the profile up to a depth of 100 cm. In Fig. 4,
both variants are presented for ensuring soil moisture in the corresponding
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in irrigation demand to avoid drought stress for crops

volume in the upper 40 cm of the profile as a change in demand compared
to the period 1981-2010 for the realistic emission scenario SPSS 2-4.5. It is clear
that the entire spectrum of expected changes cannot be covered on the basis
of one GCM model, nor can it be done on the basis of using only one emission
scenario.

The results clearly show significant variability in lines of the same GCM mod-
els for different emission scenarios, especially for the periods 2015-2045 (2030)
and 2035-2065 (2050). Even in regions where, on average, there is a reduc-
tion in moisture demand, there is still a need to irrigate. However, what still
remains an unanswered question is the impact of the not yet considered
variant based on the estimate of the GLOBIOM-CZ agro-economic model.
It shows the considerable comparative advantage of Czech agricultural pro-
duction in the expected environmental conditions, and therefore the possibil-
ity to increase the profitability and market share of Czech agriculture despite
climate change. That is, a situation where conditions on the world markets will
be economically favourable to the expansion of domestic production, poten-
tially even without state intervention. In such a situation, there could be pres-
sure on using two harvests per year, which with a certain combination of crops
grown today and/or a combination of suitable varieties will be possible in a few
years/decades. However, the success of the second crop will be determined by
the ability to harvest the first crop in time and, especially after sowing, to ensure
good uptake of the second crop in the height of summer. Without additional
irrigation, the latter will not be possible in most years in the warmest regions
of Bohemia and Moravia.
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Water demand for animal husbandry

The aim of the CZU research, which is the development of water consump-
tion by livestock in the Czech Repubilic, is to compile scenarios of animal hus-
bandry in individual regions of the Czech Republic. The result is finding out
what kind of livestock have been bred in individual areas in the last 20 years
and in the future, and what their water consumption will be, both throughout
the year and in individual seasons. Livestock such as cows, pigs, sheep, goats,
horses, and poultry are a significant source of commodities used by humans.
In connection with climate change, adaptation measures for livestock will be
addressed, mainly with regard to their loading caused by the increase in spring
and summer temperatures. There is also the increasing number of consecutive
tropical days; such conditions cause thermal stress in animals, which is mani-
fested, for example, in cattle by lower milk yield and weight gain [21]. Stressful
conditions will occur in both stables and pastures, and animal performance will
probably decrease.

Livestock have a considerable consumption of water. In addition, growing
human population and demand for animal products are expected to increase
demand for water and changing precipitation patterns worldwide. Therefore,
the question arises whether there will be enough available water in the future
and what effect the (in)availability of water will have on the possibilities
of breeding livestock [22].
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METHODOLOGY horses, and poultry (Tab. 3). Due to the fact that the numbers of cows, sows, and

hens were additionally listed in the tables, it was necessary to adjust the data.

As part of the data analysis, data were first collected on the number of live- ~ The numbers of cows, sows, and hens were subtracted from the total numbers
stock in individual regions of the Czech Republic for the period 2002-2020.  of cattle, pigs, and poultry, so that the resulting values correspond to the num-
The obtained tables included data on the number of cattle, pigs, sheep, goats,  ber of cattle without cows, pigs without sows, and poultry without hens.

Tab. 3. List of breeding animals (according to CSU tables)

Name in the table

Definition

Cattle Domestic animals of the domestic bull (Bos taurus) species (not incl. cows).

Cows Female cattle that have already calved (including those that calved before the age of two years).

Pigs Domestic animals of the domestic pig subspecies (Sus scrofa domestica) (not incl. sows).

Sows Female pigs that have already farrowed. Does not include neuted sows.

Sheep Domestic animals of the domestic sheep species (Ovis aries).

Goats Domestic animals of the domestic goat subspecies (Capra aegagrus hircus).

Horses Domestic animals of the domestic horse species (Equus caballus).

Poultr Domestic birds of the domestic chicken species (Gallus gallus), the turkey genus (Meleagris spp.), the duck genus (Anas spp.), the Muskovy duck
Y species (Cairina moschata), and the domestic goose subspecies (Anser domesticus).

Hens Domestic female chickens of the laying and meat type that have reached egg-laying maturity.

Tab. 4. Water consumption by species (according to standards)
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Spring 4900 12625 475 1467 300 3875 230 110 500 550
Summer 6000  170.00 600 1733 425 4750 280 120 450 575
Average water consumption
per animal [I/head/day]
Autumn 4900 12625 475 1467 300 3875 230 110 500 550
Winter 38.00 8250 350 12,00 175 3000 180 100 550 600
Spring 4557 11,741 442 1364 279 3604 21390 10230 46500 51,150
Summer 5580 15810 558 1612 395 4418 26040 11,060 41850 53475
Average water consumption
per animal [I/head/day]
Autumn 4410 11363 428 1320 270 3488 20700 9,900 45000 49,500
Winter 3382 7,343 312 1,068 156 2670 16020 8900 48950 53400
Average water consumption per animal 17.93 46.26 1.74 536 110 1418 8415 4009 18230 20753
[m3/head/year]
Maximum water consumption per animal 2190 62.05 2.19 6.33 155 1734 10220 4380 2075 21900

[m3/head/year]
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In the next step, it was necessary to determine water consumption for live-
stock [22]. In the overall table, water consumption is divided for young animals,
for nursing/lactating females, and for fattened animals. Minimum and maxi-
mum water consumption in litres per piece per head are always indicated, as
well as maximum consumption in cubic metres per head per year. The mini-
mum water consumption per day applies to the winter, the maximum water
consumption per day to the summer. The average of these minimum and max-
imum values was determined as water consumption per day in the spring and
autumn (Tab. 4). The average water consumption per head during the sea-
sons (in units of I/head/season), the average water consumption per head
(in the units of I/head/year and m*/head/year), as well as the maximum water
consumption per head (in units m*/head/year) (Tab. 4).

Since poultry includes not only chickens, but also ducks, turkeys and
geese (which have different water consumption), it was necessary to deter-
mine the approximate percentage representation of individual animal spe-
cies in the Czech Republic. For this, the Situation and outlook report Poultry
and eggs was used (available at: https://mze.gov.cz/public/portal/mze/pub-
likace/situacni-vyhledove-zpravy/zivocisne-komodity-hospodarska-zvirata/
drubez-a-vejce); on its basis, the percentage representation of farmed poultry
species between 2010 and 2018 was calculated. In the next step, by multiply-
ing the number of individual species of livestock and the average (or maxi-
mum) water consumption per head of a single farm animal species, water

consumption by individual farm animal species was determined; after adding
up the data, the total water consumption by livestock per year was determined.
This was calculated for each year between 2002 and 2018 and for each region
separately. Estimates of the number of individual farm animal species and
water consumption were made for 2025, 2030, 2035, 2040, 2045, and 2050 using
the Forecast Sheet tool. The tool calculated the mean estimate and its lower
and upper bounds. Estimates were again carried out separately for each region.
In order to calculate water consumption by livestock during individual seasons,
the average percentage of water consumption in these seasons compared to
the whole year was first determined, which was 25.34 % for spring, 30.19 % for
summer, 24.53 % for autumn, and 19.94 % for winter. Water consumption in indi-
vidual seasons was then calculated based on the values found for the entire
year, namely for 2005, 2010, 2015, 2020, 2025, 2030, 2035, 2040, 2045, and 2050.

RESULTS

Number of livestock and average water consumption
per year for individual regions

The resulting values and conclusions always apply to the year 2050 compared
to 2005.

Tab. 5. Number of animals and average water consumption (m*/year) for each animal group

Number Average water consumption [m3/year]
2005 2020 2035 2050 [%] 2005 2020 2035 2050 [%]
South Bohemian Region
Cattle 211413 219,914 221,264 222,448 +522 % 6,294,977 6,518,437 6,585,213 6,649,032 +2.00 %
Pigs 348,209 85,091 0 0 -100 % 709,413 172,383 0 0 -100 %
SHG 25,861 36,721 51,972 66,772 +158.19 % 66,349 105,865 148,887 189,112 +78.63 %
[Pt?l:I:;Zmds] 4,647 1,869 0 0 -100 % 243,936 99,817 0 0 -100 %
Total - - - - - 7,314,677 6,896,502 6,734,100 6,838,144 -0.85 %
South Moravian Region
Cattle 75511 64,374 57,348 50,188 -33.53 % 2,195,581 1,900,160 1,909,400 1,912,454 -12.89 %
Pigs 433,761 126,594 0 0 -100 % 888,974 241,950 0 0 -100 %
SHG 5,842 12,845 19,731 26,788 +358.54 % 24,109 36,625 46,747 58,072 +140.88 %
[Pt(:!lcil:;inds] 4,303 4,037 2,251 1,189 -72.37 % 220,335 214,769 131,944 86,009 -60.96 %
Total - - - - - 3,328,999 2,393,504 2,088,091 2,056,536 -38.22 %
Karlovy Vary Region

Cattle 34,689 43,021 56,242 69,167 +99.39 % 1,054,921 1,343,166 1,790,120 2,199,331 +108.48 %
Pigs 42,349 16,435 0 0 -100 % 85,902 28,725 0 0 -100 %
SHG 15,987 15,373 18,671 21,704 +35.76 % 32,535 34,384 42,298 48,239 +48.27 %
E‘:\‘;‘:;’;n ds] 249 249 179 202 -18.87 % 16,123 18,439 15,096 17,027 +5.61%
Total - - - - - 1,189,481 1,424,713 1,847,514 2,264,597 +90.39 %
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Number Average water consumption [m3/year]
2005 2020 2035 2050 [%] 2005 2020 2035 2050 (%]
Vysocina Region
Cattle 218,625 218,641 217,181 216,175 -1.12% 6,366,182 6,402,983 6,421,984 6,461,977 +1.50 %
Pigs 391,482 319,055 158,107 63,395 -83.81 % 790,335 620,526 274,909 110,227 -86.05 %
SHG 9,344 18,312 33,209 44,828 +379.75 % 19,656 44,862 77,835 107,202 +445.40 %
Poultry
[thousands] 1,231 391 0 0 -100 % 61,866 20,309 0 0 -100 %
Total - - - - - 7,238,039 7,088,680 6,774,728 6,679,407 -7.72 %
Hradec Kralové Region
Cattle 109,527 101,233 90,676 80,119 -26.85 % 3,236,934 2,990,927 2,690,593 2,390,258 -26.16 %
Pigs 209,737 56,489 0 0 -100 % 424,888 110,020 0 0 -100 %
SHG 11,380 20,991 31,570 42,137 +270.27 % 31,953 60,665 87,347 113,942 +256.59 %
Poultry
[thousands] 1,520 2,749 3,554 4,572 +200.80 % 95,048 185,492 269,748 362,159 +281.03 %
Total - - - - - 3,788,824 3,347,105 3,047,688 2,866,359 -24.35 %
Liberec Region
Cattle 38,051 48,729 55,134 61,289 +61.07 % 1,187,320 1,456,722 1,567,575 1,669,691 +40.63 %
Pigs 43,166 19,005 426 0 -100 % 86,050 37,885 2,283 0 -100 %
SHG 10,117 19,637 34,390 49,144 +385.76 % 29,426 55422 96,778 138,138 +369.44 %
Poultry
[thousands] 112 75 49 25 -77.39 % 6,272 3,589 2,230 1,164 -81.43 %
Total - - - - - 1,309,067 1,553,618 1,668,866 1,808,994 +38.19 %
Moravian-Silesian Region
Cattle 80,601 86,747 107,606 127,994 +58.68 % 2,464,819 2,664,950 3,093,312 3,511,096 +42.45 %
Pigs 149,142 37,905 0 0 -100 % 303,019 73919 0 0 -100 %
SHG 14,233 21,126 30,089 38,949 +173.65 % 39,983 59,454 82,495 104,580 +161.56 %
E‘[’;t‘?;n dsi] 1,645 945 159 0 -100% 96,384 60,672 13,382 0 -100%
Total - - - - - 2,904,205 2,858,995 3,189,189 3,615,676 +24.50 %
Olomouc Region
Cattle 96,851 93,149 85,032 77477 -20.00 % 2,860,439 2,786,049 2,585,676 2,411,287 -15.70 %
Pigs 215,185 68,370 0 0 -100 % 435,891 134,489 0 0 -100 %
SHG 7,243 12,169 18,228 24,232 +234.56 % 22,838 37,647 53,532 68,662 +200.65 %
E?“;t‘gn ds] 613 425 176 56 -90.89 % 36317 24412 8,106 2,567 -92.93%
Total - - - - - 3355484 2982596 2647313 2482516 -26.02 %
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Number Average water consumption [m3/year]

2005 2020 2035 2050 [%] 2005 2020 2035 2050 [%]

Pardubice Region

Cattle 121379 113308 105,299 97,289 1985% 3574579 3310899 3044693  2,778487 2227 %
Pigs 193783 163130 145235 130498 -32.66% 391,870 318,677 264,300 226,904 -4210%
SHG 10,741 15417 22,192 20029 +17027% 34,703 52,271 68,545 85715  +147.00%
E‘;‘;’:Z‘;n ds] 1,560 4,240 6,233 8018 +414.11% 94,885 263,251 366,548 460276 +385.09%
Total - - - - - 4096037 3945098 3744086 3551382 1330 %

Pilsen Region

Cattle 155,285 161,706 164,925 168,042 +8.22 % 4,566,030 4,856,781 5,077,715 5,296,814 +16.00 %
Pigs 212,974 112,189 3,200 0 -100 % 433,511 218,694 17,165 0 -100 %

SHG 16,985 20,335 14,389 7,585 -55.34 % 36,811 55,536 63,445 69,851 +89.76 %
[Pt(:ll:)l:;:mds] 1,869 2,837 2,989 3374 +80.50 % 96,683 177,010 192,358 228,571 +136.41 %
Total - - - - - 5,133,035 5,308,022 5,350,683 5,595,237 +9.00 %

Prague + Central Bohemian Region

Cattle 154934 148749 133779 117,284 2430% 4479486 4364063 3978862 3523076 -21.35%
Pigs 415646 315113 155118 13,142 -96.84 % 843,429 613222 269,712 22,850 -97.29%
SHG 15,780 36,062 60,524 85069  +439.09% 54,096 153,035 245,156 338955  +526.58%
E‘;‘;’:;‘;n ds] 4,907 5,264 5,359 5,475 +11.57 % 269,672 313,540 339,718 366,047 +35.74%
Total - - - - - 5646683 5443860 4833447 4250928 2472 %
Usti Region
Cattle 39,652 41,484 40,006 38,340 331% 1,176,507 1,241,420 1227,577 1210375 +2.88%
Pigs 116604 108400 145812 182292 +56.33 % 236,946 212,951 260,230 316,960 +33.77 %
SHG 13,033 17,347 28,850 37470 +187.50% 27,467 49,961 83,890 111,244 +30501%
E‘:\‘;‘:;’;n ds] 1,531 489 0 0 -100 % 94,653 22,931 0 0 -100 %
Total - - - - - 1,535,574 1,527,263 1,571,697 1,638,580 +6.71%
Zlin Region
Cattle 60,730 63,062 64,215 65,434 +7.74 % 1,846,582 1,034,708 1956930 2,003,772 +851%
Pigs 104,796 71531 28,053 0 -100 % 214733 141,449 48,777 0 -100 %
SHG 16,835 24,283 35,963 47728  +18351% 39,706 50,083 66,534 83078  +10923 %
E‘;‘;’:gn ds] 1,184 677 0 0 -100 % 61,036 35,055 0 0 -100 %
Total - - - - - 2162057 2161295 2,072,241 2,086,850 348 %

Note: SHG stands for sheep, horse and goat. The percentages (%) are calculated as the increase/decrease in the number of head or average water consumption from 2005 to 2050. E.g. a value of + 5.22 %
means that in 2050 the number of animals is expected to increase by 5.22 % compared to 2005.

The development of water consumption by livestock was predicted foreach  Zlin, and Viysocina regions; a slight increase is expected in the South Bohemian
region separately, with trends varying across individual regions. A steady state  and Pilsen regions; a significant increase in water consumption is predicted
of water consumption by livestock is expected for the South Moravian, Usti,  for the Karlovy Vary, Liberec, and Moravian-Silesian regions; a future decrease
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in water consumption by livestock is expected in the Hradec Kralové, Olomouc,
and Pardubice regions, as well as in Prague and the Central Bohemian region.
Water consumption trends in individual regions are the same for both average

and maximum water consumption by livestock (Fig. 6).

-24%

-13%

-8%

Fig. 6. Percentage change in average water consumption in individual regions of the Czech
Republic in 2050 compared to 2005

The results point to significant differences in water consumption between
regions, which is influenced both by the specific conditions in each region and
by the type and number of livestock (Fig. 6). Forecasts for 2025-2050 point to
possible changes in agricultural practices that will have an impact on future
water demand. A detailed description of the results was published in the meth-
odology [22] entitled Metodika hodnoceni spotfeby vody hospoddfskymi zvitfaty
v letech 2002-2020 a predikce vyvoje spotfeby vody hospoddrskymi zvitaty v letech
2030, 2035, 2040, 2045 a 2050 v jednotlivych krajich CR (Methodology for evalu-
ating water consumption by livestock in the years 2002-2020 and prediction
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Water abstraction
for energy industry

Water abstraction amount
1 Up to 16,000 thousands of m®/year
"1 16,000—88,345 thousands of m?/year
D Over 88,345 thousands of m?/year
#  Electricity production
& Gas production

# VyHeat production

Fig. 8. Surface and groundwater abstraction locations for energy in 2013-2022:
differentiation by quantity and type of production

of the development of water consumption by livestock in 2030, 2035, 2040, 2045
and 2050 in individual regions of the Czech Republic), published by CZU [22].
This publication provides a detailed overview of the methodology and fore-
casts that were used in this study and are key for the further development and
planning of water management in the Czech Republic.
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Fig. 9. Groundwater and surface water abstraction in the Czech Republic 1980-2022
CONCLUSION

As part of this analysis, the numbers of cattle, pigs, sheep, horses, goats, and
poultry (hens, ducks, turkeys, geese) bred in 2002-2020 were evaluated, and
their number in the following years until 2050 was also predicted (Fig. 7). Based
on the livestock numbers, their water consumption was determined. By 2050,
a significant reduction in the breeding of pigs and poultry is expected in most
regions of the Czech Republic and, in contrast, a significant increase in the num-
ber of sheep, horses, and goats. This is probably related to the subsidies for
the breeding of these animals. Livestock numbers will increase in some regions
and decrease in others. Significantly higher water consumption by livestock is
expected in the Karlovy Vary, Liberec, and Moravian-Silesian regions, while con-
sumption in the other regions will probably be similar or lower. In very vulner-
able areas from the point of view of water shortage, such as South Moravia
and the Central Bohemian region, a significant decrease in the amount of water
consumed by livestock is probable.

Analysis of water demand
for energy industry

METHODOLOGY

To estimate the water demand for energy industry sector in the Czech Republic,
researchers from TGM WRI used a systematic approach that includes data col-
lection, analysis of current conditions, and prediction of future demand.

1. Data collection: This included the collection of data on water consumption
in various branches of energy industry and the identification of key
consumption locations.

2. Analysis of data on current water use in energy industry: This phase focused
on the evaluation of historical data and the current state of water use
in energy industry.
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3. Prediction of future demand: This included the prediction of future water
consumption with respect to planned changes in the power generation
mix, including the transition to renewable sources and technology
modernization.

SUMMARY OF RESULTS

1. Data collection: Data on surface and groundwater abstraction for energy
industry by type of production (electricity production, heat production, gas
production) for 2013-2022, recorded on the basis of Decree no. 431/2001 Coll,,
by State River Basin Authorities. A total of 124 locations meeting the above-
mentioned conditions and also meeting the limit of abstracted water
above 6,000 m*/year or 500 m*/month were selected. The abstraction points
are shown in Fig. 8.

2. Analysis of data on the current use of water in energy industry: The data
show, among other things, that mainly surface water is abstracted for
energy industry. Furthermore, it is possible to observe the downward
trend in water consumption for energy industry since 2016; for example,
in 2020 there was a decrease in water consumption due to the transition
to circulation cooling at Mélnik and Opatovice power stations. In contrast,
in 2022 there was a significant increase in water consumption for once-
through cooling at Mélnik and Opatovice power stations when, due to
the energy crisis on the European market caused by the war in Ukraine
and the subsequent lack of natural gas, the condensation production
of electricity obtained from coal increased significantly. These examples
show that sudden and unforeseen events can have a significant impact
on water consumption for energy industry. fig. 9 shows an overview
of the current use of water in energy industry for 1980-2022 in comparison
with other sectors.

3. Prediction of future demand: The basic scenario that sets long-term
goals and direction in the field of energy industry at the country level
is the State Energy Concept (SEC). It is a key strategic document whose
main purpose is to ensure the stability, security, and sustainability
of the energy industry sector in the long term, which has a major impact
on the economy, the environment, and social aspects. SEC formulates
priorities in the area of energy production and consumption and sets
the development in the area of energy sources; on the basis of stricter
environmental regulations, preferred or, conversely, non-preferred energy
sources will be determined. By the editorial deadline of this article,
the new SEC had not yet been approved (its approval was postponed by
the government on 17th July 2024). The authors of this article therefore
base their predictions on the published MPO document “Aktualizace
Stdtni energetické koncepce” (Update of the State Energy Concept) dated
8th February 2024 [23]. According to this document, the not-yet-approved
SEC envisages a reduction in the use of coal — especially in connection
with the production of electricity and heat — with the fact that, after 2033,
coal consumption will be limited to non-energy use only (see Tabs. 6
and 7). On the basis of this available information, the water demand was
predicted according to future operated energy industry sources.



Tab. 6. Corridors for primary energy sources (relative to their total annual consumption)

Energy source Minimum Maximum
2050

Coal and coal derivatives 3% 4%
Natural gas 7% 7%
Crude oil and crude oil products 12 % 13 %
Nuclear power 32% 42 %
Renewable resources 36 % 44 %

Tab. 7. Corridors for gross electricity generation (relative to total annual generation)

Energy source Minimum Maximum
2050

Coal and coal derivatives 0% 0%
Natural gas 0% 0%
Nuclear power 36 % 50 %
Renewable resources 43 % 56 %
Other 7% 8%

Overall, it can be assumed that more than a third of coal-fired power stations
will be shut down, and those that remain will switch to burning biomass. There
will also be an increase in water consumption for the Temelin and Dukovany
nuclear power stations. In the case of most heating plants, it is expected that
after the necessary modernization, they will remain in operation and burn
biomass.

The prediction itself was determined by calculating the average maximum
and minimum quantity abstracted in 2013-2022 for individual consumers. For
each abstraction point, an index of future demand was determined, which
was then used to calculate the average maximum and minimum amount per
demand in 2050. For the maximum and minimum estimated demand, the drop
in surface and groundwater abstraction amounts to about 18 %. Fig. 10 shows
a comparison between the maximum and minimum average energy consump-
tion for 2013-2022 and the prediction for 2050. Fig. 11 shows this comparison bro-
ken down by regions.
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Fig. 10. Maximum and minimum average surface water and groundwater abstraction
for energy for 2013-2022 vs. estimated minimum and maximum abstraction for energy
in 2050
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Fig. 1. Maximum and minimum average surface water and groundwater abstraction
for the power sector for the years 2013-2022 vs. estimated minimum and maximum
abstraction for the power sector in 2050 by region

CONCLUSIONS AND UNCERTAINTIES

The estimate of water consumption for the energy industry indicates a reduction
in water demand for this sector compared to the current situation; the reduction
in water demand by 2050 will be about 18 %. Despite the large degree of uncer-
tainty, which is caused by the year of prediction, these values are actually real-
istic. It is also assumed that, due to the complexity of large constructions, there
will be no significant transfer of energy production between regions. Similar to
other sectors, in the case of predicting water demand for the energy industry,
there are uncertainties, which are reflected in the factors affecting water demand
now and in the future. With a view to 2050, an increase in the demand for elec-
tricity generation is expected, which will be a direct consequence of a higher
use of electricity than now (electromobility, heat pumps, air conditioning, etc.).
On the other hand, an increase in electricity production from renewable sources
(solar power, wind power, etc.) is expected, which do not affect water demand.
Among the general factors that influence the water demand are, in particular,
the technology used, installed capacity of the power station or heating plant, effi-
ciency of cooling, and use of recycling technologies. In terms of natural resources,
these are primarily precipitation and air temperature; a decrease in precipitation
and an increase in temperature can affect both the availability of water for cool-
ing and the demands on the necessary amount of water abstracted. A longer
period of drought could then result in lowering water resource levels and thus
an increase in water temperature, which would again increase demand on water
for cooling. In terms of legislation, these are laws and regulations related to water
use that affect the operation of power engineering facilities, while environmen-
tal regulations may require more efficient use of water. From an economic point
of view, these are also the price of water and the costs of its treatment that will
influence decisions on the types of energy sources and technologies. In view
of ongoing changes, it is important to continuously monitor the development
of this issue and regularly update predictions.

Analysis of water demand
for human consumption

TGM WRI researchers found that water abstraction for public water supply
systems (based on data recorded for the need to prepare the water balance
according to Decree 431/2021 Coll.) currently accounts for around 40 % of total
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water abstraction, with about 30 % of total surface water abstraction and about
80 % of total groundwater abstraction. In the case of surface water, approxi-
mately 90 % of the amount abstracted is provided by reservoirs. The difference
between surface and groundwater abstraction is in the number of abstraction
points (and related mean capacity): while surface water for public water sup-
ply systems is abstracted from around 140 abstraction points (of which approx-
imately 50 are from reservoirs), groundwater is provided by from approximately
2,500 abstraction points. Analysis of future water demand for public water sup-
ply systems is therefore important for both surface and groundwater balance;
however, it is absolutely crucial for groundwater. While individual abstraction
points (especially abstractions from reservoirs) can be assessed individually,
groundwater abstraction must be aggregated into larger units for balance pur-
poses. The solution can be provided by “working units of groundwater bod-
ies"used in the Czech Republic in planning according to the Water Framework
Directive (full name: Directive 2000/60/EC of the European Parliament and
of the Council of 23 October 2000, establishing a framework for Community
action in the field of water policy). These are about 1,200 territorial units cover-
ing the entire area of the Czech Repubilic in three horizontal positions.

METHODOLOGY

The forecast for water demand for public water supply systems is based on
demographic development forecast for 2050, which was provided by the Faculty
of Science Charles at University in Prague as a subcontract for the project. The fore-
cast contains data on the development of the number of inhabitants in municipali-
ties with extended powers in three variants (high, low, medium) and in the division
into urban and rural areas. The rural population, according to the Czech Statistical
Office (CZSO) definition, includes residents of all municipalities with a size of up
to 2,000 inhabitants and also municipalities with a size of up to 3,000 inhabitants
which have a population density of less than 150 inhabitants/km? In the next steps,
the way the forecasted changes in the number of inhabitants can be reflected
in the requirements for water abstraction was evaluated. For this purpose, data
of the Majetkovd evidence vodovodt (Property records of water supply systems)
recorded in accordance with Decree 428/2001 Coll,, and data on the actual amount
of water abstraction recorded for the need to prepare the water balance according
to Decree 431/2021 Coll. were used. The researchers first calculated the forecasted
changes in the number of inhabitants by 2050 provided for individual municipali-
ties with extended powers based on the current number of inhabitants per individ-
ual municipality (using CZSO data on the current number of inhabitants in munic-
ipalities). In the next step, they projected the forecast of changes in the number
of inhabitants into changes in water demand. The procedure was as follows: sur-
face and groundwater abstraction for public water supply systems were identified
in the register of places and the actual amount of water abstracted for the need to
prepare the water balance. With the help of data from the Property records of water
supply systems, abstraction points were connected to the supplied municipal-
ities (the property records of water treatment plants state the abstraction point
identifier according to the records for the water balance as well as the list of sup-
plied cadastral areas). According to the ratio of predicted changes in the number
of inhabitants in the supplied municipalities (compared to the present), future
demand for the amount of water abstracted at individual abstraction points was
also suitably adjusted (at the same ratio) compared to current demand. The aver-
age amount abstracted between 2016 and 2021 was considered as current demand.
In the case of groundwater, abstraction data and their predicted changes by 2050
(for the purposes of the balance assessment of resources and demand) were fur-
ther aggregated to the level of the so-called working units of groundwater bod-
ies used (also as balance units) for planning purposes. This procedure was partially
(to a lesser extent also details and on older data of the Record for the water bal-
ance and the Property records of water supply systems and sewerage) applied and
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verified in project No. V120192022159 “Vodohospoddrské a voddrenské soustavy a pre-
ventivniopatreni ke snizeni rizik pfi zdsobovdni pitnou vodou" (Water management and
water supply systems and preventive measures to reduce risks in drinking water supply).

RESULTS

Changes in the number of inhabitants in the supplied municipalities in the ref-
erence year 2050 compared to the present for current surface water abstrac-
tion points are shown in Fig. 12, and for the working units of groundwater
bodies in Fig. 13. For significant (over 500,000 m?. year”) current surface water
abstraction for public water supply systems, an increased number of con-
nected inhabitants by more than 10 % was predicted for the following water
reservoirs: Svihov (by 23 % for the high variant, by 14 % for the medium var-
iant), Klicava (by 18 % for the high variant, by 11 % for the medium variant),
Joseflv DUl (by 114 % for the high variant) and Vrchlice (by 112 % for the high
variant). In the case of groundwater abstraction, an increase in the number
of connected inhabitants was predicted in particular in (parts of) hydrogeo-
logical districts 6250 Proterozoic and Palaeozoic in the Vltava tributary basin,
6320 Crystalline in the Middle Vitava basin, 6230 Crystalline, Proterozoic and
Palaeozoic in the Berounka basin, 6240 Upper Silurian and Devonian Barrandien,
and 4510 Cretaceous north of Prague.

UNCERTAINTIES

The work was based on data available nationwide, i.e. only on the forecast
of the number of residents, and therefore did not take into account, for exam-
ple, abstraction from public water supplies for services or industrial enterprises.
The uncertainty in the prediction of the number of supplied residents was
reflected by considering high, medium, and low variants of the demographic
forecast. Some simplification was also achieved by considering the number
of supplied residents on a municipal scale (the actual connection to a cer-
tain water abstraction may only concern parts of municipalities).

Change in population in supplied
municipalities by 2050 in % (2020 = 100 %)

Surface water abstraction
for human consumption

® > 120
Amount of abstraction by 2050, thousands of m*/year & 105—120
<315 @ 95—105
315—-500 = 80—95
> 500 " <80

# State border
Region border
Watercourse

Fig. 12. Surface water abstraction for public water supply and change in the number
of inhabitants supplied by 2050 — medium variant
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Fig. 13. Groundwater body work units and population change in municipalities supplied
by public water supply by 2050 — medium variant

CONCLUSION

Ensuring sustainable management of water resources will be a key challenge
in the coming decades, especially as climate change and other factors may
significantly affect water availability and demand. It is therefore important to
determine the future demand for water in important economy sectors.

Industry:The future water demand in industry was not addressed by predicting
future developments, but by setting three fixed levels against which it will be pos-
sible to compare the actually available water resources at a given time. The start-
ing point for their determination was an analysis of abstractions at the regional
level. The baseline assumes that industrial water demand in the future will be
similar to the current one, or at the end of the assessment period 2009-2019.
Maximum value of future abstractions: the largest volume of water abstracted
recorded in 2009-2019 is used; it provides a realistic estimate of possible positive
deviations from the baseline. Critical value (must not be exceeded): in the analysed
period 2009-2019, the limits (maximum permitted quantities) for groundwater
and surface water abstractions were not fully utilized, thus providing a reserve
that is at least theoretically available to the relevant businesses. We can assume
that the limits for specific entities will not be increased in the future, thus deter-
mining a critical limit for the use of water resources.

Agriculture: Analysis of irrigation technology in the Czech Republic and esti-
mation of irrigation water losses enabled calculation of the approximate maxi-
mum amount of water needed for irrigation of typical crops such as “vineyards’,
“hop fields’, and “orchards”. Calculation of the indicative amount of water needed
for irrigation of crops such as “arable land”and “permanent grassland” was carried
out, while it is clear that irrigation on arable land is concentrated to a decisive
extent on vegetables and early potatoes, and on permanent grassland on mead-
ows for the production of fodder for dairy cattle. Development towards full irriga-
tion is not realistic — the assumption of using irrigation was applied only where
irrigation is already established. It is quite clear that groundwater should not be
used massively for irrigation in critical areas, as it is valuable water that should
be reserved for drinking purposes. Moreover, there will obviously be a combi-
nation of the demand for irrigation and low flow rates in watercourses (longer
periods of drought and heat). Water demand will therefore only be met by
the construction of additional reservoirs, or by adjusting the handling schedules
of existing reservoirs, if they have free capacity. The results of Global Circulation
Models (GCM) for various emission scenarios, especially for the periods 2015-2045
(2030) and 2035-2065 (2050), show that irrigation is needed even in regions where
the average water demand is decreasing. However, what remains an unanswered
question is the impact of the yet unconsidered variant based on the estimate
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of the GLOBIOM-CZ agro-economic model. It indicates a significant compara-
tive advantage of Czech agricultural production in the expected environmental
conditions, and therefore the possibility — despite climate change — of increasing
the profitability and market share of Czech agriculture on the market. The devel-
opment of water consumption by livestock has been predicted for each region
separately; trends across the regions vary. A steady state of water consumption by
livestock is predicted for the South Moravian, Usti nad Labem, Zlin, and Vysocina
regions; a slight increase is expected in the South Bohemian and Pilsen regions;
a significant increase in water consumption is predicted for the Karlovy Vary,
Liberec, and Moravian-Silesian regions; a future decrease in water consumption
by livestock is expected in the Hradec Krdlové, Olomouc, and Pardubice regions
as well as in Prague and the Central Bohemian region. Trends in water consump-
tion in individual regions are identical for both mean and maximum water con-
sumption by livestock.

Energy industry: The water consumption estimate for energy industry indi-
cates a reduction in water demand for this sector compared to the current sit-
uation. It is also assumed that, due to the complexity of large-scale construc-
tion, there will be no significant change in energy production between regions.
One of the main factors influencing water demand for energy industry will be
environmental regulations. From an economic perspective, this may also be
the price of water and the costs of its treatment, which may influence decisions
on the types of energy sources and technologies.

Public water supply: For significant (over 500 thousand m?. year”) current sur-
face water abstraction for public water supply systems, an increased number
of connected residents by more than 10 % was predicted for the following reser-
voirs: Svihov (by 23 % for the high variant, by 14 % for the medium variant), Klicava
(by 18 % for the high variant, by 11 % for the medium variant), Josefav DUl (by
114 % for the high variant), and Vrchlice (by 112 % for the high variant). In the case
of groundwater abstraction, an increased number of connected residents was
predicted especially in (part of) the hydrogeological districts Proterozoic and
Palaeozoic in the Vitava tributary basin, Crystalline in the Middle Vitava basin,
Crystalline, Proterozoic and Palaeozoic in the Berounka basin, Upper Silurian
and Devonian Barrandien, and Cretaceous north of Prague.

Estimates of water demand for various sectors of the economy are burdened
by many uncertainties and variable factors. The main areas of uncertainty and
variables that can affect the estimate of water demand include technological
progress (innovation and new technologies), climatic factors, economic fac-
tors, demographics, and legislative measures. For more accurate estimates, it
is therefore necessary to constantly update data and models based on new
trends and technologies. Regular monitoring and adaptive management
of water resources are key to efficient and sustainable water use.

This article briefly presents the results of the sub-objective “Scenarios
of future water demands for various climate scenarios and individual sectors
of water use” which is part of TA CR project No. S502030027 “Water systems and
water management in the Czech Republic and climate change conditions (Water
Centre) " More detailed information can be found on the “Water Centre” website
(https//www.centrum-voda.cz), including visualization of database data
in the Tableau environment.
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