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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DEVELOPING SCENARIOS OF SUSTAINABLE WATER-SUPPLY
FOR KAZAKHSTAN POPULATION AND ECONOMY UNDER
CLIMATIC AND ANTHROPOGENIC CHANGES AT THE REGIONAL,
NATIONAL, AND TRANSBOUNDARY LEVELS UNTIL 2030

Abstract. Principle of method is in the analysis of external environment for key factors and their combining for
creating alternative development scenarios. Alternatives formed in the scenario approach allow identifying an
aggregate of possible directions of environment development and thus create a basis for making strategic decisions.
This paper considers theoretical and methodological basis of scenario planning, including various approaches and
methods of scenario formation. Experience of this method application in Kazakhstan and abroad was studied.

The paper identifies natural factors affecting water-supply conditions. Advisability of forming external
environment development scenarios was justified for further development of alternative strategies for
hydrogeological survey improvement. Based on the algorithm of forming and transboundary levels until 2030 of the
proposed principles, scenarios were developed for creating plans of sustainable water-supply under conditions of
climatic and anthropogenic changes at the regional, national and transboundary levels.

In order to develop strategies and scenarios, as well as to identify vulnerabilities and negative impacts of
climate change, it is necessary to have complete information and data on the entire basin. Therefore, it is necessary to
collect and share the necessary information, data and models related to the basin as a whole, as well as all
components of the water cycle. Managing the process of adaptation to climate change, it is necessary to monitor the
situation and regularly update assessments, climate change scenarios and forecasts of the state of the water balance.

Climate change should be considered as one of the main causes of changes in the environment of water basins,
and as one of the many factors that put pressure on water resources. Therefore, adaptation scenarios for specific
basins should take into account not only climate change, but also changes in the demographic situation, economic
growth dynamics, dietary preferences, and so on. These scenarios should be developed with the greatest possible
cooperation with neighboring countries, and most importantly, using data and models that are consistent with them.

Key words: Scenarios method, external environment factors, strategy, alternative scenario.

Introduction. One of main tools actively used for the development of strategy in the past three
decades by the majority of western companies is the scenarios method. For today, there is no a concurrent
view on identification of the term “scenario planning”. Different researchers give their own interpretations
of the notion. From quoted identifications of many authors one can conclude that a scenario is deferent
from a forecast (description of comparatively predictable progression of events in the present) and is not a
projection — desirable future that a company endeavors to achieve. Forecasts and projections conceal risks,
scenarios on the contrary, make risk management possible. Scenarios are a qualitative description of a
situation containing individual quantitative estimates. This is their difference from forecasts where
emphasis is made on quantitative indicators as a rule. Scenario planning represents not only the
development of a company development scenarios, it is closely connected with strategic planning. Thus, a
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scenario is a description of a vision of the future comprising interconnected factors, with different
probability leading to predictable status of the conditions under study in the future.

Scenarios development. This stage includes: selecting of influencing factors; forecasting different
results of scenarios; combining significant factors and scenarios forming. While selecting factors, it is
recommended to rest upon the results of external environment analysis, to identify the most significant
factors that will be the basis for the scenarios. As a method applied at this stage with the purpose of
identifying the most significant factor. The stage must result in the selection of several most significant
and independent factors.

Fundamentals of scenario planning. Under conditions of the area of water supply to population and
the country economy, important is forecast of development of so-called scenario forecasting and
development of practical recommendations taking into account existing environmental and anthropogenic
conditions of the territories. Scenario planning helps managers get adapted to various versions of events in
the area of wide groundwater use, have certain specific solutions and alternative options of developments.

Within the framework of scenarios, incoming general economic preconditions, economic factors of
territories development level and government regulation, socioeconomic development, status of level of
water supply hydrogeological conditions can be considered. Theoretical aspects of strategic management
with considering of scenario planning toolbox, strategic and comparative analysis were taken as the
methodological basis for scientific research.

Development of practical recommendations for drinking quality groundwater prospected resources
sound management has special importance. Especially important this status should be taken into
consideration under conditions of arid climate and water resources deficit. There are various approaches to
identifying such notions as “scenario” or “scenario planning” among scientists in the area of strategic
management. So Michael Porter is of opinion that the scenario planning (SP) should be represented as
“inner consistent view of what the future can face about” [1]. Piter Schwartz gave the following definition
to SP: “A tool for ordination of existing representations about possible conditions of activities in the
future, where a decision made turns out to be a correct one” [2]. Jill Ringland believed that SP is “an
element of strategic planning founded on methods and technologies of managing the uncertainties of the
future” [3]. Paul Schoemaker identified SP as “a rational method to present possible options of the future
where decisions made by the organizations may be executed” [4]. Scenario planning includes not only
scenarios forming but also a set of managerial decisions, actions and activities within the framework of
strategic planning [5].

A scenario is a vision of prospects that look like a population of events coordinated and logically
mutually associated with a specific algorithm of actions which describes and gives details of the
forecasted status of a system — object of the strategic planning in the future. Most often, scenarios
represent a projection of qualitative nature, and here, some most important quantitative estimates are
acceptable and necessary. Thus, SP is different from forecasting where emphasis is made on a multitude of
justified indicators of quantitative nature.

SP is used in branches of economy, at enterprises and their strategic business units while evaluating
environment macroeconomic factors and raw materials markets. Scenario method is useful in definition of
the organization objectives, identification of development strategy, and also in long-term forecasting,
when current achievements lose their importance and significance of new possibilities application grows.
Theoretical aspects of strategic planning with consideration of scenario planning toolbox, strategic and
comparative analysis were taken as a methodological basis of the scientific research.

In SP, H. Kahn rests upon dynamics of qualitative indicators using retrospective approach of macro-
historic functioning and the system development. Thus, scenarios go from a hypothesis to facts. And as a
result, scenarios, according to H. Kahn, are a hypothetic sequence of events used for studying cause-effect
relations and leading to making strategic decisions [6].

Fresh groundwater as a part of mineral resources sector may be presented as a dynamically
developing socioeconomic system comprising a number of sub-industries. Each option of mineral
resources sector (MRS) development scenarios records certain dynamics of production development and
change in processing volumes formed on the basis of combination of possible development conditions.
Scenario approach allows consideration of all diversity of macroeconomic and technological conditions.
Aggregative country or region groundwater resources efficient use development options alternatives in the
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majority of cases is enough to describe on the basis of three scenarios — inertial, evolutional and
innovative.

In the part of ensuring favorable ecological situation, it is advisable to provide for in:

— the area of water sound management: construction and improvement of waterworks and treatment
facilities, reduction of surface and underground water bodies pollution with waste water and hazardous
substances arriving from urbanized and agricultural areas; providing population with clean drinking water;

— the area of land resources protection and use: ensuring complex approach to land (soil) use and
protection for its sustainable management;

— the area of forest resources protection and use: ensuring stable functioning of forest ecosystems,
preservation of forest biological and genetic diversity, increasing of ecologic-economic strength of the
economy forest sector;

— the area of waste management: prevention or minimization of wastes generation at account of
introduction of low- and waste-free technologies;

— the conservation of biological diversity, specially protected natural areas network optimization [7];

Water consumption growth which in the long term will become the main threat will occur under
influence of both climatic peculiarities including temperature increase, as well as a consequence
population pressure. To meet the need in foodstuffs and municipal needs, the humanity will need
additional water resources, which according to data of Food and Agriculture Organization of the United
Nations (FAO) by the mid-century will amount 70% of the current consumption level. Today, more than
1 bln people do not have access to clean drinking water, 2 bln — to wastewater disposal systems, 920 min
starve. To satisfy their needs and needs of another 2-2.5 bln new inhabitants of the planet, it will be
necessary to add to current 4,200 km® of water extracted from water sources, by almost 3,000 km® more.
This means that the humanity will encroach on those 9,000 km® that still retain ecological natural value of
water. Accordingly, irrespective of the increase or decrease in surface water, areas with poor water supply
destined for increasing water deficit due to implacable water use growth [8].

Thus, it is necessary to search for additional sources of water and increase the productivity of
available water resources. Right now it is difficult to forecast the extent of consumption increase in
connection with temperature increase, change in air humidity, demographic transitions. But it is apparent
that with the current unpredictability of all these changes, it is necessary to align water use mechanisms
and tools with economic use of resources available to people.

Water survival mechanisms. Transition to water resources integrated management allows curtail
water resources deficit drastically at account of public participation, integration of science and production,
combining interests of various industries (horizontal integration), linking levels of water hierarchy and
elimination of organizational losses on their junctions (vertical integration), and also engaging other water
sources. This method has been applied and is still applied for centuries in Spain, Italy, France.

Water resources integrated management is based on several fundamental principles:

— basin hydrographic management, which means building of organizations responsible for supply of
water, along its stream “top-down” with minimizing losses on junctions of water hierarchy and non-
admission of administrative interference;

— public participation of all water-users, which mean active involvement of non-governmental
organizations of water-users and water-consumers into top-down management on principles of parity with
the right of decisive vote and participation in financing;

— recording and inclusion of all types of water;

— combining interests of all industries and enterprises of water use;

— water saving;

— priority consideration of nature requirements;

— financial stability.

Creation of a clear and well-controlled system of water resources management. Water economy of
Israel (for arid area), water economy of the Netherlands (for coastal areas and areas of excessive humidity
in general) and water economy of Switzerland (for moderate landscapes with intensive level of
urbanization development) can be prototypes of future water management systems. For all above-listed
countries, characteristic is reverence to water as the basis of natural complex that has a tremendous ethical,
cultural and moral potential [9].
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Natural and anthropogenic systems in these countries are closely interlaced. Here is a centralized
public water management top-down identifying the order of distribution, limiting, monitoring of water
resources and their use with direct management top-down with wide involvement of all stakeholders. The
procedure set by the state for financing, interest of water-users and water organizations in water-saving,
guarantees sufficient funds for maintaining, improvement and development of facilities with participatory
interest of the state, but with a wide application of principles “user pays” and “polluter pays” (payment is
higher as higher the use and pollution). All hydroeconomic and reclamation systems comply with the high
technical level, are automated, equipped with on-line control, emergency forecasting and warning system.
By level of productivity they are getting close to potential water productivity [10].

Water economy by the end of XXI. 1t is possible to suggest that by the end of XXI century, high
technical level of future water economy systems will be ensured at account of the following components.

1. One hundred percent keeping record of all types of water (from basin main sources to the last
discharge outlet to a user, including all groundwater - their intake from wells, attenuation) and their
regular balancing on-line with SCADA systems. Such record-keeping will be accompanied by a dense
network of climate stations recording and transmitting to end-users and water organizations the data
allowing them with the use of programs available to them to adjust water consumption, mode of use and
water distribution plan. SCADA systems that have been used for almost ten years (for instance in the
Basin hydroeconomic association Syrdarya in Central Asia), ensure precision of water measurements and
water supply + 2% with comparatively low cost. Climatic maintenance systems are very well tuned up in
Canada, Israel, and a number of water districts of western U.S.

2. Well set up service of hydrological, climatic and reclamative forecasts with emphasis to forecast of
emergencies based of computerized program of satellite and ground tracking, information and warning.
Such services are operating successfully today in Korea and the Netherlands. In the Netherlands, the
service controls emergency mode of flood control works of the highest technical level — closing riverbeds
from the possibility of incoming of upsurge waves from the sea, operation of pump out houses, as we’ll as
complex networks of excess water entrapping and diversion [11].

Water supply and consumption in cities and rural areas will be ensured based on established regional
norms both for quality and quantity as a mandatory prerequisite for residential zones functioning. Other
needs will be satisfied (as in Israel) at account of service water use systems from unpolished, but permitted
effluents or brakish water. All municipal effluents will be collected, treated and sent via water ducts,
depending on treatment extent, to satisfy production needs, for watering of municipal and township plants,
sanitary service of built-up centers. Similarly rain and meltwater from storm sewage system will be
collected and used. “Green roofs” will gain ground — planting of vegetation on buildings’ roofs [12].

Irrigated farming as a major water consumer will change in a big way. Open channels supplying and
distributing water will disappear in the world. Irrigation water will be transported (on the model of the
majority of countries of Middle East) by closed pressure and free-flow conduits allowing avoidance of
losses for evaporation and infiltration. Irrigated fields will become automated controlled, depending on
climatic parameters, space. For soils with well-developed wicking properties in relatively plain valleys
and individual plateaus, controlled subirrigation will be widely used. This is the system of moistening
where all the water, save for precipitations, comes to a plant from groundwater. Groundwater level,
depending on development stage of a plant and depth of its root zone, will be regulated by a system of
underground pipelines spaced 1.5-3.0 m that will function both as deep drainage as well as water disposal
during cessation of watering. Such pilot systems with automatic regulation of water conditions organized
in Quebec (Canada) by McGill University, has been functioning for many years now [13-14].

Improved water-use systems will demand also improvement of drainage systems including collectors
that will be closed. Dense observation network with sensors reflecting groundwater depth readable from
the space, and also inspection manholes on collectors and drain lines with the same sensors will be under
constant control of automated hydrogeological-reclamative parties. This will allow evaluation of drainage
function, extent of salinity hazard, trace violations of forecasted water-salt balance and development of
recommendations for using mineralized water and preventive maintenance of the drainage network for
water-users [15].

Keeping of today’s trends in water resources use and management is disastrous and inadmissible. It is
a path of conflicts, crisis, hunger and thirst.
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Recommendations and scenarios for prevention and mitigation of adverse effects of groundwater
status change at regional and national levels in Kazakhstan.

Climate change should be considered as one of the main reasons for change in water basins
environment, as well as one of many factors exerting pressure upon water resources. Therefore, scenarios
of adaptation measures for specific basins, it is necessary to take into account not only climate changes,
but also changes in demographic situation, economic growth dynamics, nutritional preferences etc. These
scenarios must be developed with the maximum possible cooperation with neighbor countries, and what is
especially important — with the use of models and data agreed with them [16-17].

— One of effective approaches to fulfilling the task of water resources management adaptation to
climate change is the development of a plan (national or transboundary) of adaptation measures in the
scales of a specific water basin (river, lake or groundwater), which subsequently could be integrated into
(existing) plan of respective basin management.

— To develop strategy and scenarios, and also to identify vulnerabilities and adverse effects of climate
change, it is necessary to have full information and data about the whole basin. Therefore, it is necessary
to ensure collection and sharing of required information, data and models related to the basin as a whole,
as well as to all water cycle components. To be able to flexibly manage the process to adaptation to
climate change, required is a system of situation monitoring and regular correction of estimates, scenarios
of climate change and forecasts of water balance status.

Potential of adaptation to changes and water safety. Strengthening of water safety often requires
combining of technical, economic, production, legal and institutional measures. Water safety concept may
help identify which measures are priority. Selection of measures depends on conditions and goals. Each
specific situation has its problems and context that affect what can and must be done [18].

Committee for water resources of re-created in 2019 Ministry of Ecology, Geology and Natural
Resources (EG&NE RK) is the national body responsible for the use and protection of water resources. It
issues permits and consents for the use of surface water and underground water resources. It is also
responsible for water supply system management. With the help of eight basin organizations responsible
for the use of water resources in river basins and having advisory powers, its activity covers water
resources management at the level of river basins. Committee for Geology and Subsoil Use of
environmental protection issues permits and monitors status of groundwater. The National
hydrometeorological institute, Kazgidromet monitors water quality and quantity. Territorial
administrations of environmental protection supervise at oblast level, perform environment impact
assessment and ensure monitoring of wastewater discharges. Through the Committee for Geology and
Subsoil Use, the Ministry of EG&NE RK is responsible for groundwater status monitoring, including
water quality. The Ministry of Health monitors situation with access to drinking water and its quality.
Ministry of Emergencies carries out relevant activities in case of floods, droughts and ensures protection
of water bodies from pollution resulting from emergencies. It also deals with the issues of safeguarding
and security of waterworks.

Groundwater. Groundwater is the largest source of fresh water for the humanity. Isotopic methods
are based on the use of stable and radioactive isotopes, naturally present in groundwater to identify origin
of such water and rate of its replenishment.

Groundwater makes about 30 percent of water stock of fresh water. another 69 percent are
concentrated in polar ice, and only one percent of fresh water is rivers and lakes. Groundwater often
occurs in deep aquifers, permeable rock and sediments and is extracted via wells equipped with pumps.
Aquifers in many cases are renewable sources that are slowly recharged by infiltration of precipitations
within hundreds or even many thousands years.

Growth of the plant population along with farming intensification and increasing commercial
consumption results in constant increase in demand for groundwater. In many regions water management
bodies have to face excessive use of available aquifers, which often results in the necessity to use water
from deep ancient beds to ensure reliable fresh water supply. Besides, there are hazards related to
groundwater penetration of pollutants and toxins used for instance in agriculture, industry or activities of
municipal services.

Scientific assessment of aquifers origin and rate of replenishment has a decisive importance, so that
they could carry out their function of a reliable long-term source of water supply. Stable and radioactive
isotopes naturally present in groundwater can be used for obtaining detailed information about

— 10 ——
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groundwater origin and replenishment rate. Water isotopes (hydrogen, oxygen) and radioisotopes
(tritium), dissolved carbon (carbon-14) and inert gases (helium-3, helium-4 and krypton-81) are used to
assess groundwater age.

Struggle with groundwater pollution is not an easy task since pollution of aquifers is quite difficult to
eliminate. Stable and radioisotopic indicators (nitrogen-15, carbon-13 and tritium) are used for recording
pollution sources and quantitative estimation of pollutants transformation and biodegradation in aquifer
systems.

How can climate change affect status of global water stock in hundred years? To answer such
questions, scientists resort to help of scientific models. One of them is water balance isotopic model
developed by IAEA, by virtue of which specialists may quite precisely and reliably forecast the impact of
climate change upon water resources in the far future. Information collected by them can be useful for
decision-making authorities while developing strategies of sustainable water-use for future generations.

Such models are based on available data and are used for studying and apprehension of hypotheses,
objects and processes, direct observations of which can be difficult. This relates also to preliminary
calculations such as forecast of weather conditions for the next week or evaluation of unemployment rates
within next five years. Although this model is in substance a more general and simplified picture of real
world, each of its components is thoroughly calibrated to ensure faithful representation of processes going
on in the reality.

Water balance models describe hydrological cycle from the view of precipitations falling processes,
cumulative evaporation, river flow and change in volumes of water stock. As opposed to many traditional
models of water balance, calibration and verification of IAEA model are performed based on data about
isotopes, as isotopes are characterized with well-defined features and constancy in behavior. Resting upon
thoroughly calibrated and verified water balance model, scientists may obtain a precise assessment of the
processes that will be going on in the future, for instance, impact of climate change upon water resources
in one hundred and more years. [19-20].

Study of climate in Kazakhstan. Starting from early 60-s’, Kazakhstan experiences constant increase
of temperature. Seasons become warmer on average. Temperature constantly rises, and increase rate is
about 0.028 degree a year, or 0.28 degrees every 10 years. The system of calculation and evaluation of
damage needs reforming. “It is necessary to take into account not only losses that have happened here and
now, but also consider future economic losses from damage to health, infrastructure destruction or
impairment” - experts say.

According to data of studies of RK Ministry of Energy and UNDP, maximum number of extremes in
the nature of Kazakhstan occurred in 1999 - 268 cases with frequent repetition of heavy precipitations,
snowstorms with windstorms and hail. Minimum number is 72 in 1995. Experts note that climate is still
changing and will change in the future, and every year manifestations will be more noticeable. The study
says that Kazakhstan to significant extent is exposed to natural disasters due to climatic and weather
conditions: country occupies vast territory with different climatic zones — from very hot and dry desert
belts in the south to very cold in winter steppe and forest belts in the north. “Climate will be drier and
harder. Due to high air temperature, evaporation will grow as well as water consumption.

In XXI century, in Kazakhstan further significant climate warming in all scenarios under
consideration should be expected. The forecasted change of average annual air temperature by 2030 will
be within 1.5-1.7 degrees, and by 2085 temperature rise may make 2.7-4.7 degrees”, - the experts say. East
of Kazakhstan and Almaty oblast will suffer from changes in nature. Eastern and south-eastern territories
of Kazakhstan may suffer to greater extent due to changes in nature. In mountainous area, all types of
natural disasters are possible: landslides, mud flows, avalanches, floods, hurricane winds, hails, storm
precipitations, frosts and droughts. Experts believe that Almaty oblast is under the highest exposure of
extremes. Almost every second case happens in this region: heavy rains, wind, snow and snowstorm.
Here, in the period of 2003-2015, as compared to previous period of 1990-2002, average annual number
of cases with heavy rains increased by 3.9 times, with heavy snow — by 3.3 times, with strong wind — by
1.6 times. “Increase of number of mudflow events almost by two times, strengthening of output of
extreme weather events — damage to environment, infrastructure and health of population, and this
represents pressure not only to the state providing services of transportation, healthcare, prevention of
emergencies, but to business operating in climate-oriented industries — tourism, agriculture, water
resources. Companies operating in these areas will also experience and spend due to climatic events, and
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this also needs evaluation and expertise”, a specialist noted. Climate changes impacted and will impact all
the population of the country, for instance, agricultural branch will be harmed. According to experts,
intense atmospheric and soil draught is possible, which will destructively impact productivity of crops.
Watering zones for crop farming will be shifted to zones where will be more ample precipitations and
those zones will be losing their area.

Conclusion. This paper combines contemporary views about water safety and suggests methods of
actualization of the concept in practice. It rests upon scientific literature and experience of partners along
the chain of knowledge of the Global Water Partnership (GWP) about concept application in practice. The
paper considers three components. The first — explains the concept of water safety and describes various
frameworks where the concept is used. Comparison was made of approaches to water safety between
development approach and the approach based on risk assessment. Second part describes relations
between the concept of water safety and Water Resources Integrated Management (WRIM) and states that
they are interconnected and that water safety should be considered as a WRIM goal. Third part suggests
frameworks for quantitative estimation of water safety giving notes and recommendations, how to apply
them at the national level, level of a riverbasin or city, and in a project scale. There is no “one-size-fits-all”
solution. Decisions of water safety increase must be adapted to local conditions of each country, river
basin, city, project and other management areas.
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2030 JKBIJIFA JIEMTH OHIPJIK, YJITTBIK )KOHE TPAHCINEKAPAJIBIK
JNEHTENJIEPJE KJIMMATTBIK "KOHE AHTPOIIOTEH/IIK O3TEPICTEP
FKAFTAMBIHJIA KAZBAKCTAH XAJIKbI MEH DKOHOMHKACBIH TYPAKTBI
CYMEH KAMTAMACBI3 ETY CHEHAPHILJIEPIH O3IPJIEY

AHHOTanMsI. OJICTIH MOHI Heri3ri (akTopaapabiH OO0JYbI YILIH CHIPTKBI OPTaHbI TAJAY JKOHE OaaMalibl JaMy
CLieHapUiNepiH Kypy YlIiH OipikTipyMmeH Oaitnanbictsl. ClEHAPHUSIIBIK KO3KApacTa KaJbIITACKAH OalaMmanap Kopiia-
FaH OPTaHbI JAaMbITY/IBIH MYMKIH OaFbITTapbIHBIH )KUBIHTBIFBIH AHBIKTAYFa HOHE COJI apKbLIbI CTPATETHSJIBIK IIEIIiM-
Jlep KaObuiiayra Heri3 jkacayra MyMKIiHIIK Oepeni. Byn makamama opTypii Tociingep MeH cleHapuiinepai Koca,
CLICHApUII JKOCIapiiayAblH TEOPUSUIBIK JKOHE O/liCHAMAINBIK Herizzepl KapacTeipbiiasl. byn omicti Kazakcranna
JKOHE LIETelIe KOJIIaHy TOKIpUOeci 3epTTelii.

Maxkamaga cyMeH >KaOAbIKTay >KarJaiiblHa ocep eTeTiH TaOuFu (axkTopiap aHBIKTANFaH. | MIPOTreoIOTHsITBIK
KYMBICTAp/IbI XKETUIAIPYAiH Oanama cTpaTerusuIapbiH O/1aH 9pi AaMbITY YIIiH CHIPTKBI OPTaHbI AaMBITY CLIEHApHiijIe-
PIH KYPYJbIH OPBIHIBUIBIFBI IdJesneH . ¥ ChlHbUIFaH KarunaiaapasiH 2030 kbuiFa JeiiHTi KypbUIbIC ajJropuTMiHE
JKOHE TpaHCIICKapalbIK ACHIeire cyiieHe OThIPBIN, alMaKThIK, YITTBIK JKOHE TPaHCIIEKAPAJIbIK JeHreinepaeri Kiu-
MAaTTBIK JKOHE aHTPOIOTEHIIIK ©3repiCTep JKarAaiblHIa TYPaKThl CYMEH jKaOAbIKTay >KOCHapliapblH 93ipjey cleHa-
puiiepi xKacasl.

Cuenapuiiniep meHOepiHe KipeTiH jKaJbl SKOHOMUKAIIBIK, alIFbIIIAPTTAp, AyMaKTap/Ibl TaMbITYIbIH YKOHOMH-
KaJbIK (haKTOpPJIAPhI HKOHE MEMJICKETTIK PETTEeY aHBIKTAJIbl. OJIEYMETTIK-OKOHOMHKAJBIK JaMy, CYMEH KaMTaMachl3
eTY/IiH THIPOTeONIOTHSUIBIK JKaFIaiIapbIHbIH JKai-KyHi Kapaiabl. FeulbIMU 3epTTey/iH dficTeMeNiK Heri3iHe cleHa-
PHIATIK JKOCTIapIiay, CTPATerHsUIbIK JKOHE CaJIbICTBIPMAIbl Tajllay KYpaAapblH KapacThIPyMEH CTpaTerusuiblk Oacka-
PYIBIH TEOPHUSUIIBIK acTIEKTiIepi aJbIHFaH.

Crparerust MeH ClLeHapHiliepi a3ipiey YIIiH, COHJal-aK KIMMATThIH ©3repyiHiH OCalIIKTapbl MEH Tepic caj-
JlapiapblH aHbIKTay YIIiH OapiblK OacceiiH Typasibl TONBIK aKmapar IeH Jepektepre ue 0ony kaker. COHIBIKTaH
Kanmbl 6acceifHre KaTBICTHI KAXKETTI aKIapaTThl, JepeKTep MEH YITiIepi, COHAal-aK Cy IUKIBIHBIH 0apiIblK KOMIIO-
HEHTTEPIH JKUHAY /bl JKoHe OlpJecin naiaanaHy/pl KaMTaMachl3 eTy Kaxer. KimmarTely e3repyine Oeilimzeny npo-
LeciH MKeMJi Oackapy MYMKIHZIIr Oojy YIiH, )KaFiaiilbl MOHUTOPUHILIEY JKoHE Oaranayibl, KIUMATThIH €3repy
CLICHAPUINIEPIH JKOHE Cy TEHIrepiMi Kal-KyHiHiH OOoJKaMAapblH TYPaKThl HaKThUIAy Kyieci KaxeT. KiumMaTTsiH
e3repyiH cy OacceiHiepi OpTaCchIHbIH ©3repyiH TyAbIPAaThiH 0acThl cebenTep/iH O0ipi peTiHae KoHE Cy pecypcTapbiHa
KBICBIM KOPCETETiH KomnTereH (hakTopiapabiH Oipi peTinae KapacTeipraH jkoH. COHIBIKTAH HAKTHI OacceiHaep YIIiH
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Oeliimyieny IapanapblHbIH CHEHAPUIlIepiHIe KIMMATThIH ©3repyiH FaHa eMec, COHJal-aK AeMOorpadusIIbIK KarIaii-
JIbIH ©3TrepyiH, SKOHOMHKAIBIK 6CY CEpITiHIH, TAMAKTaHy1aFbl AP THIKIIBLUIBIK )KOHE T.0. ECKepY KaKeT.

AyBbI3 Cy caracblHIarbl JKep acThl CYJIapbIHbIH OapiaHFaH KOpJapblH YTHIMJbI HalaiaHy jKeHIH/Ie MPaKTHKa-
JIBIK YCBIHBIMZIAP 93IpJey/iH aca MaHbI3Ibl MOHI Oap. By skarmaipl apuiaTi KIMMAT JKOHE Cy pecypCTapbIHbIH
TaNIIbUIBIFBI JKaFIaibIH/IA PEKIIe eCKEePY KaXeT.

Byt xymbIC Cy Kayilci3airi Typaibl Kasipri 3aMaHfbl TYCIHIKTepAi OIpiKTipeai >KoHE TYXKbIPbIMIAMaHBI ic
KY3IHJIE JKYy3ere achlpy Tociaepin ycbiHa . On FeutbiMu oneduertepre xone JKahauneik Cy Cepikrectik (GWP)
Oimim Ti30eri OOWBIHIIA OPINTECTEPiH TYKbIPbIMIaMaHbl TOHKIpHOeIe KONJaHy Typajbl ToxipuOeciHe cyiieHeni.
JKymbicTa yir kypamaac 0esik KapacTeipbuiansl. bipiHimici — cy Kayinci3/iri TYKbIpbIMIaMachlH TYCIHIIpE KoHe
TY)KBIPbIMJIaMa KOJIaHBUIATHIH TYPII ieHOepiepai cunarraiinsl. Toyekemnnepai Oaranay HeriziHae AaMy Toci MeH
TOCLUI apachlHIAFbl Cy KayilCi3/iriHe KaThICThl KO3KapacTapbl CANBICTBIPY kacaiabl. ExiHmi Oeim cy Kayincizairi
TY)KBIPBIMJIAMAChl MEH Cy pecypcTapbiH HHTerpalusuianFal 6ackapy (CPUIB) apaceinnarbl KaThIHACTAP/IbI CHIIATTAT-
JIbl )KOHE OJIap/IbIH ©3apa OaiIaHbICThI eKeHIH xoHe cy Kayincizairin CPUb mMakcarsl peTiHie KapacTblpy KEpeKTirin
Oekiteni. YuriHmi 0eJiiM Cy Kayinci3airiH caHAblK Oaranay YIIiH IIEKTepHAi YChIHA/bI, OJIapAbl YITTHIK JeHrene,
©3CH/IIK OacceiiH HeMece Kajla JIeHreiiH/Ie XoHe K00a ayKbIMbIH/A Kajlail KoJiJaHyra 0oJa/(pl JereH MbIcaap MEeH
yChIHBICTapAbl KenTipineni. «bip enmieMre coiikec kenerin» emiMm koK. Cy KayilCi3airiH apTThIpy KOHIHeri
rerrmMaep apoip enjiiH, e3eH OaccelHiHiH, KallaHbIH, )KOOaHbIH jkoHe 0acKapyblH 0acka Jia callallapbIHbIH JKepri-
JIKTI XKarnainapeiHa 6erdimMuenyi THic.

Tyiiin ce3aep: cueHapuii ofici, Kopiuaran opTa (haKTopiIaphl, CTpaTerus, basamMa CleHapHil.
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PA3PABOTKA CHHEHAPUEB YCTOMYHUBOI'O BOJJOOBECIIEYEHUS HACEJIEHUS
N SKOHOMMUKH KA3AXCTAHA B YCJIOBUSX KIMMATHYECKHUX
W AHTPONIOTEHHBIX U3MEHEHUI HA PETUOHAJIBHOM,
HAIIMOHAJIBHOM U TPAHCTPAHNYHOM YPOBHJSIX 10 2030 'OJA

AnHotanusi. CyTh MeTOJa 3aK/IIOYaeTCsl B aHalW3e BHEIIHEW Cpeibl Ha HAJMYUE KIIOYEBBIX (DaKTOPOB H
KOMOMHUPOBAHUM MX [UIs CO3JaHHs abTEePHATHBHBIX clieHapueB pa3BuTHsi. CPopMHpPOBaHHBIE B CIEHAPHOM
MOJIXOJi€ AbTEPHATHUBbI TO3BOJISIIOT BBIIBUTH COBOKYIHOCTh BO3MOXKHBIX HAIIPABJICHHH Pa3BUTHSI OKpYKarolien
Cpeibl ¥ TeM CaMbIM CO3/IAI0T OCHOBY JUIsl IIPUHSTHSI CTPATErHYECKUX pelleHui. B naHHOW cTaThe paccMOTPEHBI
TEOPETHYECKHE U METOJNYECKHE OCHOBBI CIIEHAPHOI'O TUIAHWPOBAHUS, B TOM YHCIIE Pa3lIUuHbIe OAXOAbI U METO/IbI
dbopmupoBanus crieHapueB. M3ydeH onbIT IPUMEHEHHUs JaHHOTO MeToza B Kazaxcrane u 3a pyoekom.

B crarbe BbIsIBICHBI IPUPOIHBIE (haKTOPBI, OKA3bIBAIOIINE BIUSHHUE HA YCIOBHs BojocHa0keHuss. OO0CHOBaHA
1enecooOopa3HocTh  (POPMUPOBAHKS CICHAPUEB pAa3BUTHsI BHEIIHEW cCpexbl Ui JalibHeiliieil pa3paboTku
aNbTePHATHUBHBIX CTPATEruil MAJsl COBEPIICHCTBOBAaHHS THAPOreojornueckux pabor. Ha ocHoBe anropurma
MOCTPOCHUS M TPAaHCTPaHWYHOM ypoBHAX 10 2030 roma mpeayoxKEeHHBIX MPHHIUIOB pa3pabOTaHBl CIEHApUU
pa3BHUTHUS UIAHOB YCTOWYMBOIO BOMOOOECIICUEHHS B YCIOBHSX KIMMATHYECKUX W aHTPOINOTCHHBIX M3MEHEHHH Ha
pEerHoHaIbHOM, HAIIMOHAILHOM M TPAHCTPAHUYHOM YPOBHSIX.

B pamkax cuieHapueB pacCMOTPEHbI BXOSIIHE 00IIEIKOHOMUYECKUE TIPEINOCHUIKH, IKOHOMHYECKUE (HaKTOPbI
pa3BUTHUSL TEPPUTOPHHA W TOCYNAPCTBEHHOE PEryJMpPOBaHUE, COLMAIBLHO-DKOHOMHYECKOE Ppa3BUTHE, COCTOSHHE
THJIPOT€0JIOTHYECKUX YCIOBHI BOJOOOECIICUEHHOCTH. B MEeTOMYeCKyr0 OCHOBY HAyYHOTO MCCJIEOBAHUS TIOJIOXKE-
HBI TEOPETHYECKUE ACTIEKThl CTPATEINUYECKOr0 YIPABJICHUS C PACCMOTPEHHUEM WHCTPYMEHTAPHS CLEHAPHOIO IIaHH-
POBaHMs1, CTPATErHYECKOr0 U CPABHUTEIILHOTO aHAIIM30B.

st pa3pabOTKK CTpaTeruu U CLIEHAPHEB, & TAKXKE /IS BBISBICHHS YS3BUMOCTEH M HEraTHBHBIX MOCIEACTBHIMA
M3MEHEeHHs KJIMMaTa HeOOXOIMMO pacrojiaraTh HMOJTHON MHQOpManued u gJaHHBIMH 000 BceM OacceifHe, Mo3ITOMY
HeoOX0IMMO 00ecreunTh cOOp W COBMECTHOE HCIOJB30BaHHWE HEOOXOauMOW WH(OpPMAIWH, JAHHBIX U MOJIEICH,
Kacaroluxcs OacceifHa B IEJIOM, a TaK)Ke BCEX KOMIOHEHTOB BOJHOIO LHMKJIA. 4TOOBI MMETh BO3MOXHOCTh THOKO
YIPaBISITh MPOLIECCOM aJANTAlMM K U3MEHEHHIO KIIMMaTa, He00X0IMMa CUCTEMa MOHHTOPHHIA CHUTYallUd U pPery-
JISIPHOTO YTOYHEHHUSI OLICHOK, CLICHAPUEB M3MEHEHUsI KIIMMaTa U [IPOTHO30B COCTOSHHSI BOAHOTO OanaHca.
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M3MmeHeHne kmMara cienyeT paccMaTpUBaTh Kak OAHY U3 TVIABHBIX IMPUYHH, BBI3BIBAIOMINX U3MEHEHUE CPEIbI
BOJHBIX 0acCeHOB M KaK OIMH W3 MHOTOYHCICHHBIX (DaKTOPOB, OKA3BIBAIOIIMX [IAaBICHHE HAa BOJIHBIE PECYPCHI
[TosToMy B crieHapHsIX Mep afanTaluy A KOHKPETHBIX 0aCCEHHOB HEOOXOINMO YUHUTHIBATH HE TOJIBKO M3MEHEHUE
KJIMMAaTa, HO TaK)Ke M U3MEHEHHs ieMorpaduieckoil CUTyalu1, JMHAMUKHA 3KOHOMHYECKOTO POCTa, MPEANOYTEHHN B
MUTAaHUU U T.0. OTH CICHAPUM TOJDKHBI pa3padaThIBaThCAd NMPH MAKCHMAIbHO BO3MOXXHOM COTPYAHHYECTBE C
COCEIHUMH CTPaHaMH, ¥ 9YTO OCOOCHHO Ba)KHO — C HCIIOJIH30BAHMUEM COTJIACOBAHHBIX C HUMH JAHHBIX M MOJIEIIEH.

Oco060 BaykHOE 3HAYEHHE MMEET pa3padOTKa MPAKTUYECKUX PEKOMEHIAIMH M0 PariOHAIBHOMY HCIIOIb30Ba-
HUIO pa3BeIaHHBIX 3aI1aCOB MOJ3EMHBIX BOJ MUTHEBOTO KadecTBa. OCOOCHHO BaYKHO YUUTHIBATH JTAHHOE MOJI0KECHUE
B YCJIOBHSX apHIHOTO KIMMaTa U Ae(UITNTa BOTHBIX PECYPCOB.

Hannas pabora 0ObEIUHSET COBPEMEHHbIE IPEICTABICHHS O BOAHOW 0E30MACHOCTH M IIPEUIaraeT CrocoObl
peanu3anyy KOHLIENINH Ha npakTtuke. OHa OmMpaeTcs Ha HAyYHYIO JINTEPATypy H OIMBIT MAPTHEPOB IO HEMOYKe
3Hanuil ['modansroro Boguoro Ilapraepcra (GWP) 0 npuMeHEHHH KOHIICIIIMU Ha IpakTuke. B padore paccmar-
puBaroOTCs TpU cocrapisitonine. [lepBas — OOBSCHSAET KOHLEMINIO BOAHOM 0E30MaCHOCTH M OMMCBHIBAET Pa3IMYHbIC
paMKH, B KOTOPBIX HCIOJNB3yeTcss KoHmenuus. CremaHo CpaBHEHHE MOIXOJOB K BOJHOW 0€30MacHOCTH MEXKAY
MOIXOAOM DPAa3BUTHSA M TOAXOJOM Ha OCHOBE OIEHKE PHCKOB. BTopas 4acTh ONMCHIBAET OTHOIICHUS MEXKIY
KOHLIENIIMeH BOIHON Oe3omacHocTH U VIHTerpupoBaHHbIM yripaBieHueM BoAHbIMU pecypcamu (MYBP) u yTBepxk-
JIaeT, YTO OHHM B3aUMOYBSI3aHbBI, U YTO BOAHYIO 0OE30IaCHOCTH CIIEAyeT paccMaTrpuBaTh B KadectBe Henn WYBP.
TpeTbs 4acTh mpeylaraeT paMKH JUisi KOJMYECTBEHHOW OLIEHKH BOJHOW 0€30MacCHOCTH, HPUBOAS MPHUMEPHI U
PEKOMEHAANNH, KaK X IPUMEHATh Ha HAI[MOHAJIEHOM yPOBHE, YPOBHE pEYHOT0 OaccelHa Wil ropoja u B MaciuTade
mpoekTta. He cymiecTByeT pemieHns: «0IuH-pa3Mep-IoAXOIUT-BceM». PelieHns Mo MOBBIMICHHIO BOTHOW Oe3omac-
HOCTH JOJDKHBI OBITH aJaNTHUPOBAHBI K MECTHBIM YCJIOBHSAM KaXKHAOH CTpaHbBI, PEYHOTO OacceifHa, ropofa, MpoeKTa U
JIPYTUM OOJIACTSIM yTIPABIICHHS.
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