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Abstract. The relevance of the topic is driven by the importance of digital transformation in
agriculture. The application of big data technologies in the country’s agro-industrial complex
contributes to income growth, cost reduction, and increased efficiency of production processes.
The goal is to identify the challenges of analyzing large volumes of information in the functioning
of the agrarian sector in the context of global trends and challenges. The country’s agro-industrial
production faces a shortage of qualified personnel, high costs of digital transformation, and
outdated solutions. A new challenge has emerged —the training of specialists in working with large
data sets is complicated by the lack of sufficient practical experience among producers and
integrators of innovative models. Methods — analytical, comparative analysis, and graphical
methods were used to visualize materials and substantiate conclusions. The study includes
analysis of case studies from Russia, the USA, Ukraine, Israel, and Kazakhstan, demonstrating
practical adaptation of scientific approaches. Results — limitations restricting the interpretation of
digital document flow in the agro-industrial complex were identified, and barriers hindering its

36 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Agricultural policy: mechanism of implementation


https://www.jpra-kazniiapk.kz/
file:///E:/Новая%20папка/Desktop/журнал%20№4-2024/Журнал%204-24/10.46666/2024-3.2708-9991
mailto:е.kaliyaskarova@almau.edu.kz
mailto:е.kaliyaskarova@almau.edu.kz
mailto:е.kaliyaskarova@almau.edu.kz

ArpapJasIK HapbIK npodaemanapsol, Ne 2, 2025 ISSN-L 2708-9991, ISSN 1817-728X

G000 0000000000000000000000000000000000000000000000000000000000
widespread adoption in the sector were highlighted. An expert assessment was given on the current
state and prospects for the implementation of analytical tools based on awide range of factual data
in the agriculture of several foreign countries, with an emphasis on the potential for transferring
successful practices to the agro-industrial complex of the Republic of Kazakhstan. The use of
satellite monitoring and unmanned aerial vehicles (drones) was demonstrated, providing high-
precision and real-time data on the condition of agricultural land. Conclusions — priority directions
for the implementation of these nanotechnologies in the short term (5 years) were determined, and
a conditional structuring of stages for the medium and long term (10 years) was proposed in the
form of three sequential phases.

AHaaTtna. TakblpbINTbIH ©3€KTiNiri aybin wWapyawbibifblHAaFbl LU pnbIK TpaHchopMauUAHbIH
MaHbI3AbINbiFblHA 6annaHbICTbl. Pecnyb6nukaHbiH arpoeHepKacinTik KeweHiHAe YNKeH AepeKkTep
TexHonornaAnapbiH KonpaHy KipictepaiH ecyiHe, WbIFbiHOapAblH TOMeHAeYyiHe X9He OHAIpICTIK
npouectepaiH TMiMmainiriH apTTbipyfa biknan etegi. Makcamsbi - xahaHablK ypAaicTep MeH CbiH
KaTepnep KOHTeKCTiHOe arpapnblK CEeKTOPAbIH XYMbIC icTeyiHAeri aknapatTbiH eaayip KenemiH
TangayablH npobnemanapbiH aHbiKTay. EnpiH arpoeHepkacinTik eHpgipici 6inikTi kagpnapabiH
XeTicneyuwiniriHe, undpnbiKk KaMTa KypynapabiH KbiIMOGaTTbIFbIHA, €CKipreH asipnemenepre Tan
oonaabl. XXaHa MiHgeT namaa 6onabl — ManiMeTTep MacCUBTEPIMEH XYMbIC icTey OGoMbIHLWIA
MamMaHgapAbl Aaspriay UHHOBaUMANbIK Modenbaep oHAipywinepi MeH uHTerpatopfapbiHAa
XeTKiNiKTi npakTukanblK ToXipnbeHiH 6onmaybiMeH KublHAAMAbl. ©dicmepi — aHaNUTUKanNbIK,
canbicTbipMansbl Tangay, marepuangapabl Busyanusauuanay XoHe KOpbITbiHAbIUIapAbl Herisgey
yWwiH rpadumkanbik. 3epTTey FbiNbiMK TacinaepAiH NpakTukanblk 6enimagenyiH kepceTeTiH Pecen,
AKLU, YkpaumHa, Uspaunb xoHe KasakcTtaH XargawnapblH Tangayabl kamtuabl. Homukenep -
arpoeHepkacinTik KeweHAeri uMdpnblK KyXaTTaMa afblHbIH TYCiHAIpyAi LIEeKTEeUTIH LeKTeynep
aHblKTanabl, OHbIH canaja KeHiHeH TapanybiH KMblHAATaTbiH Kegeprinep aHbiKkTanAabl. KasakcraH
Pecny6nukacbiHbIH arpoeHepkKacinTik KelweHiHe TabObICTbl Taxipubenepai TpaHcdepTTey
MYMKiHAiriHe 6aca Ha3ap ayagapa oTbIpbin GipKaTap WeT MeMreKeTTepAiH aybis WwapyalbisibiFbIHA
HaKTbl MaTepuangapablH KeH CHeKTpiH Tangay KypangapblH eHrisyAiH kan-Kyni MeH
nepcneKkTuBanapbiHa capantamanbiK 6ara 6epingi. Aybin wapyauwbinbifbl ankanTapblHbIH Xan-Kyui
Typanbl gepektepai Xofapbl OangikneH XoHe Xegen anyAabl KamMTamacbi3 eTeTiH CMYTHUKTIK
MOHUTOPUHITI, VYWKbIWCHI3 YWy annapaTtrapbiH (OpoHAapAbl) nanpanaHy KepceTinreH.
KopbimbiHObI1ap - ocbl HaHOTeXHonorusnapabl Kbicka mepsimai nepcnektuBaga (5 Xbin) icke
acbipyablH 6acbiM 6aFbITTapbl aMKbiHAaNAbl XaHe Ke3eHaepAai opTa Mep3imai xaHe y3akK Mep3imMai
nepcnektuBara (10 xbin) KatapblHaH 3 ¢ha3a TypiHAe WapTThl KYpbiNbiMaay YCbIHbINAbI.

AHHOTaumA. AKTyanbHOCTb TEMbl 06ycroBneHa 3Ha4YMMOCTbI0 LindpoBon TpaHcdopmaLum B cenb-
CKOM xo3sMcTBe. [pMMeHeHne TEXHONOrmm GoNbLUNX AAHHLIX B arpoONnpoOMbILLIIEHHOM KOMMNIIEKce
pecny6nmkn cnocobcTByeT pOCTy AOXOAOB, CHUXEHUIO 3aTpaT M NOBbIWEHUI 3cdhdekTMBHOCTH
NPoOM3BOACTBEHHbIX NpoueccoB. Ljenb - BbIABUTb NPO6NeMbl aHaNMTUKM 3HAYUTENLHOro obbema
mHcdopmaumm B hyHKLMOHMPOBAHUN arpapHOro CeKkTopa B KOHTEKCTe rnobanbHbIX TEHAEHLMUA U
BbI30BOB. ArponpombllifieHHOe NPOU3BOACTBO CTPaHbl CTallIKNBaeTCA € HeXBaTKoM KBanuduumpo-
BaHHbIX KagpoB, BbICOKOM CTOMMOCTbLIO LM(poBbIX npeobpa3oBaHUi, ycTapeBlIMMU pa3paboT-
kamu. MNosBunack HoBas 3aga4ya — NOAroToBKa cneunanucToB No paborte ¢ MaccuBamu cBeAEHUN
OCJIIOXHSAETCSl OTCYTCTBMEM [OCTAaTOYHOrO NPakTM4YeCKOro onbiTa y nponssoguTenen U UHTerparo-
pPOB MHHOBALMOHHbIX Mogenen. Memodsl — aHaNnMTUYECKUA, CpaBHUTENbLHOro aHanusa, rpadunye-
CKUM Ans BU3yanusauum matepuanoB u o6ocHoBaHusA BbiBoAoB. ccnegoBaHue BKNioYaeT aHanums
kercoB Poccuu, CLUA, YkpauHbl, U3pannsa n KazaxcrtaHa, LeMOHCTPUPYIOLWMX NPaKTUYeCKyo aaarn-
TauMmio Hay4HbIX noaxoaoB. Pe3ysnbmamabl - NAeHTU(MUNPOBaHbI OrpaHUYEHUsl, NMMUTUpYOLINe
MHTepnpeTauuo notoka uucdposon aokymeHTauum B AlK, BbiaeneHbl 6apbepbl, 3aTpyaHsowWme
ee LIMpOKoe pacnpocTpaHeHue B oTpacnuv. [laHa 3KcnepTHas OueHKa COCTOSHMA U NepCcneKkTUB
BHEAPEHUA UHCTPYMEHTOB aHalIMTUKN LULMPOKOrO CreKkTpa (pakTUYecKux matepuarnoB B CelbCKoe
XO3AINCTBO psaa 3apy6exkHbIX rocyaapcTB € aKLEHTOM Ha BO3MOXHOCTU TpaHcdepa ycnelHbIX
NPaKkTUK B arponpombilwneHHbin komnnekc Pecny6nukn KasaxcrtaH. MNoka3aHo ucnonb3oBaHue
CNYTHMKOBOIro MOHMTOPUHra, 6ecnUNOTHbLIX NeTaTeNbHbIX annapaToB (4POHOB), o6ecnevnBarowmx
BbICOKOTOYHOE U onepaTMBHOE Nony4eHUe AaHHbIX O COCTOSIHUUN CENIbCKOXO3ANCTBEHHbIX YroauM.
Bbi60o0bI - onpeperneHbl NPMOPUTETHbIE HaNpaBreHUA peanu3auum 3TUX HAHOTEXHONOIMN Ha KparT-
KOCPOU4HY0 nepcnekTusy (5 neT) n npeanoxeHo ycrioBHOe CTPYKTypupoBaHUe 3TanoB Ha cpegHe-
CPOYHYI0 U aonrocpoyHyto nepcnektusy (10 net) B BuAe 3 nocnepoBartenbHbIX ¢has.

Keywords: agriculture, agro-enterprises, digital technologies, big data analytics, investment
support, sustainable development, competitiveness, food security.
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Introduction

Nowadays, Big Data issues are becoming
crucially important everywhere and agriculture
is not an exception. Moreover, already estab-
lished foundation and global development of
Big Data Analytics in the agro-industrial com-
plex state a necessity of its development in Ka-
zakhstan. The traditional assessment methods
in agriculture are becoming less efficient due to
a rapidly changing environment. A big emer-
gence of data requires a quick process to make
effective decisions. Based on global experi-
ence of Big Data Analytics in the agriculture
sector, this study highlights the main chal-
lenges for the agro-industrial complex in Ka-
zakhstan.

Agriculture is essential by doubled food
consumption and increased demand of large
number of industries for raw materials. Accord-
ing to Baseca C.C., Sendra S., Lloret J. et al.
[1] the need for technology improvements in-
creases the importance of Data Science.

The main aim of this study is to reflect the
big data analytics challenges for the agriculture
sector of Kazakhstan by analyzing international
practice. As research methods, this study ap-
plies theoretical methods. More specifically, it
includes literature review and statistical data
analysis of international and Kazakhstani prac-
tice. Therefore, the local and international stud-
ies, the internet resources, and the data of the
statistical agencies are the main sources of
data collection. Today many companies ap-
plies Big Data Analytics in Kazakhstan. How-
ever, as noted by Tibbetts J. H. [2]. threefold
increase of the number of companies in the
USA and Europe reaching over 50 % of com-
panies for the recent five years.

The world is changing rapidly. Today any
company cannot be truly successful if it does
not apply Big data technologies. Big Data as a
socio-economic phenomenon associated with
the emergence of technological upgrade, ana-
lyzes a huge amount of data globally, including
possible consequences as well.

Anyway, traditional technologies can work
with Big Data, but are slower at handling the
large volume of data. Despite all the infor-
mation available, many organizations do not
realize that they are facing a Big Data problem

or are simply not willing to think about these
issues.

The united ecosystem of production is
working by the Internet of Things (loT) in agri-
culture. «Internet of Everything» is enhancing
this process as well. This process requires any
new products that will overtake existing ones
by functional and other attributes. Biotechno-
logy is opening many possibilities to build ver-
tical urban farming. The smart cities combine
these issues by exploring also space as the po-
tential opportunity to expand food production.

The changes lead to crucial development
of agriculture production in ecological, environ-
mental, technological, industrial, economical
and political terms. The research of these as-
pects open new challenges in Big Data Tech-
nologies to collect and analyze data even be-
yond the Earth. Robotics and automatized pro-
cesses make easier to implement even hard
tasks including agriculture production.

Literature Review

Boston Consulting Group and AgFunder
interviewed fifty global agricultural executives
and agritech investment specialists from ven-
ture capital firms. As mentioned by Bjerke L.,
Johansson S. the top five fields of agriculture
are: Big Data and analytics; food safety and
traceability; biotechnology; optimization hard-
ware; sensors and communications equipment.

«Industry 4» robotic technologies are be-
coming very popular including agricultural com-
plex. Big Data Analytics has significant poten-
tial to replace human data processing skills and
improve decision-making processes. Special
devices like drones assist in monitoring crop
yield, plant health, and weather forecasts,
providing real-time data to enhance agricultural
practices.

According to Bjerke L., Johansson S. [3]
SAP HANA, Hadoop, In-Memory Database,
NoSQL, NewSQL and DBMS are broadly used
platforms for data collection and analysis. The
farmers use cloud based databases as well.
Anyway for Big data processing it is actual to
have appropriate database infrastructure.

According to Shameek M., Rohit K., Tinu
J. [4] autonomous data collection and process-
sing, visual assessment by images, prediction
and optimization algorithms of Big Data Analy-
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tics, reflection of unexpected natural anomalies,
computerized decision making by precision algo-
rithms are the main functions of Al in agriculture
with descriptions.

As mentioned by Zayats O. A., Nazarova
Yu. N., Strizhakova E. A. [5] Big Data Analytics
and Atrtificial Intelligence (Al) transform the ag-
ricultural industry more efficient and effective
with support of high-precision algorithms. Mo-
reover, Departmental project «Digital Agricul-
ture» [6] of Russia highlights the usage of Ma-
chine Learning and Al in a number of agricul-
tural applications is increasing everywhere in-
cluding the yield prediction and image recogni-
tion algorithms, smart machines and sensors.
Farming is becoming more data driven.

According to RBK trend, precision agricul-
ture is a technology that will feed humanity by
quick and proactive adaptation to any changes
including climate change (Technology that will
feed humanity) [7]. Optimization of plant growth
is important for higher productivity automated
irrigation scheduling, for example «Rostsel-
mash» and Cognitive Technologies conducted
the first field trials of an unmanned combine
harvester in Russia («Rostselmash" and «con-
scious technologies»...) [8].

According to Abdelkader A., Hafi da A. [9]
farmland and greenhouse gases monitoring,
production process management and crop se-
curity are important as well. According to Maya
G., Bhargavi R. [10] Big Data comes to the farm
by cost cut and in-vestment to new technolo-
gies. As mentioned by Vinay K., Hombaliah R.
[11] agriculture is becoming smarter by modern
information technology and systems that sup-
ports utilization of real time information.

Materials and methods

Big Data Analytics in agriculture affects
production optimization, crop yields and
productivity. Let’s stay on case studies of Rus-
sia, Israel, Untied States and Ukraine as the
large agricultural countries.

Russia is the largest bordered country with
Kazakhstan has an enormous potential for ag-
ricultural development. By assessment of ex-
perts Russia’s digitalization significantly less
than western countries. Particularly, Europe’s
digitalization oversized by 7-8 times than Rus-
sia. The main barriers for Russia are staying a
lack of proper infrastructure for digitalization
and innovations. The state support for digitali-
zation in Europe sufficient than in Russia as
well. Digitalization solutions help to substitute
human skills that is deficit in agriculture sector.

According to Kamilaris A., Augusti F.,
Francesk X. [12] advanced technologies sup-
port all hard manual work by automatize all pro-
duction processes. As the main characteristic

of agriculture mot processes are repetitive, ma-
chine learning and algorithms can easily sub-
stitute that.

Anyway, Russia’s agriculture digital trans-
formation is considerably high. As the evidence
of that might be Al implementation in agricul-
ture. Many companies in Russia are leading in
this digitalization. One of them is Cognitive Pi-
lot Company of Technologies applies Al for dif-
ferent industries including agriculture. This
company introduced different kind of Al vehi-
cles that work without human intervention.

In overall, as the main case study materi-
als play experience of Russia in Big Data ap-
plication as the largest bordered country with
Kazakhstan with climate similarities.

Results

Today digitalization is navigation systems
like Yandex navigators or others that are spe-
cialized on real fields of agriculture. Precise
control of equipment is also becoming popular
in agriculture. Some devices like sensors or
drones in agriculture are getting actual data
through monitoring on space or land. Approxi-
mately all big agricultural enterprises adapted
Big Data Technologies. As previously men-
tioned IT companies like Yandex or others are
crucially impact on that trend. Space Company
Ctrl2GO uses satellite for agricultural research.
Cloud movement for raining is one of the tech-
nology achievements today. This company
also expands it field of activity in Big Data Ana-
Iytics. It is helpful find for farmers to find some
research results from open sources.

Nowadays a digital agriculture project is
implementing in Russia with the size of Big
Data over 6 billion US dollars. Big data size can
be increased many times in coming years. The
main of purpose of this program to sustain dig-
italization in all spheres of agriculture such as
livestock, plantation, feed consumption and
others. Smart farm and other devices based on
Al can produce more products by growth of
productivity.

One promising area for Big Data develop-
ment is IT solutions in Russia that is becoming
progressive. To collect data it is important to
develop Big Data Technologies in agriculture
by building new devices and equipment of data
processing. Even some of them can provide
analyzed data outputs that is very convenient
for farmers. Some of them help to determine
the exact harvest time to maximize output.
Some devices also will implement watering and
other processes. According to Sonka S. [13]
many research institutions play a key role for
digitalization of agricultural complex. For exam-
ple, PWC is the one of leading companies for
digital solutions in precision production.

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000 39

ArpapJabIK casicaT: ic :Ky3iHe acbIpy MeXaHH3Mi



Problems of AgriMarket, No. 2, 2025

ISSN-L 2708-9991, ISSN 1817-728X

COPP 0000000000000 000000000000000000000000000000000000000000%9

Information systems is also applied for
medicine of Livestock by monitoring its well-be-
ing. Each animal can be treated according to
device signals that decreases cost from mortal-
ity. Another important thing is reflecting dis-
ease on time that has a good impact not only
on sick one but also for other animals.

Today smart greenhouses are becoming
popular. The advanced technologies protect
plants from some negative pest or weed im-
pact. Their prevention is also will be imple-
mented effectively.

In overall, Big Data technologies started to
introduce unmanned vehicles that show high
productivity. The number and variety of them
will be increased over time. According to
Oussous A., Benjelloun F.Z., Lahcen A.A. et al.
[14] Big Data Technologies testing shows also
quality improvement that is very important for
prevail preference.

Another country as the case of example
Israel is known for its desert regions, where it
was previously thought impossible to grow
fruits and vegetables successfully due to the
arid conditions. However, a solution was found
through the development of drip irrigation sys-
tems. These modern systems water crops di-
rectly at the roots, ensuring that every drop of
water is used efficiently and only where it is
needed. They can operate both underground
and on the surface of the soil. To address the
issue of moisture scarcity, Israel has also im-
plemented a method known as «aquacu-Iture».
Also such a method leads for new fishing. The
economic part of watering is very important in
terms of water scarce as well.

Farmers also use mobile applications for
detecting plant diseases. Such apps help to di-
agnose diseases and offer their treatment
ways. Moreover, it helps to monitor progress.

These apps utilize artificial intelligence to
detect plant diseases. A farmer simply needs
to take a smartphone or tablet, install the appli-
cation, and scan the leaves of their crops. With
the help of optical character recognition (OCR)
technology and previous data analysis, the pro-
gram can quickly identify specific diseases af-
fecting the plants.

Big Data is proving to be a valuable tool
for generating profits in agriculture. For ins-
tance, Taranis secured $20 million in Series B
funding from the Israeli fund Viola Ventures to
develop technology that employs spatial scan-
ning and deep learning techniques to identify
potential crop issues. The system is continually
being improved to enhance its effectiveness

In the United States, numerous compa-
nies are leveraging Big Data in the agricultural
sector. For instance, FarmLogs offers user-

friendly analytics and applications designed to
help plan and optimize agricultural operations.
This application can generate illustrations of
crop conditions in the field, soil moisture levels,
and fertilization needs. It processes data on
weather and solar activity for further analysis.

The company has developed tools that an-
alyze historical data to determine the best
plants for cultivation and the appropriate
amount of fertilizer required. Users can also
plan their crop profits effectively.

Some database systems is existing for
farmers to help find proper chemicals as ferti-
lizer with instructions. Farmers use these
chemicals following all procedures by simple
instructions.

This approach allows farmers to consoli-
date data on a single platform, eliminating the
need to search through multiple sources for in-
formation. The system integrates the data into
a practical guide, enhancing decision-making
in agriculture.

In Ukraine, the agro-industrial complex is
actively utilizing innovations and Big Data, with
drones serving as a notable example. In agri-
culture, these drones help manage resource
use, apply fertilizers, and monitor crops
through agromonitoring of fields. This techno-
logy provides a comprehensive overview of
crops, including the detection of weeds and
assessment of yield potential.

The development of precision agriculture
is a priority, enabling average savings of 15%
on fertilizers, fuel, and plant protection prod-
ucts while optimizing field management. The
second priority is innovation in accounting and
field analytics. Thirdly, the implementation of
ERP systems for business management is cru-
cial, as these systems allow for the manage-
ment of territorial areas spread across the
country and coordination of a large workforce.
While no technology can replace the need for
rain, these innovations can help mitigate the
harmful effects of drought. Ukrainian compa-
nies are also making strides in agricultural
technology.

Some companies focus on data collection
and processing technologies. Their goal is to
develop a remote sensing project for land ar-
eas and create a system capable of analyzing
data and making autonomous decisions. Now-
adays data has emerged as a valuable global
resource. Data provides insightful information.
Based on that experts make assumptions or
real findings for artificial development.

Proper Data usage is becoming as the one
of the strong competitive advantages. In addi-
tion, it plays a key role for food security of a
country. The importance of Big Data Analytics
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is rising in terms of climate change. Contempo-
rary biotechnology studies apply Big Data
Technologies as well.

For Ukraine and Kazakhstan, global
warming has significant changes for agricul-
tural sectors. Due to this, it is expected decline
of productivity for coming years. The impact of
that can be revealed by Big Data Technologies.

Another big issue to consider is carbon
emission that has also negative impact on
weather and ecology. This problem exists eve-
rywhere. However, the importance of this prob-
lem is rising in big cities and their neighbor-
hoods of Kazakhstan. People are moving to big
cities. Few people are staying in agrarian sec-
tor. That also highlights the importance of un-
manned vehicles that existing in some coun-
tries.

Customer preferences are also evolving.
Some beliefs, values and preferences shape
demand that also should be taken into account
for farmers. The importance of food production
is rising as well. All these circumstances re-
quire new approaches for agrarian production.

The location of Kazakhstan as largest land
locked country emphasizes the importance of
agrarian production. The development of logis-
tics in Kazakhstan is important for agrarian de-
velopment. Industrialization of populated China
might increase the food demand from agrarian
sectors. To stay competitive for agrarian sector
of Kazakhstan Big Data Analytics and Al devel-
opment play a key role.

According to Naess L.O., Thompson J.,
Allen-O’Neil B. [15] Big Data Technologies are
staying as innovation in response to Climate
Change. Climate change problem is staying as
the actual for all countries for coming years.

As mentioned by llyassov D.K., Kitapova
G., Kench T. [16] understanding tradeoffs in
the context off machine learning and statistics
of decision support tools for assessing climate
smart agriculture is important.

To conclude all above data table 1 shows
issues based on comparative analysis. Among
all countries, Russia has an ambitious cha-
llenge to be a leader in terms of implementing
artificial intelligence (Al) systems.

Table 1 - Comparative Analysis of implemented actions and challenges among Russia, Israel, USA,
Ukraine and Kazakhstan

perience accumulated

Countries The implemented actions The challenges
Russia Build infrastructure for the full use of | May find itself among the leaders, for ex-
digital solutions, pilot production facili- | ample, in terms of implementing artificial
ties for testing innovative technologies | intelligence (Al) systems
Israel OCR technology and analysis of the ex- | Apps use artificial intelligence to identify

plant diseases

United States of

Application to prepare an illustration of

Applications for planning and optimizing

and unmanned production

America the crop conditions in the field, soil | agricultural work
moisture, and fertilization. The systems
transmit weather and solar activity data
for further analysis
Ukraine Manage resource usage, fertilizer appli- | Precision production of agriculture by agro-
cation, and crop control through agro- | monitoring devices
monitoring of fields
Kazakhstan Digital transformation leads to cost cut | To increase competitiveness in agro cli-

matic map

Note: adapted by the authors from source (Zayats O.A., Nazarova Yu.N., Strizhakova E.A.) [5]

To conclude, similarly to other countries
Kazakhstan has its own barriers of Big Data
Analytics development in Kazakhstan: a lack of
digital infrastructure; difficulties in logistics that
has also affect agriculture development; the
lack or high cost of Big Data processing sys-
tems; a lack of Big Data Analysts specialized
on agriculture; disbelief of consumers due to
data privacy.

In conclusion, Kazakhstan has a big po-
tential for agriculture development by Big Data
Technologies in effect of e-government and
other digitalized industries. The successful ex-
perience of digital banking system and digital

tenge stays as a benchmark for agricultural
digitalization.

Big Data Analytics application in agricul-
ture has some similar algorithm of develop-
ment based on international practice. The initial
stage is automatic data collection by using sen-
sors and other equipment. Then, satellite and
drone imagery helps to visualize time series
data and provides the snapshot of real condi-
tions. Machine learning algorithms make fore-
casting and optimization focused on collected
data. Al as the powerful tool of analytics sup-
ports anomaly and problem detection. In addi-
tion, Al helps farmers and agronomists opti-
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sources, and improve efficiency through auto-

Table 2 — Usage of Al in agriculture
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mated decision making processes. The de-
scription and tasks are provided in table 2.

Functions Description Tasks
Automatic data | Al systems can be configured to au- | They can continuously monitor parameters
collection tomatically collect data from sensors | such as soil moisture levels, temperature, nu-

installed in fields or on equipment

trient content, and other factors, collecting val-
uable data for further analysis

Image analysis

Al has the ability to analyze satellite
and drone imagery

It assesses crop health, detect plant diseases,
determine weather conditions, and more

Forecasting and

Using machine learning algorithms

Al can analyze historical data on weather, soil

problem detec-
tion

optimization conditions, crop yields, and other parameters
to predict future events and optimize produc-
tion processes

Anomaly and Al can be used to detect abnormal | Indicate potential problems such as plant dis-

patterns

eases, underutilization of resources, or soil
degradation

Automated deci-
sion-making pro-
cesses

Based on data collected and ana-
lyzed using Al, automated decision-
making systems can be developed

To help farmers and agronomists optimize
production processes, manage resources,
and improve efficiency

Note: adapted by authors from (Shameek M., Rohit K., Tinu J.) [4]

By considering experience of Big Data
Analytics development in agriculture of Russia,
Israel, USA, Ukraine the proposed solutions for
overtaking barriers in Kazakhstan.

The main barrier is a lack of digital infra-
structure. State support for digitalization and Al
development programs should allow farmers
open access to databases of countries with ad-
vanced digital agriculture. Secondly, difficulties
in logistics that has also affect agriculture de-
velopment. As one of the solutions, logistics
development map should be created for agri-
cultural complex. Funding of new projects for
experimentation and own equipment testing is
important to solve the lack or high cost of Big
Data processing systems.

Digital modernization of research and edu-
cational institutions in agriculture should help to
solve a problem of lack of Big Data analysts
specialized on agriculture. Finally, cybersecu-
rity and state support of small enterprises of
agriculture eliminate disbelief of consumers
due to data privacy.

Additionally, the dynamics of innovative
activities among agricultural enterprises in Ka-
zakhstan is rising by state support. The further
research on Big Data Analytics in Kazakhstan's
agriculture is crucial for highlighting pathways
to innovative development.

The rural economy of Kazakhstan, which
is defined by agricultural development, plays a
crucial role in supporting the country's overall
economic sustainability. However, the level of
digitalization in agriculture remains low. This
can be attributed primarily to the lack of a sys-
tematic approach to agricultural development

that focuses on Big Data Analytics and digital
technologies.

The state program «Digital 2 («New Agri-
culture») is not yet functioning effectively. One
significant challenge is the poor internet access
in some regions, which hinders digitalization ef-
forts. Strengthening the relationships between
the government, agribusinesses, and scientific
institutions could accelerate the adoption of
new technologies.

These programs will continue funding pro-
jects aimed at implementing Big Data solutions
in agriculture. The framework of purposes,
tasks and actions for Big Data Analytics Devel-
opment in Kazakhstan for coming ten years.
Conditionally 10 years consist of four periods:

Period | - The starting 3-year period from
2025 to 2028. Cost cut and yield increase by
Big Data applications need modern information
technology and systems.

Period Il - The next 2 years (2028-2030).
Automate the process of data acquisition high-
lights privacy and security. Evaluating the im-
pact of new technologies and climate adapta-
tion strategies.

Period Ill - The following 3 years (2030-
2033). Imaginary data processing requires
data visualizations by satellite or drones. Data
storage and processing is actual.

Period IV - For the last 2 years (from 2033
to 2035). Dealing with climate change issues
lead to unmanned production development. To
survive it is important to create sustaining com-
petitive advantages in agroclimatic map.

According to table 3 the identified cha-
llenges determine the periods with the pur-
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poses, tasks and actions. During ten years, itis
real to implement Big Data technology adapta-

tion in agriculture of Kazakhstan with the output
of automated decision-making processes.

Table 3 - Further development of Big Data Analytics in Kazakhstan for coming 10 years

Periods Purposes

Tasks Actions

(2025-2028) | crease

Up to 3years | Cost cut and yield in- | Big Data applications

Modern information technology
and systems

(2030-2033)

3-5 years Automate data acqui- | Ensure privacy and security | Assessing impact of new tech-
(2028-2030) | sition nologies and climate adaptation
5-7 years lllustrative analysis The users do not want mo- | Data transmission technologies

dels, but they need infor-
mation they can produce

7-10 years
(2033-2036) | puts

Access to model out- | Food safety and traceability

Automated
processes

decision-making

Note: compiled by the authors based on the source (llyassov D.K., Kitapova G., Kench T.) [16]

The identified challenges determine the
periods with the purposes, tasks and actions
for 10 years based on international expe-
rience of Big Data Analytics adaptation for
Kazakhstan.

Discussion

The use of Big Data is one of the most
promising areas of agriculture. The applica-
tions of Big Data Analytics in the agri-food sec-
tor are many. Management of enterprises of
the agro-industrial complex based on Big Data
allows to reduce production costs, increase the
efficiency of most processes and thus create
competitive advantages over enterprises that
do not digitize their production.

Big Data technologies are innovations that
allow companies to increase their competitive-
ness by making informed management decisions
based on high-quality analytical information ob-
tained through Big Data research. The factors in-
fluencing the development and acceleration of
the implementation of Big Data Technologies in
Kazakhstan are: investor funding and the status
of projects to promote Big Data Technologies;
openness of companies that successfully apply
Big Data Technologies; regular dialogue bet-
ween business, as creators of tools for working
with Big Data, and the government, as a data pro-
vider; ensuring an influx of qualified managers,
analysts and engineers who can properly work
with Big Data. Big Data can already be success-
fully used in agriculture.

To do this, entrepreneurs need to be able
to work with modern technologies (and not only
in the IT field) and process data. As a result, by
receiving and processing data from GPS navi-
gators, seed sensors, soil moisture sensors,
etc., they will be able to calculate the optimal
route for moving equipment, calculate the re-
quired amount of fertilizers, and determine the
optimal irrigation scheme. Big Data processing
has enormous potential for agriculture. There
are now services that do not require users to

have specific skills in data processing; the main
thing is to set up the task correctly and the sys-
tem itself will present possible solutions. The
various processing, analytical tools as well as
dynamic visualization support Big Data plat-
forms in agriculture. Hence, usage of Big Data
Technologies sustains profitability and produc-
tivity of agriculture business.

Based on literature review on international
practice of Big Data application in agricultural
industry of global markets cost cut and yield in-
crease is one of challenges staying for Kazakh-
stani agricultural industry as well. It needs inves-
ting money on new technologies that use detailed
data on soil type, seed variety and weather. Big
Data applications lead to developments of Cloud
based platform, Hadoop file system and their hy-
brid system make appropriate technological in-
frastructure using sensors, open data, biometric
sensing genotype information.

Another issue is setting a benchmark in
agriculture sector with modern information
technology and systems that has advanced in-
novative architecture and frameworks, algo-
rithms, analytics improvements. It can be im-
plemented by automate data acquisition. Some
data virtually no costs, but some of them re-
maining privately. Therefore, it is necessary to
have a common pool infrastructure to transfer
and integrate data by making Data exchange
facilities.

Developing applications by privileged ac-
cess to Big Data and building trust with farmers
is staying as ongoing development process.
However, ensure privacy and security is one of
the key issues for Big Data Analytics on state
and local level.

The global trends dictate the necessity of
Big Data Analytics development in Kazakh-
stan. In particular, climate change and global
warming lead to development of new technolo-
gies for climate adaptation. The popular move-
ment is climate smart agriculture by forward
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looking and technology impact assessment.
Most studies carry out agricultural technology
impact assessment after technologies have
been disseminated. For instance, illustrative
analysis provides how climate change may im-
pact dry-land wheat producing farmers.

Improved contract design and creative us-
age of satellite allow to extend insurance cov-
erage that is actual for farmers to mitigate risks.
Data predictions on crop yield or loss allow
governments or insurance companies to re-
spond to catastrophes in a timely manner.

Governments protect the health of citizens
by using network analysis approach and sci-
ence tools and respect environmental sustain-
ability. For this purpose, farmers and research-
ers share information based on a wide range of
factors such as: location, crop, management
practices, mechanization level, irrigation type,
farm size and soil type. These help about the
different choices of cultivation and take neces-
sary measures.

To sum up, the application of Big Data
Technology in agriculture, with a certain appro-
ach and the necessary knowledge, will ensure
the growth of business income, ultimately leading
to the progress of agricultural activity. Informed
decision-making based on Big Data will not only
help increase the profitability of individual enter-
prises, but also, through the expansion of trade
and the development of effective supply policies,
ensure food security in the country.

Conclusion

1. The prospective way of agriculture de-
velopment is adaptation of Big Data Technolo-
gies and Al. It allows the usage of unmanned
vehicles that can substitute human hard work.
The lack of workforce in agriculture is obvious
today. Its deficit increase for coming years ex-
plained by migration of population to big cities
from rural areas. The main prospective solution
is sustaining competitive advantage during
global warming by increasing productivity and
quality of produced products.

2. For plantation sector, farmers are able
to take advices and instructions for any kind of
problem solutions from open sources. Al con-
sultation allow access for getting any kind of
data for decision-making. The usage of robot-
ics has unlimited possibilities to simplify hard
work of agrarians and farmers. Devices also
can determine the effective time for yield. The
visualization by images make direction for pro-
posed actions. Farmers might have a strong
set of tools not just for making decisions but
also for actions.

3. Big Data Technologies for livestock al-
lows decreasing mortality by monitoring well
being of animals. Taking proper actions in the

case of animal sickness might be implemented
by instructions of Big Data Analytics.

4. In overall, Big Data Technologies help
to increase profitability of farmers by cost cut,
higher productivity and efficient work. Big Data
Analytics applications might be costly for small
enterprises. State support might help to gener-
ate profit of them to become bigger. Agricul-
tural digital centers and incubators might imple-
ment training of farmers. In addition, they can
provide open database sources for increasing
the use of Machine learning and Al. Develop-
ment of Big Data Analytics infrastructure
should be done by combine work of state and
digital agencies.

5. International cooperation in adapting
Big Data Technologies help to motivate far-
mers to adapt Big Data Technologies. Ongoing
grants and subsidies for digital projects en-
hance digitalization of agriculture. Collabora-
tion work for joint projects with international
digital centers might have a positive impact on
digitalization of agriculture. The digital centers
might help for the finding beneficial cooperation
for farms. To conclude, digitalization of agricul-
ture in Kazakhstan has a big potential by lead-
ing strong digitalized other existing industries
and support from Government to develop agri-
culture for coming years.
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