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PROBLEMS AND WAYS TO SOLVE DIGITIZING
OF SPATIAL DATA IN THE REPUBLIC OF KAZAKHSTAN

Abstract: This work has brought to light main problems faced in setting up and forming the National Spatial
Data Infrastructure of the Republic of Kazakhstan (NSDI of the RK). The major ones are a proper formation of the
executive structure; a short list of standards in force for setting up of the NSDI of the RK; casual generation and
inappropriate development of spatial data; low levels of technology; a necessity for an advanced training of
specialists. During the organization of the NSDI of the RK, it has been suggested to turn attention to the executive
structure of the Federal Geographic Data Committee which has been mentioned as an example in a schematic format.
It has been suggested to formulate new standards for the NSDI of the RK or arrangement of statutes and regulations
tested through the practice of developed countries; to apply the recent advancements in spatial data generating and
disseminating technology. The level of readiness and the development level for each of five spatial data groups of the
NSDI of the RK such as fundamental, basic, industry, thematic and metadata group have been assessed. Lack of its
own open coordinate system in the country that makes it impossible to set up the NSDI of the RK has been
identified. It was noted that the structure of basic spatial data for the national spatial data infrastructure of the country
has not been defined to this day. Casual generation and development of industry spatial data in the country by fewer
than all government establishments and bodies have been acknowledged. In Kazakhstan, generating thematic spatial
data was evolved very massively. However, there is no civilized control and follow-up exchange mechanism in the
thematic data generation. This resulted in a situation where thematic spatial data often becomes a property of geodata
producers and is not included in the general storage and dissemination system. In the area of technology, the authors
believe that it is necessary to use the technologies of spatial data infrastructure 2.0 in order to set up, build and
develop the NSDI of the RK.

It is suggested to improve the Automated Information System of State Land Cadaster (AIS SLC) as one of the
ways to generate and build the NSDI of the RK by adding SDI 2.0 thereto. The AIS SLC is quickly developed and
has already had more than 12 sub-systems and cartographic framework for the whole territory of Kazakhstan. The
AIS SLC can integrate with other information systems relatively easily and has vertical and horizontal structure and
defined professional staff in each region of the country. To use fully the AIS SLC for setting up the NSDI of the RK,
it is certainly necessary to solve in advance organizational, technical and technological problems identified by the
authors.

Keywords: digitalization, spatial data, complex information technology platforms, national spatial data
infrastructure, collective mind, creating content by users, problems, solutions.

Digital spatial data being synonymic with geodata and geo-resources makes 80% of general digital
information throughout the world [1]. Hence the developed countries being sensible of the fact that this
4/5 of digital information largely plays a pivotal role in economic growth and development of the country,
the efficient activity of business entities and social satisfaction of the citizens, in particular, take a good
care of own geodata. As a result, the National Spatial Data Infrastructures (NSDIs) have been set up by the
developed countries as a high-priority measure for successful achievement of main goals of digitalization.
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Kazakhstan has also fully acknowledged the necessity to enter the Digital Era, and to actively
implement the complex IT Platforms for this purpose [2], one of which is the NSDI of the Republic of
Kazakhstan (NSDI of the RK). Thanks to, mainly, our efforts [3], the NSDI of the RK, upon active
discussions, was included into the Activity Plan for the implementation of the State Program “Digital
Kazakhstan™ [4,5].

The NSDIs of the developed countries have been built in such a way as to support, via collective
intelligence of their participants, the innovative technology trends directed at generation, building and
development of spatial data and the conditions in which business activity is developed to the fullest, at the
levels such as Government to Government (G2G), Government to Business (G2B) and Government to
Citizen (G2C) including Business to Business (B2B). Furthermore, the examples of particular countries
suggest that a proper setup and formation of organizational structure and IT platform of the NSDI can be
repaid quite quickly. In addition, a snowballing digitalization growth takes place and eventually leads to a
digital transformation of the country’s economy.

However, for a variety of reasons, some NSDIs are not always generated, built and developed
according to requirements imposed to the modern SDI [6].

The purpose of this work is to present the most effective ways to generate, build and develop spatial
data at all three government activity levels, G2G, G2B and G2C, using the National Spatial Data
Infrastructure. The objective of the work is to identify the most serious problems faced in generating of the
NSDI of the RK and the ways to solve them.

NSDI components. The NSDI generally consists of five main components: infrastructure, policies &
institutional arrangements, technology, spatial data and people (specialists) who generate, build and
develop geodata [3].

Organizing of spatial data at government level can be exemplified by the structure of the US Federal
Geographic Data Committee (FGDC) [7] (Figure 1).

VICI'IOJ'I H VITEJ'I belM KOMI‘ITET
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Figure 1 — The structure of the US Federal Geographic Data Committee [7]




ISSN 2224-5227 Ne 3.2018

The above structure consists of four large units such as control; spatial data; cooperation system;
fundamental components intended to generate, form and develop the NSDI.

It is unfortunate that no organizational structure designed for maintenance of the NSDI of the RK has
been set up in Kazakhstan. According to preliminary data, the responsibility for setup, formation and
development of the NSDI of the RK will be placed on the Committee on Land Resources Management of
the Ministry of Agriculture of the RK (CLM of the MA of the RK). The CLM is a governmental body
responsible for generating and checking spatial data (cartographic and geodetic service); storage of spatial
data (National cartographic and geodetic fund); registration, assessment, monitoring and zoning of the
land fund of the country (The State Research and Production Centre for Land Management). Hence is
perfectly reasonable to choose the CLM of the MA of the RK as a government body responsible for
setting up the NSDI of the RK, according to the said functions: generation, check, storage, registration,
assessment, monitoring and zoning of any and all spatial data.

However, during the setup of the NSDI, its authorization or provision of very determined existence
conditions that should not fall under dilution of responsibility in changing the organizational structure of
executive and political power in the country is a crucially important organizational point. The reliable
existence of the NSDI is ensured by assignment of responsibility for its existence directly to the head of
state or head of government. Such NSDIs are capable of being preserved and developed even in the
acutest and critical situations (examples are the USA, EU countries, South Korea, etc.).

Standardization and legal framework for the NSDI of the RK have not been developed enough. Due
to scientists’ efforts, the notions of “spatial data” and “spatial data infrastructure” were introduced for the
first time into the Law of the Republic of Kazakhstan “On Space Activities” [8]. But the Law “On Spatial
Data of the RK” and respective by-laws, standards, rules and regulations and guidelines that properly
ensure the implementation of regulatory standards of such legal document have not been established yet.
Basically, these components of the NSDI of the RK can be provided without great effort since the
standards of NSDI underwent long tests in more than 100 countries. Generally, these standards should be
reset for an environment of Kazakhstan. Then, great opportunities can be opened for legal exchange of
spatial data, with all that it implies.

Spatial data. The fundamental benefit of the NSDI is generation, building and development of spatial
data on systemic and analytical basis [3]. They incorporate five types of spatial data.

1. Fundamental spatial data is the geometry of the country. Kazakhstan has not had open state
geodetic coordinate system. To solve the problem it is impossible to proceed to set up the NSDI of the
RK.

2. Basic spatial data are nonvolatile and typically medium-scale geodata (the borders of the country,
regions, districts; large water bodies and rivers; roads of republican subordinance, etc.) that are always
publicly available. By now, the structure of basic spatial data of the NSDI OF THE RK has not been
defined yet.

3. Industry spatial data are usually large-scale geodata. They are compiled and updated on a
systematic basis for the purpose of solving production industry problems. For now, the Automated
Information System of State Land Cadaster is a unique and operational information system in the field of
spatial data using [9]. The other information systems are in different stages of development [10].

4. Thematic spatial data are geographic information systems of different scales, designed for site of
interest, with different complexity and orientation for all interested principals. In the country, they are
mainly generated through budgetary funds. But despite this, systemization and storage of thematic data
has not been established at an adequate level.

5. Meta-data is data that describes other data which specifies format, location and other information
about spatial data. The country has not had meta-data to spatial data, systemized in a unified way.

The NSDI geoportal is the window to the world of users and producers of Digital Spatial Data (figure
2). Geoportal is designed to visualize systemized geodatabase and support the entire system. The next
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function of geoportal is to carry out an elementary spatial analysis which will ensure data dissemination,
data exchange between the participants and elementary analysis of visualized spatial data. For instance,
expanded analyses of spatial data involving attribute data are not always available on geoportal. Hence
one cannot either overestimate or underestimate the role of SDI geoprtal.SDI setting-up and formation
technology underwent very serious changes over last 10 years. For example, the first NSDIs (NSDI 1.0)
were set up completely at the expense of the government, from top to bottom, i.e. vertically. Now NSDI
2.0 are formed and developed, mainly, via collective intelligence of the whole geo-industry community for
the country, regions and even the world [11]. Appropriate use of NSDI 2.0 highly facilitates digitization of
the country.

MpouseoacTBO ok . AP BNS MoTpebneHne
AaHHbIX N O (NI RAV AR § 2 AaHHbIX
v PR TR b L A

Figure 2 - The general scheme of its operation of the SDI through the geoportal

People or specialists. A number and qualification of specialists in the field of generating spatial data
in the country expand at a fast rate. Virtually, setup of geographic information systems in the country
reaches the user-declared phase. So for the time being, software for setting up geographic information
systems became available almost for every reasonable person. Some software is publicly available for
establishing multi-purpose geoservices [12]. This promotes a heavy expansion of opportunity for
digitization of the country by excluding financial costs for the purchase of software.

Ways to solve the problems. In our opinion, setup and formation of the NSDI of the RK can be
performed by improving AIS SLC and adding SDI 2.0 thereto. The AIS SLC is developed fast and has
already had more than 12 subsystems and cartographic framework for the whole territory of Kazakhstan.
AIS SLC is capable of integrating with other information systems relatively easy and has vertical and
horizontal structure and defined professional staff in each region of the country that is at work in subject
field that is Land Cadaster Service. To use fully AIS SLC for setting up the NSDI of the RK, it is certainly
necessary to solve in advance the said organizational, technical and technological problems.

Therefore, we have specified some problems and ways to solve them when organizing the National
Spatial Data Infrastructure of the Republic of Kazakhstan. At G2G level, this is own organizational
structure of the NSDI of the RK as well as a correct articulation of the problem of state agency-level
cadasters, based on AIS SLC. At G2B level, this is the provision of business entities with all unclassified
spatial data implemented at the expense of the government. At G2C level, this is an involvement of large
numbers of citizens and specialists for setup, building and development of the NSDI of the RK. Main
problems faced in setting up and building-up the NSDI of the RK and the ways to solve them.

Researches are executed, according to the contract Ne242 for grant financing from March 27, 2018,
under the project "Development of spatial data infrastructure 2.0 on the example of agro-industrial
agglomeration".
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C.C.Ceiipymmmn ateiHaarsl Ka3ak arpoTeXHUKaIBIK YHUBEPCUTETI, ACTaHa;
Bepnun Texaukansik yauBepcuteTi, bepmun, ['epmanns

KA3AKCTAH PECITYBJIMKACBIHJA KIHICTIKTIK JEPEKTEPAI CAHJAH/BIPY
IMPOBJIEMAPBI MEH HIEITY KOJIJAPBI

Annoranusi. EnbOexre Kazakcran PecryOimKkachbHBIH YITTBIK KEHICTIKTIK jaepekTep MHppakypbuibiMbiH (KP
¥YKJN) naiipiHnay >koHE KaJlbINTacThIpy HpoOieMaiapbl aHbIKTaidFraH. bacTsl mpoOiemanap KaTapblHa MBIHAJIAP
JKaTaJbl: aTKapyIibl KYpbUIBIMIBI 1yphic yibIMaacTeipy; ¥KJ/IM-Fa KaThICTBI MEMIICKETTIK CTaHIapTTapblH TOJBIK
€MECTIiri; KEeHICTIKTIK MJepeKTepHiH XKyHeci3 MalbIHOANBIl HAKTBUIBl KaIBIITACTHIPBUIMAYHI;, TEXHOJIOTHSIIAP
JIopeXKeciHiH TOMEHIri; MamaHmap maipranayner sxerinaipy. KP ¥KIAW-in yiteimpacteipranna AKII ¥YK/IU-inig
aTKapyIIbl KYPBUIBIMBIHA MOH O€pe OTBIPBIN AAaWbIHAAY YCHIHBUIBII OJ MbICA] cxXema peTiHzae kepcerimreH. KP
¥YK/IW-ine OaiinaHbICTBl JKaHa CTaHAAPTTap JalbIHAANYbl ekepek. Hemece, namblFaH MeMeleKeTTep/AiH
TOXpHUOENEpiH ecKke aja OTHIPBIIN, OJAapAAFbl KACAJIFaH HOPMAaTHBTIK-KYKBIKTHIK KY)KaTTaplbl aybICBIMAAY 1a KOH.
KP ¥KJIM-iHiH KeHICTIKTIK JepeKTepiH AaiiblHaay1a SKOHOMMKAJIBIK TYPFBIIAH Maijaubl TEXHOJIOTHSIIAPIbIH COHFbI
xericrikrepiMeH xymbic icrey aypbic. KP ¥K/IM-in Gec TonTarbl KEHICTIKTIK JEPEKTEPiHiH JaibIHIIbIFbIHA HKOHE
JnaMmy JeHreiine Oara OepinreH. Omap: ¢yHAaMeHTABIK, 0a3alblK, CalajblK, TAKBIPHIITHIK JKOHE METaJlepeKTep.
Pecniyonukana ¥K/IM kypy YIIiH aliblK KOOPAWHATTBIK JKYWEHIH KOKTHIFbI HakThilanraH. OHcbiz KP ¥KJIU-in
KypyFra OonmaiTeiHbl Oacein kepcerinreH. byrinre neiiin KP ¥YK/IM-iHe kaxer Oa3aiblK KEHICTIKTIK JAEpeKTep
Kypambl aHbIKTaJIMaraH. PecryOnmikana canajiblk KeHICTIKTIK AepEeKTepiHiH AalbIHIUTYBI KYHeci3 sKyprizitin keloip
MEMIIEKETTIK opraHmap OeNCeHIUTIK TaHbITa anMail Keieni.Ka3zakcTaHma TaKBIPHINITHIK KEHICTIKTIK AEpeKTep
JAfBIHAAY KAaKChl JaMbIiFaH. bipak TaKbIPHINTHIK KEHICTIKTIK IepeKTepi MaiblHaay/na epKeHHUETTi OaKpUiay >KoHE
KEHICTIKTIK JepeKTep anMmacy >KYHeciHIH MeXaHU3MZAEpi KEeTKUIIKTI peTTenMereH. byl KyOBUIBIC TaKBIPBHINTHIK
KEHICTIKTIK JIEPeKTEeP/IiH KaJllbl MEMJICKETTIK CaKTay KOHE anMacy JKyieciHe Lmikimeil onapabl AaiHIayIbLIapabiH
MEHIIIriHe aifHaITybIHA OKEJIII COFy/ia.

Texuousorus canaceinja, aBropnap, KP ¥KJ/IU-in xacay, KalbIITaCThIPy JKOHE JAaMbITY KEHICTIKTIK JepeKTep
nH}paKypbUIbIMBIH 2.0 TEXHOJIOTHSIApbl OOWBIHINA JKYPTi3UTylH KON IbI.

KP ¥KJ/IM-in »xacay, KaJlbIITACTHIPY >KOHE NaMBITY YIIIH MEMJIEKETTIK Kep KaJacTPbIHBIH aBTOMATTaH]Ibl-
pourran aknapatblk kydeciH (MXKK AAJXK) wnerizre anmbin, ol KJAW 2.0 TeXHOIOTHsIIAPHIMEH TOJBIKTBHIPYIbI
JKeTekmtikke any keperin makyimainel. MOKK AAX xakcel nambprraH 12-7€H aca KOCHIMIIANAphI JKOHE OYKLT
peciyOIMKaHbl KAMTHTBIH KapTorpadusiiblk Herisi 6ap sxyie. MOKK AAX pecryOnukanbiH OapiblK ayaaHIapbiH
KaMTHIpI, 0acKa aKmapaTThIK KyielepMeH OHail MHTerpalysiaHa/bl, BEPTUKAIAl JKOHE TOPU30HTAIBABI KYPBUIBI-
MBIMEH JKOFaphl aopexkeni mamanmapsl 0ap. Opure, MXKXK AAX-ner KP ¥K/IM-iu xacay yImiH maiganaHapabIH
ANIBIHAA, AIBIH aJla XKOFaphIIa KOPCETUINeH KEMIIUTIKTEPIi pETTEl alry Kepek.

Ty#iin ce3gep: caHTAHABIPY, KEHICTIKTIK AEpPEeKTep, KEIICHIIK aKIIapaTTHIK-TEXHOJOTTSUIBIK IUIaThopma,
YITTBIK KEHICTIKTIK JepeKTep HHQPaKyphUIBIMBL, YKBIMIBIK aKblI Oi, KEHICTIKTIK AepeKTep i MaiaananymbuapasH
e371epi KYpyBl.
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IMPOBJIEMBI 1 TYTU PEHNEHUSA IU®GPOBU3AIIUN
MMPOCTPAHCTBEHHBIX JAHHBIX PECITYBJINKHU KA3AXCTAH

AnHoTtanusi. B pa0oTbl BBISIBIEHBI OCHOBHBIE NpOOJieMbl co3laHusi u (GopMmupoBaHus HarmoHanbHON
nH(pPaCTPyKTypHl IPOCTPaHCTBEHHBIX NaHHBIX PecrryOmmku Kazaxcran (HUII/ PK). I'maBHbIMM U3 HUX SBISIFOTCS:
NpaBWIbHOE (DOPMHUPOBAHME HCIOJHUTEINBHON CTPYKTYpBI; HEINOJHBIH COCTaB JAEHCTBYIOUNIMX CTaHIApTOB JUIS
cozmanust HUIIJL PK; OeccucremHOe co3maHMe W HeaJleKBaTHOE (OpMHpOBaHHE HPOCTPAHCTBEHHBIX JaHHBIX;
HU3KUH YPOBEHb TEXHOJIOTHH; HEOOXOJUMOCTh COBEPIICHCTBOBAHHS ITOJATOTOBKH CIIELUANNCTOB. [Ipu opraHn3annu
HUIT PK mnpemmnoxxeHo oOpaTWTh BHUMAaHHE Ha WCHOJMHHUTENBHYIO CTPYKTypy DemepaqbHOrO KOMHTETa II0
reoganabiM CIIA, xoTopas mpuBeneHa B KadecTBe IpuMepa B cxemarmdeckoi ¢opme. [IpemnokeHa BbripabOTKa
HOBBIX craHmaptoB ansi HUIIJ PK wmnm mepenokeHHs HOPMATHBHO-IIPABOBBIX [TOKYMEHTOB, IPOBEPEHHBIX Ha
MPaKTUKE pa3BUTBIX CTPaH; IPUMEHEHHE IIOCIEAHUX JOCTIKCHHM B OOJNACTM TEXHOJIOTHMHM CO3JaHHA U
pacIpocTpaHEeHUs] MPOCTPAHCTBEHHBIX AaHHBIX. OLEHEHBI CTENEHb I'OTOBHOCTH M YPOBEHb Pa3BUTHS KaKAOH U3
nsaTH rpynn npocrpaHctBeHHbIx aaHHbix HUIT/ PK: ¢yHnamenranbHOM, 0a30BOii, OTpacieBbiX, TEMaTUYECKUX U
METaJaHHbIX. YKa3aHO Ha OTCYTCTBHE B PECIYOJIMKE COOCTBEHHOW OTKPBITOM CHCTEMBbI KOOpAMHAT, 0e3 KOTOpou
HeBo3MoxHO cozfgate HMIIJ] PK. OrmedeHo, 4TO 10 HACTOSIIETO BPEMEHH HE ONpE/AeNeH COCTaB 0a30BBIX
MIPOCTPAHCTBEHHBIX JIAaHHBIX HAIMOHAIBHONW HMH(QPACTPYKTYPHI IPOCTPAHCTBEHHBIX MAaHHBIX CcTpaHbl. OOpaiieHo
BHUMaHHeE, 4TO B pecIlyOJIMKe OTpaciieBble IIPOCTPAHCTBEHHbBIE IaHHBIE CO3/AI0TCS U (POPMUPYIOTCSI OECCHCTEMHO U
HE BCEMH TOCYNapCTBEHHBIMH BelOMCTBaMH opraHamu. B Kasaxcrane, Hamboiee mMaccoBoe pa3BUTHE IOIYUHIIO
CO3/JaHNEe TEMAaTHYECKHX IIPOCTPAHCTBEHHBIX HaHHBIX. OIHAKO, B 00JAaCTH CO3JaHUS TEMAaTWYECKUX JaHHBIX
OTCYTCTBYET MEXAaHH3M LMBIJIM30BAHHOTO KOHTPOJS M MOCJIEAYIONETo OOMEHa. JTO NPHUBEIO K TOMY, YTO
TEMaTHYECKHE TPOCTPAHCTBEHHBIC JAHHBIE YacTO MPEBPAILAIOTCA B COOCTBEHHOCTh MPOU3BOJUTEINEH I€ONaHHBIX U
HE TIOCTYMaIOT B OOIIYI0 CUCTEMY MX XPAaHEHUS U PACHpPOCTpaHEHUs. B 06macTi TEXHOIOIMN aBTOPHI CUUTAIOT, YTO
Juist co3nanusi, popmuposanust u pazsurue HUITJ PK HeoOXxommmo MCMONb30BaTh TEXHOJIOTHH UH(PACTPYKTYpHI
MPOCTPAHCTBEHHBIX JaHHBIX 2.0.

B kayectBe omHoro u3 myrted cosmanus u (opmupoanus HUIIJ] PK mpenmiaraercs coBepiICHCTBOBaHUE
ABTOMaTH3MpOBaHHON HH(MOPMAIIMOHHOW CHCTEMBI TrocyJapcTBeHHOro 3emenbHoro kxanmacrpa (AUC I'3K),
nononauB e€ texnonorusimu UITJL 2.0. AUC I'3K nunamudHO pa3BUBaeTcs M yke uMeeT Oonee 12 mojcucreM n
Kaprorpaguyeckyro OcHOBy Ha Bcto Teppuropuio Kazaxcrana. AMC I'3K crmocoOHa OTHOCHTENBHO JIETKO
WHTErPUPOBATHCS C IPYTMMHU HH(POPMAIIIOHHBIMU CHCTEMaMH, UMEET BEPTHKAIBHYIO U TOPH30HTAIBHYIO CTPYKTYPY
1 cOpMHUPOBAHHBIA IMITAT KBATH(UIMPOBAHHBIX COTPYAHHKOB B KaXIOM paioHe pecnyOnuku. EcrecTBeHHO, Mist
nonHoteHHOoTo wuermons3oBanuss AWC I'3K gmsa cosmanme HUIIJ] PK HeoOXxoamMo mpenBapUTENbHO PEIINTH
BBIIBJICHHBIC aBTOPAMH OPTaHU3AOHHBIE, TEXHMYECKHE, TEXHOJIOTHYECKHE TPOOIIEMBI.

KaroueBble cinoBa: nndpoBu3aiys, IPOCTPAHCTBEHHBIC JAHHBIC, KOMIUIEKCHBIE HH()OPMAIMOHHO-TEXHOIOTU-
YecKHe IIaTGOPMBbI, HALMOHAIbHAS HHPPACTPYKTYpa NPOCTPAHCTBEHHBIX JAHHBIX, KOJUIEKTUBHBIN pa3yM, CO3/1aHUE
COJIeprKaHKe MOJIb30BATEISIMHU, TPOOIIEMBI, TYTH PELICHUSL.
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