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Application of GIS technology in cross-border tourism cooperation planning

Abstract

Object: The emphasis in this paper is put on the use and importance of GIS techmelogyiin tourism. This paper
takes the spatial pattern of cross-border tourism cooperation in the Altai Mountaing regionas the research object.

Methods: The research methods are: the terrain analysis, three-dimensiondl seefic simulation, data statistics, suita-
bility analysis, visual domain analysis, transportation network analysis, and project siteselection of GIS technology in
tourism planning.

Findings: The presented research is analytical in nature. The specifieiapplication of GIS technology in tourism
planning is discussed. Also, 7 types of GIS applications were consideredyin the paper. In summary, GIS is mainly com-
posed of data input system, data management system, spatiahanalysis systém and data output system.

Conclusions: The results of a study of the landscape features ofpAltai Mountains using GIS technologies prove
that the tourist capabilities of the region provide an exgellent opp@itunity to create an international cross-border tourist
point. In addition, the full use of GIS technologies in toutism planning can significantly increase the scientific, urgency
and efficiency of planning. This is one of the most importanpdirections for the future development of tourist planning.

Keywords: GIS, tourism planning and development, spatial pattern, application value, ecotourism, 3D scene simu-
lation, terrain analysis.

Introduction

Since the 1960s, the appligation'of GISitechnology in the field of geography has led geography to the
development path of informatization and.digitization. GIS technology, which focuses on spatial information
analysis and spatial data managemetit, has become an important spatial system for geographic exploration.
GIS technology has extremely dmportant advantages in collecting, processing, simulating, analyzing and ex-
pressing geospatial datal(Guy, 1991).

The Altai Mountains cover 600,000 sq km of Russia, Mongolia, Kazakhstan, and China reaching an al-
titude of 4.500 m@bovemean sea level and including many peaks over 4000 m. They are home to over 75
species of mammalsand2000 species of wild plants inhabiting a wide range of habitat types extending from
the alpim@zonedown/through scattered high mountain forest and mountain steppe to lowland desert steppe
and gparse riparian®forests in the valleys. The wild and domesticated species of the Altai Mountains, together
with thedistinct ecosystems in which they live, comprise the area biodiversity — a unique assemblage with
intrinsic'valués as an irreplaceable product of natural selection, biogeography, and local history, and utilitari-
an values for human livelihoods today and in the future (The Altai Mountains Biodiversity Strategy Prepara-
tion Team, 2009) (Fig. 1).
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Figure 1. Area map around the Altai Mountains

Note: complied by the authors based on Google

Literature review

Tourism planning is a highly comprehensive and highly complex systemati€’préject, involving the ac-
quisition of tourism spatial information data, tourism environment analysis and‘tesourc€evaluation investi-
gation, market research, spatial layout, project development, resource envigghmentalyprotection, and sustain-
able development. As well as topography, land use, transportation, humaniti€s, €conomy, and other levels,
the amount of information and data is huge (Lew, 2007).

GIS technology, with its powerful functions such as graphicalydata\collection, data analysis and pro-
cessing, spatial data visualization, and spatial analysis, can effectively planregional tourism and provide new
development methods and new tools for the micro and macré®management of the tourism industry. It pro-
vides strong support for improving the efficiency of teurism planning and strengthening the scientific nature
of planning (Boers & Cottrell, 2007).

Geographic information system (GIS) is a ¢emputer-based technology that is used to manage and ma-
nipulate geographic data (Bennett & Amstrong, 200.1). The main worth of GIS is in geographical analysis
where vector and raster data models are used to perfommisix prime analysis functions: proximity analysis,
network analysis, overlay analysis, temporal €hange analysis, statistical analysis, and three-dimensional vis-
ualization (Fotheringham & Rogerson, 1994; Kurian, 2011).

GIS offers valuable manifold benefits fofathe development of modern tourism. The use and application
of GIS technologies in the tourism gector'€an be divided into three major application areas: tourism devel-
opment and research, tourism plafining, and tourism marketing (Sureshkumar et al., 2017).

In tourism development and tesearch, the use of GIS provides valuable information on areas facing en-
vironmental degradation and requiring rehabilitation and restoration. Burrough (2001) presents the use case
of GIS-based image analysis@nd data visualization functionalities for the mapping of object data. In tourism
planning, MinagaWa &|Tanakas@998) have successfully used GIS technologies to describe and identify tour-
ism infrastructure_elemeftsmsuch as visitor centers, hotels, trails, and field situations. Using queries to geo-
relational data, proximityaand overlay functions were used to provide tourists with updated information about
both places towisit and, to explore (Christ et al., 2003), as well as to obtain information about specific tourist
servigés (Kim &'Graefe, 2000). Furthermore, GIS successfully applies to promote, plan, implement, manage,
and“market toutism resources. According to Rahman (2010), modern tourism marketing strategy depends on
makingan analysis on geodemographic characteristics, experiences, cultural heritage, time-space factors, all
of which ‘eaft ' be performed using GIS and, thus, make it possible to locate and analyze the geodemographic
characteristics of actual and potential travelers.

Selected spatial pattern of ecotourism landscape

Kazakhstan Katon-Karagay Nature Reserve (National Park) and Markakol Nature Reserve (National
Park). Russian Federation, Teletskoye Lake, Altai Nature Reserve, Belukha Mountain, Katunsky Cumin Re-
serve and Ukok Plateau, Kosh-Agach, SumultinskiyKhrebet, etc.; Kanas Nature Reserve, China,
Liangheyuan Nature Reserve District, Burgen Beaver National Nature Reserve. Mongolia SiilkhemiinNuruu
National Park; KhukhSerkhiinNuruu National Park; AltanKhukhiiUul Nature Reserve; Bulgan Gol-
IkhOngog National Park. TsambagaravUul National Park; ChigerteinGolin Ai Sav National Park; Harusnur
Ramsar Wetland, etc. (Fig. 2).
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Figure 2. Selected spatial pattern of ecotourism landscape L 3
Note: complied by the authors

Methods

Statistics

Since the conditions of ecotourism resources in the Altai Mountains are basically similar, the selected
ecological blocks are used as data statistics objects in the planning operatio essyUtilization area, build-
ing height, building density, green area ratio, floor area ratio, etc.).

Refine and analyze the relevant data of surveying and mapping to ic maps of various scenic
spots through the GIS system, and display the data in the form of data, charts, and maps in a complete and
intuitive way, to estimate and save costs for the land use of touris ing and the filling and excavation
in the implementation of the plan Provide effective reference, X

Filling and digging statistics

Due to the uneven terrain, the construction of the area around the Altai Mountains is difficult, and the
spatial pattern of the scenic spots is unbalanced. rder to'Save construction costs, vertical planning is
mainly used.

In the vertical planning, the elevation value is us study the topography after planning. This is prone
to large deviations in the terrain design of mountain tourist areas (for example, the retaining wall is too high,
the leveling of the site is too difficult, th h'and stone are difficult to balance, etc. ).

Using GIS can simulate the plans
the same time, through the superimp
clearly display the topography
opment.
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Figure 3. Analysis diagram of filling and excavation of a landscape in Altai Mountain

Note: complied by the authors

Case: It is estimated that 1.8 million square meters of filling, 860,000 square meters of excavation, un-
balanced filling and excavation, need to borrow soil in other areas, or modify the vertical plan (Fig. 3)
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Land use index

Land use indicators include the spatial distribution of various types of land in the project site, used area,
building density, green area ratio, floor area ratio, etc. Through the analysis of surveying and mapping topo-
graphic maps, statistics of various land data indicators are used to predict and analyze the available land for
future projects. Schematic diagram of land division in the Altai Mountains shows 3 types of zones (Fig. 4).

Figure 4. Schematic diagram of land division in% ntains of China

(1. Mountain zone; 2. Oasis zone; esert Zone)
Note: complied by the authors
Terrain Analysis
Terrain analysis is a necessary prerequisite for the construction of eco-tourism projects, especially in the

development of mountainous tourist attractions.

The terrain of the Altai Mountains is very com more accurate measurement techniques are
needed to support the project, that is, using GIS to analyze features such as elevation, slope, aspect, and hy-
drology (topography-based catchment lin

At the operational level of tourism p this technology has strong guidance for terrain control, wa-

Figure 5. Topographic analysis diagram

Note: complied by the authors

3D scene simulation

Three-dimensional scene simulation can simulate the current situation of mountain landscape spatial
pattern and the planned terrain, traffic, water system, vegetation, architecture and other scenes in 3D mode.
Through the simulation function of the three-dimensional scene of various scenic spots in the Altai Moun-
tains area, you can feel the terrain and the atmosphere of the site in an intuitive digital environment, and pro-
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vide an excellent research foundation for road traffic planning, project layout and other program design con-
tent (Fig. 6).

Figure 6. Three-dimensional simulation diagram \
Note: complied by the authors

Suitability analysis
The area around the Altai Mountains belongs to a special ecosystem. |
tourism projects are often developed and constructed in areas with beautifi @
involves ecological sensitivity and construction suitability analysis. Usefof GIS technology to analyze and
evaluate individual factors such as terrain, water system, land, vege ion; and buildings, and use map over-
lay methods to generate comprehensive analysis results, and divit& opment area according to the
u

levels of suitable construction, more suitable construction an le construction, or Ecological protec-
tion areas are divided according to the high, medium, and low le ofecological (Zhang Yu & Chen Xu-

dong, 2016).

Analysis of Landscape Horizon

The analysis of the landscape horizon is an imi
horizon analysis of the cross-border ecological landsc
the points are mutually visible, the visual do
The visual field of the surface. Through t
of sights and viewing routes, as well asithe
role in planning the spatial pat
i¢ & Njegus, 2008).

tent in mountainous ecotourism planning. The
S in the Altai Mountains area includes whether
in of the points, and the visual domain of the route (Fig. 7).
sis of landscape horizons, it is possible to analyze the scope
onditions of each scenic spot, which has a strong guiding
ant scenic spots, viewing facilities and viewing routes (Jovanov-

Figure 7. Analysis of Landscape Horizon

Note: complied by the authors

Traffic network analysis

In the Altai Mountains, GIS can construct a network data set to import linear elements (roads, etc.) and
point elements (entries, stops, junctions) into the network data set, and set traffic attributes such as connec-
tivity, traffic cost, turning radius, etc. Accurately construct the transportation network, and can also simulate
the road conditions such as one-way lanes, no-turns at intersections, time-sharing road conditions, and
above-ground and underground traffic changes. On this basis, the shortest driving path is calculated, which
provides clear road traffic planning and service facility planning for tourist attractions guidelines (Marzekaj,
2020), (Fig. 8-10).
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Figure 8. Traffic network analysis Figure 9. Schematic diagram of traffic Figure 10. Schematic diagram of
simulation data statistics service area

Note: complied by the authors

Optimal site selection of the project

The optimal site selection of the project is to combine topographic and geomorphologieal,analysis, suit-
ability analysis, horizon analysis, refer to traffic network analysis, and determine the apptropriate location of
the project by using the “location allocation” technology or the use of buffer overlay technology‘ae¢ording to
the project's limited conditions, and Determine the site selection of the project based gft planning needs. This
function has scientific guiding significance for the spatial pattern of the project layeutieftourist attractions in
tourism planning.

Results

GIS use has so far provided successfully results which promote importanée of information over tech-
nology. In the article GIS has been established as a tool for collecting, analyzinggmodelling and visual
presentation of tourist data. Also, GIS is used for bringing the geographical data (spatial and non spatial) of
Altay Mountains into digital maps. Findings from the analysis of the, touriSm components in the district re-
veal that Altai Mountains are the unique area to become the teurism destination functioning as the centar of
tourism activities.

Discussions

The function of modeling a three-dimensional scene ofvarious picturesque places in the Altai Moun-
tains shows the relief and atmosphere of the object ian intuitive digital environment and provides an excel-
lent research basis for traffic planning, project layout ands@ther software content.

Relying on the comprehensive natural landscape of the mountains around the Altai Mountains to create
an international tourist hotspot, and learning from the Alpine cross-border tourism cooperation model of
Switzerland, Italy, Slovenia, and Croatiagcross=border tourism in the Altai Mountains region is fully quali-
fied to become a world-class. It is a fourismibrand that can achieve a tourism scale of more than 10 million
people and an income of more than 1%billion'U.S. dollars.

Conclusions

In summary, GIS is mainly composed of data input system, data management system, spatial analysis
system and data output@System. ltshas a very important application value in tourism management and devel-
opment. In addition‘te the,above seven types of applications, GIS technology also includes the display of
three-dimensionaljscenes in tourist attractions, tourism decision support, tourism planning and mapping,
tourism resousce value evaluation, environmental monitoring and protection, and tourism. The application of
information quety and other aspects also has a huge effect (Pareta, 2013).

The fallvapplication of GIS technology in tourism planning can greatly improve the scientificity, opera-
bility ‘and landing of the planning. It is one of the important directions for the future development of tourism
planning:lt i§"also the tourism management unit to provide a complete and reliable data basis for its devel-
opment. Scientific and reasonable tourism management and development plans promote the development of
the tourism industry.
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Xan ®anr, A. Anaii, B.J1. Kanainna

Typu3m caacbIHAAFbI TPAHCHIEKAPATBIK BIHTHIMAKTACTHIKTHI
skocmapJiiay kesinge I'AJK-TexHosorusiapanl KoJaaHy

Anoamna:

Maxcamoi: Makanaga I'’AJK-TexHonorusnapelHbIH TypU3M/Ee KONJAHBUTYbl MEH MaHBI3/IbUIBIFBIHA 0aca Hazap ayJapblIFaH.
3epTTey HBICAHBI peTiHae AJNTail Taybl aiiMarbIHIAFEl TPAHCUIEKAPAIBIK TYPUCTIK BIHTBIMAKTACTHIKTHIH KEHICTIKTIK KYPBUIBIMBI Ka-
PacTBIPBUIFaH.

Odici: 3epTTey dmicTepi peTiHme xep OenepiH Tannay, opHaigacy opHbsIH 3D Monenbaey, AepeKTep CTaTUCTHKACHIH, KapaMIbl-
JIBIKTHI, TAKBIPBIITHIK aiiMaKThl BH3yaJJbl Tajay, KOJIK XXeNiCIH Taigay oHe Typm3Mai skocmapiayna I'AJK-texHomorusurapbia
KOJIIaHa OTBIPHIT 5k00a OPHBIH TaHAAY.

Kopbimbinowi: ¥ ChIHBUIFAH 3epPTTEY aHAIUTUKAIBIK OOJIBIN CaHANIa/bl, MaKanaaa Typusmai sxocnapiayna IAXK- TexHonorus-
CBIHBIH HaKThl KOJJAaHBUTYHl TankpulanraH. ConeiMeH Katap, I'AXK KoceiMimanapsiaeie 7 Typi Kapactsipeiiral. Ocbutaiima, [AX
HeTi3iHeH epeKTep/i eHri3y KyieciHeH, aepekTepai 6ackapy KylHeciHeH, KeHICTIKTIK Tanaay jKyHeciHeH jKoHe AepeKTepi IbFapy
JKYHECIHEH TYPaThIHABIFb alKbIHIAJIFaH.
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Tyorcvipvimoama: T AXK-TexHomorusuiapslH naidanana OTHIPbIN, Tayisl ANTaiAblH JaHAIAQTTHIK €PEKIISTIKTepiH 3epTTey
HOTHOKeJepl OHIpAIH TYPUCTIK MYMKIHAIKTepl XaJIbIKapaliblK TPaHCIIEKapalblK TYPHCTIK HYKTECIH KypyFa TaMalia MyMKIHIiK Gepe-
TiHiH ponengeini. Conpaii-ak Typu3Mai sxocmapiayna I'AXK-TexHomorusmapslH TOJNBIK KOJIAHY JKOCTIapiayAbIH FEUTBIMH, ©3€KTLIIT
MeH THIMIUTITIH e19yip apTThIpa ajnaasl. By TypHCTiK skocnapiayaslH OoJamak JaMysl YIIiH MaHBI3AbI OarbITTapabIH Oipi.

Kinm ce30ep: I'AXK, Typu3mi xocnapiay koHe JaMbITy, KeHICTIKTIK KYPBUIBIM, KOJIJaHOAIbl KYHABUIBIK, S9KOTYpU3M, 31 ke-
PIHICTI MOZEINIB/ICY, KEPTUTIKTI KepAi Tanaay.

®. Xan, A. Anaii, B.JI. ’Kanainna

IIpumenenune 'MC-TexHOJI0THIl NPHY NJIAHMPOBAHUM TPAHCTPAHUYHOIO COTPY/AHHYEC-
TBa B 00J1aCTH TypU3Ma

AHnHomauusn

Ilenv: AKLEHT B HacTOsIIEH CTAaThe CleJIaH Ha MCHOIb30BaHUU U BaxkHocTH ['MIC-TexHonoruil B ZypusMe. B ka-
YyecTBe OOBEKTa HCCIIEOBAaHMS PAacCMOTPEHa MPOCTPAHCTBEHHAS CTPYKTYpa TPAaHCTPAaHWYHOL® TYPHCTHISEKOIO CO-
TpyaHuuecTsa B 'opHOM AnTae.

Memoodwsi: MeTogaMu MCCIIeI0BaHUs SBISIIOTCS aHAIN3 peibeda, TPeXMEPHOE MOJICTUPOBAHHUES GLICHB, CTAPUCTH-
Ka JTaHHBIX, aHAJIN3 MPUTOJHOCTH, BU3YyalbHBII aHAIM3 MPEIMETHON 00acTH, aHaIN3 TPAHCIIOPTHOMYCETH W BBHIOOP
MecTa MpoeKTa ¢ ucrnoiab3zoanueM [ IC-TexHomoruii B iIaHMpOBaHUN TypHU3MA.

Pesynomamei: TlpencraBineHHOE HCCIEIOBaHUE HOCUT aHanuTHUecKui xapakrep {OO0cyxAeH0 KOHKpETHOE NpH-
menenne I'MC-texHonoruil B mmaHupoBaHuu Typusma. Kpome Toro, aBropamu ObEid paecMoTpeHsl 7 tumoB [MC-
npunoxennit. Takum obpazom, ['YIC, B 0OCHOBHOM, COCTOHUT U3 CHCTEMBI BBOJA HAHHBIX, yIIPABICHUS JAHHBIMH, IIPO-
CTPaHCTBECHHOI'O aHaJIW3a U CUCTEMbI BBIBOJAA JJAHHBIX.

Buisoowt: PesynbraThl HccnenoBanus JaHAmadTHeIx ocodeHHocTel ['opHOro“Aftas ¢ ucnosb3oBanueMm ['MC-
TEXHOJIOTUH JOKa3bIBAIOT, YTO TYPUCTUYECKHE BO3ZMOKHOCTH PETrHMOHA TIPCAQEIABISIIOT MPEKPACHYIO BO3MOXKHOCTD IS
CO3/1aHUSI MEXJYHApOAHOr0 TPAaHCTPAaHUYHOTO TypUCTHUecKoro myHKTapKpome“toro, nonHoe ucnons3oBanue I'MC-
TEXHOJIOTUI B TUIAHMPOBAaHWHU TypHU3Ma MOXKET 3HAYMTENIHHO MOBEICWDE HAYHHOCTH, aKTYaJbHOCTh U 3(Q(PEKTUBHOCTH
TUTAHUPOBAHMS. DTO OJJHO U3 BaKHEUIINX HAINpaBICHUH JIH0YAYHIETO PABBUTHS TYPUCTUIECKOTO IIJIAHUPOBAHMS.

Knrwouesvie cnosa: TYIC, nmnanupoBaHue U pa3BUTHE TypU3Ma, HPOCTPAHCTBEHHAS CTPYKTYpa, IpUKIaJHas LEHHOCTb, 3KOTY-
pusM, 3/I-MoieIupoBaHuUE CLECH, aHAJIU3 MECTHOCTH.
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