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Application of GIS technology in cross-border tourism cooperation planning. Taking
the analysis of the spatial pattern of cross-border eco-tourism cooperation in the Altai
Mountains region as an example

Since the 1960s, the application of GIS technology in the field of geography has led geography to the devel-
opment path of informatization and digitization. GIS technology, which focuses on spatial information analy-
sis and spatial data management, has become an important spatial system for geographic exploration. GIS
technology has extremely important advantages in collecting, processing, simulating, analyzing and express-
ing geospatial data. Object: This paper takes the spatial pattern of cross-border tourism cooperation in the Al-
tai Mountains region as the research object. Methods: The research methods are: the terrain analysis, three-
dimensional scene simulation, data statistics, suitability analysis, visual domain analysis, transportation net-
work analysis, and project site selection of GIS technology in tourism planning. Results: The presented re-
search is analytical in nature. The specific application of GIS technology in tourism planning is discussed.
Also, 7 types of GIS applications were considered in the paper. In summary, GIS is mainly composed of data
input system, data management system, spatial analysis system and data output system. It has very important
application value in tourism management and development.

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

Introduction

The Altai Mountains cover 600,000 sq km of Russia, Mongolia, Kazakhstan, and China reaching an al-
titude of 4.500 m above mean sea level and including many peaks over 4000 m. They are home to over 75
species of mammals, and 2000 species of wild plants inhabiting a wide range of habitat types extending from
the alpine zone down through scattered high mountain forest and mountain steppe to lowland desert steppe
and sparse riparian forests in the valleys. The wild and domesticated species of the Altai Mountains, together
with the distinct ecosystems in which they live, comprise the area’s biodiversity — a unique assemblage with
intrinsic values as an irreplaceable product of natural selection, biogeography, and local history, and utilitari-
an values for human livelihoods today and in the future [1] (Fig. 1).

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 Croatia, cross-border tourism in the Altai Mountains region is fully quali-
fied to become a world-class. It is a tourism brand that can achieve a tourism scale of more than 10 million
people and an income of more than 1 billion U.S. dollars.
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Figure 1. Area map around the Altai Mountains
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Literature review

Tourism planning is a highly comprehensive and highly complex systematic project, involving the ac-
quisition of tourism spatial information data, tourism environment analysis and resource evaluation investi-
gation, market research, spatial layout, project development, resource environmental protection, and sustain-
able development. As well as topography, land use, transportation, humanities, economy, and other levels,
the amount of information and data is huge [2].

GIS technology, with its powerful functions such as graphical data collection, data analysis and pro-
cessing, spatial data visualization, and spatial analysis, can effectively plan regional tourism and provide new
development methods and new tools for the micro and macro management of the tourism industry. It pro-
vides strong support for improving the efficiency of tourism planning and strengthening the scientific nature
of planning [3].

Geographic information system (GIS) is a computer-based technology that is used to manage and ma-
nipulate geographic data [4]. The main worth of GIS is in geographical analysis where vector and raster data
models are used to perform six prime analysis functions: proximity analysis, network analysis, overlay anal-
ysis, temporal change analysis, statistical analysis, and three-dimensional visualization [5, 6].

GIS offers valuable manifold benefits for the development of modern tourism. The use and application
of GIS technologies in the tourism sector can be divided into three major application areas: tourism devel-
opment and research, tourism planning, and tourism marketing [7].

In tourism development and research, the use of GIS provides valuable information on areas facing en-
vironmental degradation and requiring rehabilitation and restoration. Burrough [8] presents a use case of
GIS-based image analysis and data visualization functionalities for the mapping of object data. In tourism
planning, Minagawa Tanaka [9] has successfully used GIS technologies to describe and identify tourism in-
frastructure elements, such as visitor centers, hotels, trails, and field situations. Using queries to geo-
relational data, proximity and overlay functions were used to provide tourists with updated information about
both places to visit and to explore [10], as well as to obtain information about specific tourist services [11].
Furthermore, GIS successfully applies to promote, plan, implement, manage, and market tourism resources.
According to Rahman [12], modern tourism marketing strategy depends on making an analysis on geodemo-
graphic characteristics, experiences, cultural heritage, time-space factors, all of which can be performed us-
ing GIS and, thus, makes 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, Sumul'tinskiy Khrebet, etc.; Kanas Nature Reserve, China,
Liangheyuan Nature Reserve District, Burgen Beaver National Nature Reserve. Mongolia Siilkhemiin Nuruu
National Park; Khukh Serkhiin Nuruu National Park; Altan Khukhii Uul Nature Reserve; Bulgan Gol-lkh
Ongog National Park. Tsambagarav Uul National Park; Chigertein Golin Ai Sav National Park; Harusnur
Ramsar Wetland, etc. (Fig. 2).
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Figure 2. Selected spatial pattern of ecotourism landscape
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Experimental

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 operation process (Utilization area, build-
ing height, building density, green area ratio, floor area ratio, etc.).

Refine and analyze the relevant data of surveying and mapping topographic 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 tourism planning and the filling and excavation
in the implementation of the plan provide effective reference.

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. In order to save construction costs, vertical planning is
mainly used.

In the vertical planning, the elevation value is used to 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, the earth and stone are difficult to balance, etc.).

Using GIS can simulate the planned topography of the site, analysis and adjustment are carried out at
the same time, through the superimposition of the planned topography and the original topography, it can
clearly display the topography of the project land and the fill and excavation data of the project site devel-
opment.

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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Figure 3. Analysis diagram of filling and excavation of a landscape in Altai Mountain

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.

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 complex, and 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 line).
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At the operational level of tourism planning, this technology has strong guidance for terrain control, wa-
ter system planning, drainage conditions analysis of mountainous areas, and suitability analysis of construc-
tion conditions (Fig. 4, 5).

Figure 4. Schematic diagram of land division in the Altai Mountains of China
(1. Mountain zone; 2. Oasis zone; 3. Desert zone)

Figure 5. Topographic analysis diagram

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-
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
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Suitability analysis

The area around the Altai Mountains belongs to a special ecosystem. In cross-border tourism planning,
tourism projects are often developed and constructed in areas with beautiful ecological environments. This
involves ecological sensitivity and construction suitability analysis. Use GIS technology to analyze and eval-
uate individual factors such as terrain, water system, land, vegetation, and buildings, and use map overlay
methods to generate comprehensive analysis results, and divide the development area according to the levels
of suitable construction, more suitable construction and unsuitable construction, or Ecological protection ar-
eas are divided according to the high, medium, and low levels of ecological [13].

Analysis of Landscape Horizon

The analysis of the landscape horizon is an important content in mountainous ecotourism planning. The
horizon analysis of the cross-border ecological landscape GIS in the Altai Mountains area includes whether
the points are mutually visible, the visual domain of the points, and the visual domain of the route. The visu-
al field of the surface (Fig. 7). Through the analysis of landscape horizons, it is possible to analyze the scope
of sights and viewing routes, as well as the visual conditions of each scenic spot, which has a strong guiding
role in planning the spatial pattern of important scenic spots, viewing facilities and viewing routes [14].

Figure 7. Analysis of Landscape Horizon

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 [15] (Fig.
8-10).
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Figure 8. Traffic network analysis  Figure 9. Schematic diagram of traffic Figure 10. Schematic diagram of ser-
simulation data statistics vice area

Optimal site selection of the project

The optimal site selection of the project is to combine topographic and geomorphological analysis, suit-
ability analysis, horizon analysis, refer to traffic network analysis, and determine the appropriate location of
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the project by using the “location allocation” technology or the use of buffer overlay technology according to
the project's limited conditions, and determine the site selection of the project based on planning needs. This
function has scientific guiding significance for the spatial pattern of the project layout of tourist attractions in
tourism planning.

Concluding remarks

In summary, GIS is mainly composed of data input system, data management system, spatial analysis
system and data output system. It has very important application value in tourism management and develop-
ment. In addition to the above seven types of applications, GIS technology also includes the display of three-
dimensional scenes in tourist attractions, tourism decision support, tourism planning and mapping, tourism
resource value evaluation, environmental monitoring and protection, and tourism The application of infor-
mation query and other aspects also has a huge effect [16, 17].

The full application 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. It is 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, A. Anaii, b.J1. XXanninna

Typusm cajiacbIHAAFbI TPAHCIIEKAPAIBIK BIHTBIMAKTACTBIKTBI
skocnapaay kesinge I'AJK-TexHoJsiorusijiapabl KoJJIany.
AJITail TayJaphIHIAAFBI IKOTYPU3M CAJIACHIHAAFHI TPAHCHIEKAPAJIBIK
BIHTBIMAKTACTBIKTBIH KeHICTIKTIK KYPbUIBIMBIH TAJJ1ay MbICAJIBIHIA

1960 xbiinan Gepi reorpadust canaceiana [AX (TVIC) TexHONOTHAIAPHIH KOJIaHy TeorpadusHbl aKmapar-
TaHIBIPYMEH LU(PIAHIBIPYABIH AaMy KOoJiblHA Tycipai. KeHiCTIKTIK akmapaTThl Tajgay »oHe AepeKTepmi
Gackapyra GarsiTTanran ['AJK TexHOIOTHSICH TeorpadUsIbIK 3epTTeyiep YIIiH MaHbI3/Ibl KeHICTIKTIK JKylere
aifHanael. I'AXK TeXHOIOTHACH TEOKEHICTIKTIK AepeKTep i )KUHAYAa, OHIey e, MOJIeIbIey e, Talaya *KoHe
Tapary/a eTe MaHbI3/bl apTHIKIIBUIBIKTapFa ue. Makcamul: Makanaja 3epTTey HbICaHBI peTiHue Airail Taybl
aiiMaFbIHIAFB] TPaHCIIEKapablK TYPHUCTIK BIHTHIMAKTACTHIKTBIH KEHICTIKTIK KYPBUIBIMBI KapacTHIPBUIFaH.
Ooici: 3epTTey dmicTepi peTinae xep OenepiH Tannay, >KeprilikTi Tangay, OpHAIAaCy OPHBIH YII ©JIIIeMAl MO-
JeTbey, JepeKTep CTAaTUCTUKACH, ’KapaMIBUIBIKTHI Talay, BU3yalabl aiMaKThl Talay, KeJlik XKeliCiH Tal-
Jay *xoHe TypusMai xocmapnayaa 'AXK TexHomorusuiapslH KoJlaHa OTHIPHIIN k00a OpHBIH TaHJay TalfaH-
FaH. KopuimbinOvl: ¥ CHIHBIIFAH 3epTTEy aHATUTHKAIBIK OOJIBIN TaObUIaAbl, MaKadaga TypU3M/i Koclapiay-
Ja 'AXK TeXHONOTUACHIHBIH HaKThl KOJIIAaHbLTYb! TankbulanFaH. CoHbiMeH Kartap, ['AXK KocsiminanapbeiHbig
7 typi Kapacteipeurrad. Oceunaiinna, AXK HeriziHeH aepekTepi eHrizy KylieciHeH, qepekTepi 0ackapy Ky-
HeciHeH, KeHICTIKTIK TaJay KYWeCiHEH jKoHe IepeKTep i IbIFapy KYHeciHeH Typaabl. by Typusmai 6acka-
PY MEH JaMbITy/[a ©T¢ MaHBI3bl KOJIIAaHOAIEl MOHTE He.

Kinm cesoep: TAX, Typusmai xocnapiay >KoHE NaMbITy, KEHICTIKTIK KYpbUIbIM, KOJAAaHOAIBI KYHIBUIBIK,
9KOTYpH3M, 3 /] KepiHiCTI MoaenbaeY, KEPTrUTIKTI XKepai Taaaay.

®. Xan, A. Anaii, b.J1. XKanpginna

IIpumenenne 'MC-TexHOJI0THI IPH MJIAHUPOBAHUM TPAHCTPAHUYHOTO
coTpyAHMYecTBA B o0sacTu Typusma. Ha npumepe aHaim3a npocTpaHCTBEHHOM
CTPYKTYPBI TPAHCTPAHUYHOI0 COTPYAHHYECTBA
B o0JiacTu 3xkoTypu3Ma B ['opHom Autae

T'UC-TexHOMOTHH, ¢ MX MOIIHBIMH (QYHKIHSAMH, TAKUMH Kak cOOp rpadHuecKuX ITaHHBIX, aHAIU3 U 00paboT-
Ka JaHHBIX, BU3yaJIM3alis NMPOCTPAHCTBEHHBIX JaHHBIX W MPOCTPAHCTBEHHBIH aHAIM3, MOTYT 3G {EKTHBHO
TUIAaHUPOBATh PETHOHANBHBIA TYpH3M M IPEOCTABIISTH HOBBIE METO/BI Pa3BUTHS M MHCTPYMEHTHI JUIS MHK-
PO- U MaKpOyIpaBJIeHHs] TyPUCTUIECKOI 0Tpacibio. B HacTosmiel cratbe B kKauecTBe 00bEKTa MCCIIeIOBAHUS
paccMOoTpeHa IPOCTPAHCTBEHHAsl CTPYKTypa TPAHCTPAHWYHOTO TYpPHCTUYECKOTO COTPYAHHYecTBa B ['OpHOM
Anrae. ABTOpaMy NPOaHAIM3UPOBAHBI MECTHOCTb, TPEXMEPHOE MOJEIMPOBAHHE CLEHBI, CTATHCTHKA JaH-
HBIX, TIPUTOMHOCTh, BH3yalbHas 001acTh, TPAHCIIOPTHAS CETh W BHIOOP MeCTa MPOEKTa C HCIOIb30BAHHEM
TUC-TexHomornii B IilaHUpOBaHUU Typu3Ma. [IpeicTaBneHHOe UCCleToBaHHEe HOCUT aHAJTMTHIECKUH Xapak-
tep. O6cyx)aeHo koHkpeTHoe mpuMeHeHne [ MC-TexHomornii B mraHnpoBannu Typusma. Kpome toro, Opum
paccmotpensl 7 tunoB ['UC-mpunoxxennid. Takum obpaszom, ['MIC, B 0CHOBHOM, COCTOUT U3 CHCTEMBI BBOJIA
JTAHHBIX, YIIPABJICHUS JAHHBIMH, IPOCTPAHCTBEHHOT'O aHAJIN3a U CUCTEMBI BBIBOJIA JaHHBIX. DTO, B CBOIO OUe-
penb, IMeeT BaKHOE MPUKIIAHOE 3HAYCHUE B YIIPABICHUH U Pa3BUTHU TypHU3Ma.

Kniouesvie cnosa: I'IC, nnaHupoBaHue W pa3BUTHE TypH3Ma, NPOCTPAHCTBEHHAs CTPYKTypa, MPUKIaTHAs
IIEHHOCTb, 3KOTYpU3M, 3J[-MoaenupoBaHue CLEH, aHAIU3 MECTHOCTH.
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