
Geojournal of Tourism and Geosites Year XIX, vol. 67, no. 3, 2026, p.2305-2313 

ISSN 2065-0817, E-ISSN 2065-1198 DOI 10.30892/gtg.67342-1854 
 

   Copyright: © 2026 by the authors.This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution 

4.0 International (CC BY 4.0) License 

 

 
SPATIAL DISTRIBUTION OF TOURISM RESOURCES IN UDON THANI, THAILAND: A GIS-

BASED APPROACH FOR SUSTAINABLE AND COMMUNITY-ORIENTED TOURISM PLANNING 

 

 
Morakot WORACHAIRUNGREUNG 

1
, Nayot KULPANICH 

1*
,  

Pornperm SAE-NGOW 
1

, Kunyaphat THANAKUNWUTTHIROT 
2

, Wat PLOYSRI 
3

 

 

 
1 Suan Sunandha Rajabhat University, Faculty of Humanities and Social Sciences, Geography and Geo-Informatics Program, 

Bangkok, Thailand; morakot.wo@ssru.ac.th (M.W.); nayot.ku@ssru.ac.th (N.K.); pornperm.sa@ssru.ac.th (P.S.N.) 
2 Suan Sunandha Rajabhat University, Faculty of Fine and Applied Arts, Digital Design and Innovation Program, Bangkok, 

Thailand; kunyaphat.th@ssru.ac.th (K.T.) 
3 Suan Sunandha Rajabhat University, Faculty of Education, Department of Educational Innovation and Technology, Bangkok, 

Thailand; wat.pl@ssru.ac.th (W.P.) 
 

 
 

Citation: Worachairungreung, M., Kulpanich, N., Sae-Ngow, P., Thanakunwutthirot, K., & Ploysri, W. (2026). Spatial 

distribution of tourism resources in Udon Thani, Thailand: A GIS-based approach for sustainable and community-oriented 

tourism planning. Geojournal of Tourism and Geosites, 67(3), 2305–2313. https://doi.org/10.30892/gtg.67342-1854    
 

 

Abstract: Contemporary tourism is increasingly shifting from a volume-based model toward a quality-oriented approach that 

emphasizes sustainability, local identity, and the redistribution of tourism activities to secondary cities and rural areas. This study 

aims to quantitatively assess the spatial distribution patterns and clustering dynamics of tourism resources in Udon Thani 

Province using geospatial analytical techniques, including the Nearest Neighbor Index (NNI), hot spot analysis (Getis-Ord Gi*), 

and Kernel Density Estimation (KDE). The analysis is based on a georeferenced dataset of tourism resource points derived from 

field surveys and secondary spatial databases. The NNI results indicated that tourism resources in Udon Thani exhibited a 

statistically significant dispersed pattern (NNI = 1.5689, p < 0.001), suggesting that the observed distribution was not random but 

reflected underlying spatial contexts and community settlement patterns. However, hot spot analysis identified areas of significant 

clustering of tourism activities, particularly in Mueang Udon Thani District, as well as in parts of Ban Dung and Nam Som Districts, 

which hosted specialized attractions with strong drawing power. Meanwhile, the KDE analysis confirmed the role of Mueang Udon 

Thani District as the provincial tourism core and highlighted the potential of secondary areas to support linked cultural and 

community-based tourism activities. The findings provide spatial evidence to inform the delineation of tourism development zones, 

the design of integrated tourism routes, and the formulation of balanced and sustainable tourism policies at the provincial level. This 

study contributes to the growing body of cultural and community-based tourism research by providing a data-driven framework 

for identifying spatial heterogeneity and supporting evidence-based tourism planning in emerging secondary destinations. 
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*  *  *  *  *  *  

 

INTRODUCTION              

Over the past decade, global tourism has shifted from a volume-based model toward a quality-oriented approach that 

places greater emphasis on sustainability, diverse experiences, and place-based tourism. Travelers increasingly seek 

destinations with distinctive local characteristics and are dispersing from primary cities to secondary cities and rural areas 

to reduce congestion and environmental impacts (Lane el al., 2022). At the same time, advances in digital technologies and 

the availability of spatial data have transformed the analysis of travel behavior, route planning, and destination management 

(Zeng et al., 2025). Consequently, geospatial tools and spatial analysis have become integral to tourism planning and policy 

formulation in many countries (Šoltésová et al., 2025). In Thailand, recent tourism development strategies have similarly 

prioritized income redistribution to regional areas, the promotion of secondary cities, and the expansion of cultural 

(Manosuthi, 2024), community-based, and nature-based tourism (Yodsurang et al., 2021). These strategies operate within 

broader frameworks of sustainable development and the creative economy and aim to reduce disparities between major 

tourism destinations and emerging areas with development potential. Prior to the COVID-19 pandemic, tourism played a 

crucial role in Thailand’s economy, generating approximately USD 60.5 billion in revenue from international tourists and 

accounting for around 18% of GDP (Sangkaew et al., 2025). The pandemic, however, caused a significant decline in 

tourism revenue in 2022 before recovery began in 2023 and 2024 (Sangnak, 2025). During this period, Thailand recorded 

approximately 35.5 million international tourists and a total tourism revenue of about 1.67 to 1.8 trillion Thai baht. 

These developments underscore the importance of effective spatial planning and tourism management, particularly at 

the provincial level (Bozdağ, 2023). Udon Thani Province, for example, possesses a wide range of tourism resources but 
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still lacks systematic quantitative analyses of their spatial distribution. In particular, limited empirical evidence explains 

whether tourism resources are clustered, dispersed, or randomly distributed across space.  

Understanding these spatial patterns is essential for guiding infrastructure development, managing tourism pressure, and 

formulating area-based tourism policies (Luo & Peng, 2024). Recent advances in Geographic Information Systems (GIS) 

enable more efficient and systematic spatial analysis, making GIS a critical tool for tourism planning and policy 

development (Gao et al., 2025; Akay, 2026). The Nearest Neighbor Index (NNI) is widely used in point pattern analysis to 

classify spatial distributions as clustered, random, or dispersed (Ding et al., 2024). In parallel, Kernel Density Estimation 

(KDE) supports the visualization of spatial intensity by producing density surfaces that highlight areas of concentration and 

areas with development potential (Xu et al., 2024). Together, these techniques provide a robust analytical framework for 

examining the spatial structure of tourism resources. Accordingly, this study analyzes the spatial distribution patterns of 

tourism resources in Udon Thani Province, Thailand, by applying the NNI and KDE within a GIS-based analytical 

framework (Wang et al., 2026). The findings aim to enhance spatial understanding of tourism distribution structures and to 

provide empirical evidence to support tourism development planning, resource allocation, and the formulation of 

sustainable, area-based tourism policies at both provincial and regional levels (Chalkidou & Mavridis, 2026). 

 

MATERIALS AND METHODS 

Study Area 

Udon Thani Province is a major regional hub in northeastern Thailand, located between latitudes 17°13′ and 18°10′ north 

and longitudes 102°00′ and 103°30′ east. The province plays an important role in the regional economy, transportation, and 

tourism, and hosts a wide range of tourism resources distributed across both urban and rural areas.  

Cultural and historical tourism constitutes a key component of the province’s tourism profile, with prominent 

attractions such as the Ban Chiang Archaeological Site in Nong Han District, a UNESCO World Heritage Site that 

reflects the development of prehistoric human civilization (Noichan et al., 2024). In addition, Udon Thani contains 

numerous religious sites and local cultural landmarks located in both urban centers and rural communities.  

The province also offers diverse natural and ecotourism resources, including forested areas, mountainous landscapes, 

and water bodies. Notable examples include Phu Phra Bat Historical Park, which features distinctive natural rock 

formations integrated with archaeological remains, and Huai Luang Reservoir, a popular recreational destination for 

residents and visitors. Moreover, several community-level natural attractions show strong potential for further 

development as conservation-oriented tourism sites. Community-based and lifestyle tourism represents another 

important dimension of tourism in Udon Thani Province, reflecting the distinctive identity of Thail Isan culture.  
 

 
Figure 1. The Study Area Map 

 

Local communities surrounding the Ban Chiang area in Nong Han District, as well as agricultural communities across 

various districts, offer opportunities to integrate tourism activities with learning experiences related to local livelihoods, 

traditional knowledge, and the grassroots economy (Suriyankietkaew et al., 2025). At the same time, urban tourism and 
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cross-border trade are concentrated primarily in Mueang Udon Thani District, which functions as a transportation, service, 

and commercial center and serves as a key link to neighbouring countries in the Greater Mekong Subregion (Kokkhangplu 

et al., 2025). Given this diversity of tourism resources, understanding spatial distribution patterns and density is essential 

for effective tourism development planning and appropriate spatial management. As shown in Figure 1. 

 

Data Collection  

This study employed spatial data on tourism resources represented as point features, with each point indicating the 

geographic location of a tourism site. The data were obtained from field surveys and reliable spatial d atabases. All 

location data were verified for positional accuracy and standardized to a common coordinate reference system to ensure 

consistency and accuracy in subsequent spatial analyses.  

The dataset subsequently underwent spatial data preparation following standard analytical procedures. First, duplicate 

point locations were identified and removed to prevent potential bias in spatial index calculations. Next, all spatial data 

were transformed into a single projected coordinate system appropriate for distance measurement and quantitative spatial 

analysis. Finally, an initial assessment of spatial distribution patterns was conducted through exploratory mapping to 

evaluate overall distribution characteristics and to prepare the dataset for subsequent analyses using the NNI and KDE. 

 

METHODS 

This study adopted a quantitative research design, integrating spatial analysis with spatial statistics to examine the 

spatial distribution patterns and density of tourism resources in Udon Thani Province, Thailand. The analysis focused on 

point-based spatial data and applied Exploratory Spatial Data Analysis (ESDA) to systematically identify clustering 

patterns of tourism resources and assess their spatial density within the study area. 

Spatial distribution patterns were examined using the NNI, which was used to determine whether the distribution of 

tourism resources exhibited clustered, random, or dispersed patterns (Yu et al., 2025). The NNI was calculated as the ratio 

between the observed mean nearest-neighbor distance and the expected mean distance under a random spatial distribution 

(Xu & Wang, 2021), as shown in Equation 1: 
 

𝑁𝑁𝐼 =  
𝑑𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑

𝑑𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
     (1) 

where: 

𝑑𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 =  the average distance between each point and its nearest neighbor 

𝑑𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 =  the expected mean distance assuming a random spatial distribution 

NNI values were interpreted as follows: NNI < 1 = clustered pattern, NNI ≈ 1 = random pattern, and NNI >  1 = 

dispersed pattern. Statistical significance was further assessed using Z-scores to determine whether the observed spatial 

pattern differed significantly from a random distribution. 

In this study, spatial statistical analysis using the Getis-Ord Gi* method was applied to examine the distribution of 

point-based spatial data in order to identify areas with statistically significant concentrations that are higher or lower 

than the surrounding average. This method is particularly suitable for cultural tourism analysis, especially when 

identifying cultural cores such as clusters of temples or historical heritage sites. The Getis -Ord Gi* analysis produces Z-

scores and p-values (Zikirya et al., 2024) which are used to identify Hot Spots, defined as areas with h igh concentrations 

of tourism activities or resources, and Cold Spots, defined as areas that remain underutilized (Zhao et al., 2023). 

The results of the Getis-Ord Gi* analysis were used to support the design of tourism routes, planning for the 

development of new tourism attractions, prioritization of areas for conservation, and evidence-based policy decision-

making. This approach is particularly relevant in areas characterized by strong and complex cultural dimensions, such as 

temple communities in historic urban areas or riverside zones that reflect traditional community livelihoods. The Getis -

Ord Gi* statistic is expressed as Equation 2. The arithmetic mean Xand the standard deviation S \ are defined in 

Equations 3 and 4 (Ord & Getis, 1995; Anselin et al., 2010; Yuan et al., 2025), respectively. 
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𝑆 =  √
∑ 𝑥𝑗

2𝑛
𝑗=1

𝑛
−  (𝑋)̅̅ ̅̅̅2    (4) 

where: 

𝑥𝑗  =  the attribute value of location 𝑗, such as the number of temples or density values; 

𝑤𝑖,𝑗  =  the spatial weight between locations 𝑖 and 𝑗, such as proximity;  𝑋̄   =   the mean of all attribute values; 

𝑆  =  the standard deviation of the attribute values;   𝑛  =    the total number of spatial points. Furthermore, 

spatial density analysis using KDE was applied to assess the spatial density of tourism resources by transforming point-

based data into a continuous density surface per unit area. This approach enables the identification of areas with varying 

levels of concentration of tourism resources (Pang et al., 2025). The general KDE function is expressed in Equation 5: 
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𝐾𝐷𝐸 (𝑋)  =  ∑ 𝐾 (
𝑑𝑖

ℎ
)𝑛

𝑖=1    (5) 

where: 

𝑑𝑖  =  the distance from the location of interest to point 𝑖, 
ℎ  =  the bandwidth parameter, which defines the spatial influence of each point; 𝐾  =    the kernel function 

The selection of the bandwidth parameter was determined based on the spatial distribution characteristics of the data 

and the scale of the study area in order to reflect density patterns that are appropriate for spatial and policy interpretation. 

 The results derived from the NNI and the KDE technique were synthesized to explain the spatial distribution patterns 

of tourism resources and to systematically classify density levels across the study area. These results provide an empirical 

basis to support spatial tourism development policies, the allocation of resources and infrastructure, and the redistribution 

of tourism activities toward emerging potential areas to reduce spatial concentration and promote sustainable tourism 

development at the provincial level. The analytical framework of this study is illustrated in Figure 2. 

 

 
 

Figure 2. The Conceptual Framework 

 

RESULTS AND DISCUSSION 

Spatial Distribution Analysis of Tourism Resources Using the Nearest Neighbor Index (NNI) 

The survey of tourism resources in Udon Thani Province identified a large number of tourism sites. From this dataset, 

60 tourism sites with high potential and strong attractiveness to visitors were selected and classified into eight categories. 

The distribution is summarized below: 

• Historical tourism sites: 4 sites 

• Cultural tourism sites: 2 sites 

• Community-based tourism sites: 5 sites 

• Market-based tourism sites: 6 sites 

• Memorial sites: 1 site 

• Museum-based tourism sites: 3 sites 

• Natural tourism sites: 10 sites 

• Religious tourism sites: 29 sites 

A spatial analysis of these tourism resources was then conducted using GIS and the NNI to assess whether their spatial 

distribution exhibited clustered, random, or dispersed patterns. The analysis produced a Nearest Neighbor Ratio (NNR) of 

1.568879, indicating a dispersed spatial pattern. The corresponding z-score was 8.499937, demonstrating a statistically 

significant deviation from a random distribution. In addition, the p-value was 0.000000, indicating a very high level of 

statistical significance and an extremely low probability that the observed pattern occurred by chance. These results 

indicate that tourism resources in Udon Thani Province are more widely spaced than would be expected under a random 

spatial distribution and that the observed dispersion is not the result of random variation. The spatial distribution pattern of 

tourism resources is illustrated in Figure 3, which presents the results of the Average Nearest Neighbor analysis. 
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Figure 3. Results of the Average Nearest Neighbor Analysis 

 

 
Figure 4. Hot Spot Map of Tourism Resources in Udon Thani 

 

Subsequently, tourism resources in Udon Thani Province were analyzed using the Optimized Hot Spot Analysis tool. 

The entire study area was divided into uniform square grids to facilitate statistical analysis using the Getis-Ord Gi* statistic 
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(Gi_Bin). This approach enabled the identification of spatial patterns of tourism resource concentration by classifying areas 

into different levels of statistical significance, including Cold Spots (low concentration), Not Significant Areas, and Hot 

Spots (high concentration). These categories were identified at confidence levels of 90%, 95%, and 99%, respectively. 

The results derived from the spatial analysis map indicate that the area identified as a hot spot at the highest 

confidence level (99%) is Mueang Udon Thani District, which functioned as the provincial center for economic 

activities, services, and transportation. This area exhibited a high density of tourism-related activities. Additional hot 

spots were identified in the northern part of the province near Nam Som District, which was characterized primaril y by 

nature-based tourism, and in the northeastern area, likely within Ban Dung District. A key attraction in this area was 

Kham Chanod, a site associated with belief-based and spiritual tourism linked to local reverence for the Naga, In Thai 

cultural belief, the Naga is a revered mythological serpent associated with sacred sites and water landscapes, 

contributing to the development of belief-based and spiritual tourism, which attracted a continuous flow of visitors.   

Hot spot areas were also observed along the boundary between Thung Fon and Nong Han Districts, where distinctive 

forms of cultural tourism were present, including Ban Chiang and the handicraft community of Ban Non Sa -at.  

These areas demonstrated strong potential for the development of community-based and ecotourism-oriented tourism 

activities that continued to attract visitors. The spatial distribution of these hot spot areas is illustrated in Figure 4.  

The identification of these areas as statistically significant clusters of tourism resources  provides a basis for 

delineating priority tourism development zones at the provincial level.  

This information can also be used as an empirical reference for the design of area-based tourism promotion policies, 

particularly for the development of new tourism routes that link surrounding areas with high-potential hot spots. 

 

Spatial Density Analysis of Tourism Resources Using Kernel Density Estimation (KDE) 

Spatial density analysis of tourism resources in Udon Thani Province was conducted using KDE. The results 

illustrate the spatial distribution of tourism resources across the province, with density values classified into five levels  

and visualized using a color gradient ranging from dark blue, indicating low density, to dark red, indicating high density.  

 

 
 

 

Figure 5. Spatial Density Analysis of Tourism Resources in Udon Thani 

 

The analysis revealed that the area with the highest concentration of tourism resources was Mueang Udon Thani  

District, which serves as the provincial core. This was followed by Thung Fon District, where the Ban Non Sa -at sedge 

weaving community is located, indicating strong potential for further development as a cultural tourism and creative 

economy destination. Nong Han District, situated southwest of Thung Fon, exhibited a comparable level of tourism 

density and represents an area with opportunities for linkage with Thung Fon in terms of transportation routes, cultural 
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connections, and community-based activities. Nong Han District is also recognized for its potential in agricultural and 

historical tourism. In addition, surrounding districts such as Kumphawapi, Prachaksinlapakhom, and Phen demonstrated 

moderate to high density levels, suggesting opportunities to extend and connect cultural tourism activities associated 

with local handicraft groups to adjacent areas. In contrast, peripheral districts, including Si That, Wang Sam Mo, and 

Kut Chap, exhibited relatively low tourism density. These areas may require additional support in terms of infrastructure 

development or creative tourism initiatives to enhance their long-term tourism potential. The spatial density patterns of 

tourism resources identified through KDE analysis are illustrated in Figure 5.  

 

DISCUSSION 

The spatial distribution analysis of tourism resources in Udon Thani Province using the NNI indicates that the 60 

identified tourism sites, classified into eight categories, exhibited a statistically significant dispersed pattern. The NNR of 

1.568879, together with a high z-score of 8.499937 and a p-value of 0.000000, confirms that the observed spatial 

arrangement of tourism resources significantly deviates from complete spatial randomness, following the standard 

interpretation of the Average Nearest Neighbor method (Zhang et al., 2022). Instead, this pattern reflects underlying 

structural factors, including physical geography, transportation networks, settlement patterns, and socio-cultural 

development across the province (Wang et al., 2022; Du et al., 2024). 

The dispersed spatial pattern observed in this study appears to be closely associated with the distinctive characteristics 

of Udon Thani Province, particularly the high proportion of religious and natural tourism sites. Religious tourism sites 

alone accounted for 29 of the 60 identified locations and were typically embedded within local communities distributed 

throughout the province rather than concentrated in a single urban core (Sae-Ngow et al., 2025). This finding contrasts with 

the spatial structure of highly commercialized urban tourism and is consistent with rural tourism frameworks, in which 

tourism resources are spatially dispersed and strongly anchored in place-based identities (Wang et al., 2023). 

However, when considered alongside the results of the Optimized Hot Spot Analysis using the Getis-Ord Gi* statistic, a 

more nuanced spatial pattern emerged (Kato, 2025). While the overall distribution of tourism resources was dispersed, 

statistically significant clusters of tourism activity were evident in specific locations. The most prominent hot spot, 

identified at the 99% confidence level, was located in Mueang Udon Thani District. This result underscores the district’s 

role as the provincial center for economic activity, transportation, and services, which facilitates the concentration of 

diverse tourism activities, including cultural attractions, museums, and commercial tourism (Xu et al., 2025). 

The spatial density analysis using KDE further complements the hot spot analysis by providing a continuous 

representation of tourism density rather than discrete cluster classifications (Li et al., 2024). The KDE results confirm that 

Mueang Udon Thani District had the highest concentration of tourism resources, while Thung Fon and Nong Han Districts 

exhibited secondary density levels. This pattern suggests a gradual outward expansion of tourism activities from the urban 

core to surrounding areas through cultural, community-based, and occupational tourism initiatives (Kun et al., 2025). 

Meanwhile, peripheral districts such as Si That, Wang Sam Mo, and Kut Chap displayed relatively low tourism density, 

revealing spatial imbalances in tourism development across the province. These disparities may be attributed to limitations 

in infrastructure, accessibility, or the absence of clearly differentiated tourism activities. From a policy perspective, the 

findings highlight opportunities to utilize areas with moderate tourism density as “linkage” or “buffer zones” between high-

density hot spots and lower-potential areas (Vanhuele & Vanneste, 2025). Such an approach could help distribute tourism 

benefits more evenly and reduce spatial concentration (Adamczyk & Wałdykowski, 2022). 

These results will have a significant impact on the area's tourism policy and growth. Provinc ial tourism plans should 

not exacerbate the already crowded urban core. Instead, they should focus on functional differentiation and spatial 

linkage. For instance, the Mueang Udon Thani District should be the main place for services, transportation, and 

coordination. Secondary districts like Thung Fon and Nong Han should be turned into cultural and community -based 

tourism corridors (UNWTO, 2018). Putting money into infrastructure that links different parts of the area, interpretive 

networks, and popular tourist attractions will help these secondary locations deal with more visitors and fix problems 

with space. The limitation of this study employs point-based tourist resource data and static spatial analyses, which do 

not incorporate temporal dynamics, visitor flows, or behavioral interconnections among venues.  

Future research may integrate mobility data, time-series analysis, or spatial econometric models to examine the 

temporal evolution of tourism activities and the influence of policy interventions on geographical diffusion processes 

(Worachairungreung et al., 2026). These kinds of changes would make spatial analysis much better at helping provincial 

governments make decisions about tourism based on real information. 

 

CONCLUSION 

This study identified a total of 60 tourism sites with development potential in Udon Thani Province, classified into 

eight categories, with religious tourism sites constituting the largest proportion. This pattern reflects the province’s 

strong cultural and belief-based tourism identity. Spatial distribution analysis using the Nearest Neighbor Index (NNI = 

1.5689, p < 0.001) revealed a statistically significant dispersed pattern of tourism resources, indicating that their spatial  

arrangement is not random but shaped by local spatial contexts and community settlement patterns. 

However, the Hot Spot Analysis using the Getis-Ord Gi* statistic demonstrated the presence of statistically 

significant clusters of tourism activities, particularly in Mueang Udon Thani District, as well as in se lected areas of Ban 

Dung and Nam Som Districts. These locations represent specialized tourism destinations with strong attraction potential . 
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Furthermore, the Kernel Density Estimation (KDE) results confirmed that Mueang Udon Thani District functioned as 

the primary tourism activity center of the province, while Thung Fon and Nong Han Districts exhibited potential as 

secondary areas for linking cultural and community-based tourism activities. 

A key implication of this study is that the findings provide a spatial evidence base to support the delineation of 

tourism development zones, the design of integrated tourism routes, and provincial-level tourism policy planning in 

Udon Thani Province. Policy efforts should prioritize the redistribution of tourism development toward secondary 

potential areas in order to promote spatial balance and long-term sustainability. 

Despite its contributions, this study has several limitations that should be considered when interpreting the results. 

The analysis relies on tourism resource data representing a specific time period and may not capture seasonal variations 

or newly emerging tourism sites. In addition, the results are sensitive to the definition of the study  area and parameter 

selection, particularly the bandwidth used in the KDE. The exploratory nature of the analysis also limits causal 

interpretation, as factors such as accessibility, infrastructure, and tourist behavior were not explicitly examined. 

Moreover, policy interpretations should be approached with caution, as areas with high tourism density may face 

carrying capacity constraints if not supported by appropriate management strategies.  
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