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Abstract— Winter months are about snow, and there is no greater benefit for people that live in polluted cities to spend some time on high mountains in fresh air and sun. Therefore, the economical developing of location that offers such winter recreational activities is very important. In this direction, this paper aims to use Geographic Information Systems (GIS) to improve the understanding of the relationship between the ski resorts and a user rating of satisfactory opinion through data analysis and digitalization. GIS is a powerful digitalization and analytical tool and most importantly, the users can access the platform from anywhere and anytime. As a case study, we have considered two major ski resorts in our country, as well as rating data for customer satisfaction scores. Furthermore, as a showcase, we have digitalized one ski resorts slope. The results of this research will provide a framework for future analysis and the development of ski tourism. In the future, we plan to advance this further improve the data analysis with other data and advance the decision-making process.
Keywords—Ski resorts, ski slopes, digitalization, point density
I. Introduction

Winter sports as part of the tourism industry, as well as other recreational activities, have been continuously increasing over the past decades. New ski resorts and ski slopes have been reconstructed to stay in touch with the demand in many areas of the world. Also, there are places where the existing ski resorts are trying to keep up with the increasing completion or simple, they want to offer new services to the clients.  Before, any ski resorts are built feasibility studies must identify the impact and the benefits of such buildings. In this direction, authors in [1], have constructed a model to first investigate the area, and then identify and build ski resorts. Then research studies like, [2], are conducted to investigate, the impact of the outdoor recreational ski activities and their relationship with the different species that are present in that environment, and, to keep up improving the economy of green tourism. Furthermore, researchers in [3], have assets the proposed ski areas take all three elements (biological, physical and landscape characteristics) of the sounding before the ski resorts are built and during its operation. Other studies [4], like ours, are more focused on the relationship between the consumers and the ski resorts services. They have done it by comparing a group of customers to pinpoint the possible differences in gender and age as well as the type of visitor and travelling companion. In another study [5], the researchers with a structured questionnaire and in-person interviews classified the periods and they were used to describe a visitor’s movement and performance within a day. As a conclusion of this analysis, the authors proposed a strategic tool for structuring decision making in tourism management. There is no doubt that these analyses will further improve the number of customers in ski resorts, as well as improve the ski resort services. In many of these studies, [1-4], GIS has been used as a tool to assets and analyze this part of the tourism industry. Furthermore, studies like [6], emphasize the relationship between marketing, efficient tourism planning and development research where GIS is a vital tool [7].

GIS is a software tool that has provided a framework for storing, analyzing, visualizing a vast amount of time-dependent data, as well as geo-referenced data. Geo-referenced data contain a geographical component, namely; the location of that event happened, and not only the features needed for the users. This software platform variety of practical tools for managing the data and geographical maps. Some of the most used GIS software is made by ArcGIS ESRI [8]. ArcGIS 10.6 contains several packages and each one plays a significant role in the map and data analysis. The most widely used packages for geo-referenced data handling and operations, map analytics and visualization is ArcMap package in collaboration with ArcCatalog which refers as a package for geo-referenced data accommodation and administration. Furthermore, the software is equipped with various tools, scripts, geoprocessing, interoperability, as well as geographical coordinate and projection manipulation and model building – ArcToolbox. ArcGIS also contains a tool for management and visualization 3D geo-referenced data. Using the tools provided in this software, the user can collect, manage and integrate a large amount of geo-referenced data, from different sources into one place. In such a way, the user, combined with the multi-platform option, can deep dive into the data, share knowledge discovery from data, give recommendations, present digitalized 2D and 3D maps and the these presented results can be in great interest for the decision makers. This makes GIS ideal for presenting the results to a wider audience.  

The structure of the paper is organized as follows: Section 2 presents the procedure of the digitalization Popova Sapka ski slopes and data analysis of the customer satisfaction rating for five ski resorts, while Section 3 concludes the paper and gives direction for future work.
II. Ski Slope Digitalization
A. Ski Resorts Information

Short information regarding the two ski resorts is given before the digitalization of the ski slopes of Popova Shapka is presented later in this section, followed with the ski resorts rating using user satisfactory scores and number of reviews. 

Popova Shapka is one of the oldest and largest ski centers and resorts in the Northwest part of our country, named after the nearby mountain pick. Built in 1947, this ski resort lies on the hills on one of the highest mountains Shar Planina. This ski resort resides on 1800 meter above sea level, and what is very typical for him is that has many sunny days and a lot of snow during the winter months, which makes it ideal for ecotourism and ski tournaments from the end of November till the middle of April. The ski center is very attractive place due to the ski slopes and high mountain picks, which many of them are above 2500 meters. For the guest and ski lovers, the ski resort has ski elevators and ski tracks more than 11 km in lengths with a capacity of 8000 skiers per hour. Popova Shapka ski resort is 65 km far from the capital city of Skopje.
The second ski resort that we considered in this project was Mavrovo, which is one the most beautiful high valleys on the mountain of Bistra, located on the west part of our country. Many of hotels and the ski resorts are located on 1240 meter above sea level, near the shores of the Lake Mavrovo, as a part of the National Park “Mavrovo”. Ski center “Zare Lazarevski” is one of the most attractive ski centers in Macedonia, with a variety of ski activities during the winter season. The entire region has a more different hotel with a variety of categories and is not 100 km from the capital city of Skopje. The visitors and the guest can spend their nights in the restaurants and bars fill with Macedonia traditional food. The length of the ski roads is around 10km, and all the ski slopes under the ski lift are lighted, so the skiers can enjoy skiing during the evening hours from 19 until 24 hours.
We begin the digitalization process with marking of the target lines in our case, the ski slopes. Since each map in ArcMap editor consists of several layers that are linked with the geographical location with a database, we need to create a geodatabase. The geodatabase consists of the geographical coordinates of the given object and the feature classes of that object. For our task at hand, each ski slope can be represented as lines on a geographical map. Therefore, we create a feature class with a line type of property in the geodatabase. Next, in the editor toolbox, we activate the editing process by selecting “Start Editing” and now we can draw the lines of the map. We can choose with what tool we draw on the map, using Create feature window. Using this tool, we add the rest of the future classes in the “Table of Content”. If we want to create connected ski slope that is more complex, we draw more objects and then join them all together into one using tools like “Merge”. It is important to keep in mind, that when drawing a more complex object, such connecting several lines, ArcGIS has a handy tool is “Snapping”, which allows the user more robust manipulation by connecting the lines and polygons drawn on the map. When we encounter overlapping on some of the layers, we used the “List by Drawing” tool in a table of content for a different schedule. The final map of Popova Shapka one ski slope case study is shown in Fig. 1. 
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Fig. 1. Popova Shapka ski slopes GIS digitalization map.

Next, the analysis of the customer satisfaction score begins with creating a geodatabase to easy manage the geoinformation data. We will use the same geodatabase from the previous part of the paperwork, done for the digitalization of the Popova Shapka ski slopes. Despite the availability of already made geodatabases for some ski resorts, hotels and restaurants in Mavrovo and Popova Shapka, we decided to create a new database. This is done with a simple reason, manipulating, experimenting and analyzing have more opportunities with finished geodatabases. 

As we have done it for the digitalization, here the first stage is the creation of the geodatabase, with custom name and features classes for the ski resorts as Points. The source of the data is from the official web site of each hotel, as well as User satisfactory score (rating) taken from the Google search page. This data is stored in Excel and then pre-processed into a geodatabase using a python script. Additional care is taken in this step when we are creating the type of feature classes that have the same coordinate and projection geographical system as the base map. Creating feature classes requires creating a table for each class. For some of the hotels and restaurants on the map, besides the geographical location as well as the user satisfaction rating, no additional information can be found, and no information is inputted in the geodatabase. After inserting the gathered data in the geodatabase, we have represented the information on a GIS map layer with the geographic map. For improving the look of the map points, we used the Symbology toolbox to change the color and size of the symbols for the ski resorts. We have also added the name of each ski resort using the Label option than through Labelling Properties we set the name of the ski resort as a label above every symbol and we changed the font and size of the labels appropriately.
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The next step is the interpolation analysis to create a continuous (or prediction) surface from sampled points (ski resorts) values, since measuring and thus visiting every location in our study area, especially in places that are difficult to access is usually hard and expensive. Instead, we have gathered data about the user satisfactory score in a dispersed manner and predicted values using methods for interpolation to all other locations. There are numerous ways to calculate the prediction values on the map. Two groups of statistical methods exist for this purpose: deterministic and geostatistical. The deterministic interpolation methods assign values to locations based on the measured value and using a mathematical formula calculates the values for the resulting surface. The geostatistical methods use autocorrelation to calculate the numerical connection between the measured points. However, the gathered data, cannot be used for geostatistical analysis, therefore we only can be used for deterministic interpolation. As a consequence, in this paperwork, we will use the inverse distance weighted (IDW) technique, presented in [9], in which output value for a cell is calculated using IDW. According to the researchers in [9], because this method uses weighted distance average, the average cannot be greater than the highest or less than the lowest input and that’s why it cannot create edges or basins if the value extremes have not already been sampled [9].

III. Interpolation Results
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The results from the interpolation analysis conducted on the guest satisfactory reviews score as well as the number of comments per hotel are presented in this section. 
Fig. 2. [image: image8.png]


 GIS analytical results for Mavrovo region hotels using user satisfactory rating for each hotel.

The first analysis is made for hotels in Mavrovo region, by taking the number of reviews for each hotel and the average satisfaction rating. Since the number of reviews per hotel is important entry, we correlated with the guest hotel review score in the following manner, shown with (1).
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The results from the analysis using only the user satisfactory rating score is given with Fig. 2. From the GIS map, we can note that most of the hotels have reviewed above 3.3, except for one hotel at the bottom of the map. Many of the hotels are having user satisfactory review score above 4, and one above 4.5. The second analysis conducted on ski resorts in Popova Shapka region (see Fig. 3), we can note that the hotel set on right side of the map has the highest rating as well as the hotels in the lower part of the map. The hotels with a rating lower than 4 are situated on the left side of the map.
Next, we conducted the second analysis, using the (1), to calculate the impact of the number of users’ satisfactory reviews on the rating itself. The GIS model for Mavrovo is given with Fig. 4, in which we can note that there is a different distribution now. 
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Fig. 3. GIS analytical results for Popova Shapka region hotels using user satisfactory rating for each hotel.

Many of the ski resorts placed on the bottom of the map have a low value of NR, while only one ski resorts gain a high number of reviews. The results regarding the Popova Shapka ski resorts, show us an almost completely different picture. Ski resorts that have a high guest satisfactory score, but a low number of reviews were ranked low on the map with green color, while the ski resorts with high guest satisfactory review and a high number of reviews are colored with white, and they are raked with high rank.  
Fig. 4. GIS analytical results for Mavrovo region hotels using (1) relating the reviews score and a number of reviews.

If we compare Fig. 3 and Fig. 5, we can note that the ski resorts on the right side of the map have completely changed status, been points on the map with the highest score, now with almost the lowest rank. However, there are also ski resorts that have a high guest satisfactory score which is based on a high number of reviews (Ski Resort at the bottom and the top of the map).
Fig. 5. GIS analytical results for Popova Shapka region hotels using (1) relating the reviews score and a number of reviews.
IV. Conclusion
In this paper, we show the process of building the geodatabase, present digitalization of the Popova Shapka ski slope and performed a relationship analysis between ski resort facilities in relationship with the customer review scores and number of reviews. This is very important, from every aspect of the development of ski tourism, to attract and manage tourists. But this is not the end of the story, this analysis can be used by the hotel managers too, to improve the ski facility and further analyze the completion and attract guests. By using the online publicly available reviews scores and the number of reviews from real visitors, we have shown that reviews score given by few numbers of guest cannot be taken as a strong indicator of goodness of the ski resort. How many reviews do we need to estimate the borderline? That is a plan for our future work, in which we plan to use a review score from other sites, like Booking.com or Tripadviser.com. Also, these sites offer guest satisfactory scores with different categories, which we give us more knowledge, how to manage the ski resort.
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