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Abstract: 

Globally, mobile devices have become the most 

preferred technology platform being used by both 

enterprise users and consumers.  These devices are 

location aware and thus provide important data for 

spatial analysis.  

The ESRI ArcGIS Hotspot Analysis capability provides a 

powerful solution to use this data to make intelligent 

spatial statistical analysis and identify important 

trends and patterns that can be used for informed 

decision making.  

For the tourism industry, this kind of analysis helps to 

identify statistically significant spatial clusters of high 

and low count of mobile users like tourists visiting a 

particular study area. The Hotspot analysis helps to 

understand the spatial patterns that can assist in 

finding optimal locations where tourist promotion 

activities need to be initiated by the government 

authorities, making Hotspot analysis as a useful 

Decision Support Tool. 

Through this paper, the author highlights the concept 

of Hotspot Analysis. A hot spot analysis is carried out 

using the below five steps: 

 

Projecting the mobile position data  

a) Aggregate the tourist data collected from 

Telecom Provider 

b) Finding an appropriate scale for analysis  

c) Running Hotspot Analysis 

d) Hotspot Result Visualization 

 

Based on visualization provided using Hotspot 
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analysis, authorities can determine facilities that are 

available at these locations and thus plan and make 

decisions about initiatives to be taken to encourage 

more tourist visitors. Since "Hotspots" are statistically 

significant therefore the end visualization is less 

subjective and statistically distinguishes between 

areas of high occurrence versus areas of low 

occurrence. 

 

Besides Hotspot Analysis, Heat Map analysis is 

another spatial analysis that can be performed upon 

location dataset. Heat Map is created using 

HeatMapRenderers that creates a surface using a 

standard Gaussian blur algorithm for illustrating areas 

of tourist concentration within datasets, where point 

data is analyzed in order to create an interpolated 

surface showing the density of tourist occurrence. 

Darker the color higher the density. This is derived by 

assigning each raster cell a density value and 

visualizing the entire layer using a gradient.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
16

th
 Esri India User Conference 2015   

                                                                                                                 

Page 3 of 10 

Introduction  

Mobile devices have become a central part of our daily lives and are used by a variety of consumers for various 

activities including making phone calls, using internet, using apps etc. These mobile devices are also location 

aware and hence used by the mobile network operators to store data about the location and movement flows 

of these devices for technical and operational purposes. This data is then processed and aggregated with 

various time, spatial, behavior-specific and demographic information details. 

 

The outputs of mobile data analytics are useful to many different industries. Tourism Statistics is one of the 

areas where mobile positioning data can be effectively utilized. However, mobile data of users needs to be 

processed according to privacy standards and data protection legislation so that the confidentiality of 

subscribers is preserved. 

 

The data is collected through a regular mobile device and it does not require any pre-requisites such as mobile 

app etc, to be installed on the mobile device nor does it depend on any particular type of a device. This data is 

collected either when a subscriber is making a call or through multilateration of radio signals between 

(several) radio towers of the network and the phone, or simply via GPS. 

 

This methodology of data collection that has a national level coverage can be utilized by government agencies 

for long-term longitudinal analysis such as in flow of tourists to generate tourism statistics. The data provides 

comprehensive insights into the number of tourists, tourist destinations, visit durations, repeat visits, travel 

patterns and several other indicators. This data can be used to generate various types of tourist related 

statistics like –  

a) Number of unique Tourist callers vis-à-vis  Telecom provider 

b) Number of devices v/s local regions(districts/counties) on a particular date 

c) Region wise nationality count of Tourists 

d) Region wise unique Tourist callers by Telecom providers 

 

Also, based on geographical location of a tourist captured by Mobile Network Operators, Spatial Statistical 

Analysis can be carried out using ESRI ArcGIS Hotspot Analysis capability. This kind of analysis helps to identify 

statistically significant spatial clusters of high and low count of tourists visiting a particular study area (which 

could either be at local or regional level). Through this paper, the author highlights the use of mobile data 

analytics using the concept of Hotspot Analysis for Tourism planning.  

 

A Hotspot analysis helps to understand the spatial patterns in the dataset that can assist in finding optimal 

locations where tourist promotion activities need to be initiated by the government authorities  hence, making 

Hotspot analysis a useful Decision Support Tool. 

 

https://en.wikipedia.org/wiki/GPS
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What is Hotspot Analysis? 

 Hot Spot Analysis is a spatial cluster detection method which identifies statistically significant spatial 

concentrations of the high and of low values associated with a set of geographic features such as 

lat/long locations of tourists/visitors  

 Visitors location has to be in spatial vector data format of type point geometry which is a pre-requisite 

for Hotspot Analysis 

 Hotspots  are identified using ESRI ArcGIS Hotspot Analysis tool that uses Getis- Ord Gi* algorithm 

 The output from the Hot Spot Analysis tool is a Z score and p-value for each feature. These values 

represent the statistical significance of the spatial clustering of values, given the conceptualization of 

spatial relationships and the scale of analysis (distance parameter) 

 The Z score is based on the Randomization Null Hypothesis computation 

 

There are a number of concepts that are to be considered while performing Hotspot analysis and these 

concepts have certain variations that need to be analyzed vis-à-vis the data. Here, data is of utmost 

importance to make critical decisions. Following are the list of concepts that are to be followed and their 

variations to be closely analyzed to make appropriate decisions. 

 

Data Considerations - Hotspot Analysis 

 Visitors location data is in spatial vector data format and doesn’t store null values 

 Dataset should have a weight field which is also known as analysis field 

 The dataset is required to be re-projected to projected coordinate system (which is the output 

coordinate system) prior to analysis, so values entered for the Distance Band/Threshold Distance 

parameter should match those specified in the output coordinate system. All mathematical 

computations are based on the output coordinate system spatial reference 

 

Other Considerations  - Hotspot Analysis 

1. Which Spatial Relationship to use? 

There are a number of options available. Some of the Spatial Relationship options are available with 

the Hot Spot Analysis tool directly; while others are only available when we create a Spatial Weights 

matrix file to represent those relationships ahead of time generated using Spatial Weights matrix tool 

which has been used for creating aggregation in case of tourist locations. 

 

 The inverse distance methods are most appropriate with continuous data or to model processes 

where two close features are in space, the more they interact the more they influence each other. 

For performing Hotspot analysis on tourist data, this option has been overlooked as the results 

tend to get very isolated, tight, with small hot spots, which typically is not what we are looking for. 
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 Then there is fixed distance method which works well for polygon data where there is large 

variation in polygon size. Fixed distance is also recommended for point data when running Hot 

Spot Analysis. This is the default spatial relationship which we have selected for performing our 

analysis. 

 The Zone of Indifference conceptualization works well when fixed distance is appropriate, but 

imposing sharp boundaries on neighborhood relationships is not an accurate representation of our 

data. 

 The K Nearest Neighbors option is effective when we want to ensure that we have a minimum 

number of neighbors for our analysis. When fixing the scale of analysis is less important than fixing 

the number of neighbors. 

 Delaunay Triangulation is another option to construct natural neighbors for a set of features. This 

method is a good option if our data includes island polygons (isolated polygons that do not share 

any boundaries with other polygons). Delaunay Triangulation ensures every feature has at least 

one neighbor, and uses the distribution of the data itself to determine how many neighbors each 

feature gets. 

 

2. What are the options to generate Analysis/Weight Field? 

The hot spot analysis tool helps to make assessment whether high or low values of tourist count at a 

location cluster spatially. The field that contains those values is the Analysis Field. For point incident 

data, we need to aggregate the data prior to analysis. There are several ways to do this – 

 Perform Spatial Join to count the number of events in each block or polygon in our study area. The 

resultant field containing the number of events in each polygon becomes the Analysis Field. 

 Using Create Fishnet tool to construct a polygon grid over tourist point features. Then doing 

Spatial Join to count the number of events falling within each grid polygon. Remove any grid 

polygons that fall outside of study area.  Grid polygons where there are zero number of events, 

increase the polygon grid size if appropriate, or remove those zero count grid polygons prior to 

analysis. 

 Alternatively, if there are number of coincident points or points within a short distance of one 

another; snap features within a specified distance from each other together and create a new 

feature class containing a point at each unique location with an associated count attribute to 

indicate the number of events/snapped points. Use the resultant ICOUNT field as Analysis Field 

 

3. Deciding upon the Scale of Analysis 

The recommended (and thus the default) spatial relationships for the Hot Spot Analysis tool are fixed 

distance. Using inverse distance (or inverse distance squared) results is a very local hot spot, and 

therefore, not an obvious choice.  
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In Fixed distance band method, all features within “x” distance of a feature are its neighbors; features 

farther away are not. With zone of indifference all features within "x" are neighbors; features father 

away are still neighbors but they have increasingly diminished influence (as distance increases). In 

both cases, supplying a distance value (“x”) is mandatory. 

 

Following are the guidelines that were considered for making a choice for scale of analysis – 

 Choose a distance based on geographic extent of the spatial process causing clustering. Often this 

may not be known, but if we DO know this, we should use it (suppose we know that the average 

tourist destination distance in a city is 5km; we should use 5km for our distance band when 

analyzing distance-to-tourist destinations data). 

 Use a distance band that is large enough to ensure that all features will have at LEAST one 

neighbor. Especially if the input data is skewed (does not create a nice bell curve when we plot the 

values as a histogram) we need to make sure that the distance band is neither too small (most 

features have only one or two neighbors) nor too large (several features include all other features 

as neighbors) because that makes the Z Scores less reliable. The Z Scores are very reliable (even 

with skewed data) as long as the distance band is large enough to get several neighbors (8-ish) for 

each feature.  

 Use a distance band that reflects maximum spatial autocorrelation. Since clustering is an evidence 

that some underlying spatial process is at work. The distance band that exhibits maximum 

clustering is the distance where that spatial process is most "active" or pronounced. Run the 

Spatial Autocorrelation Tool at multiple distances (like 0.5, 1.0, 1.5, etc km) and note where the 

resulting Z Score seems to peak. 

a) Every peak represents a distance where the processes promoting spatial clustering are 

pronounced. Multiple peaks are common. Generally peaks associated with smaller distances 

are of greater interest. 

b) An inconspicuous peak means probably lots of different spatial processes are operating at a 

variety of spatial scales. Probably we need to look for other criteria to determine which fixed 

distance to use for analysis. 

c) If the Z score never peaks and if we are using aggregated data, it usually means that the 

aggregation is too coarse. The spatial processes of interest are operating at a scale that is 

smaller than our aggregation. 

 

While doing the analysis we need to understand that there is no one correct distance band. Rather 

than focusing on one distance band, we need to look at a hotspot tool as an effective way to EXPLORE 

spatial relationships at multiple spatial scales and think about how we can change the scale (distance 

band) to see the difference in pattern and selecting the one which makes sense. 
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Methodology for Hotspot Analysis of Tourist Locations 

 

Based on the considerations discussed above, Hotspot Analysis has to be carried out using following 5 steps:  

 

a) Projecting the mobile position data -  Lat-long location of visitors location data needs to be re-

projected from Geographic Coordinate System (DD, DMS)  to Projected Coordinate System (so that 

unit of measurement is KM, Meter, Feet etc). This is essential whenever distance is the focal point of 

analysis, which is mostly the case when we are doing a spatial statistical analysis. Also, it is important 

to choose a projection that preserves either distance or area preferably. 

 

b) Aggregate the tourist data collected from Telecom Provider - Hot spot analysis does the assessment 

whether high or low values of tourist data cluster spatially. For this we need to aggregate the tourist 

location data prior to analysis. ESRI ArcGIS provides 3 aggregation schemes as discussed above - 

i) COUNT_INCIDENTS_WITHIN_FISHNET_POLYGONS 

ii) COUNT_INCIDENTS_WITHIN_AGGREGATION_POLYGONS 

iii) SNAP_NEARBY_INCIDENTS_TO_CREATE_WEIGHTED_POINTS 

 

This is analysis, we applied “SNAP_NEARBY_INCIDENTS_TO_CREATE_WEIGHTED_POINTS” scheme, 

since based on tourists’ area of interest we are bound to find a number of coincident tourist points or 

tourist points within short distance from each other, using Integrate with Collect event tools we can – 

i) Snap features within a specified distance of each other together, 

ii) Create a new feature class containing a point at each unique location with an associated count 

attribute to indicate the number of events/snapped points. Use the resultant ICOUNT field as 

Input Field for analysis. 

 
   Fig 1: Aggregation of Tourist lat-long location 
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c) Identifying appropriate Scale of Analysis - Since we aren’t sure about the precise distance for analysis 

therefore an Incremental Spatial Autocorrelation tool option was selected to find a distance band 

that reflects maximum spatial autocorrelation. Since the spatial clustering is the result of 

underlying spatial processes at work therefore keeping the thumb rule in mind, “The distance 

band that exhibits maximum clustering, as measured by the Incremental Spatial Autocorrelation 

tool, is the distance where those spatial processes are most active, or most pronounced”, we run 

the Incremental Spatial Autocorrelation tool and note where the resulting z-scores seem to peak. 

This tool runs Spatial Autocorrelation at increasing distances and creates a graph of the z-scores 

at each distance. 

 

What’s important is to choose the distance that best reflects the questions that we are asking. If we 

are looking for hot spots at the local, neighborhood scale then the first peak with the smallest distance 

may be appropriate. If we are looking for hot spots at a regional scale then a peak with a larger 

distance may better reflect our question. 

 
Fig 1: Spatial Autocorrelation by Distance 

 

d) Running Hotspot Analysis -  Once the scale for analysis is identified, we are ready to run the hotspot 

tool, for this we select Getis-Ord Gi* option along with spatial relationship which is the default Fixed 

Distance Band. Fixed Distance Band uses a critical distance to decide what neighbors to include for 

hot/cold spot. Because that distance is fixed, it means that the scale of analysis will not change (it will 



 
 
 
 
 
16

th
 Esri India User Conference 2015   

                                                                                                                 

Page 9 of 10 

be consistent across the study area) and keeping the distance method as Euclidean Distance. The 

result of the Hot Spot Analysis tool is a new feature class where every feature in the dataset is 

symbolized based on whether it is part of a statistically significant hot spot, a statistically significant 

cold spot, or is not part of any statistically significant cluster. The red areas are Hotspots or areas 

where high numbers of tourist coordinates are surrounded by other areas with high numbers of 

tourist coordinates. The blue areas are Coldspots, or areas where low numbers of tourist coordinates 

are surrounded by other areas with low numbers of tourist coordinates. The beige areas are not part 

of statistically significant clusters. Statistical significance is based on p-values and z-scores that are 

calculated when we run Hot Spot Analysis. In order to make the results of analysis more approachable 

to a broader audience, we create a continuous surface to visualize the results. 

 

e) Hotspot result visualization - While as an analyst we understand that each location has a particular z-

score and a particular p-value that determine the symbology and can guide in decision-making, 

however to share this with a broader audience we need create a continuous surface just like 

heatmaps so that it can be easily interpreted. 

 
Fig2: Hotspot Visualization 

 

We used IDW (Spatial Analyst) tool to create interpolated surface for visualizing the result of hotspot 

analysis. This tool interpolates a raster surface from points using an inverse distance weighted 

technique. 
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Heat Map Analysis 

Besides Hotspot Analysis, Heat Map analysis is another spatial analysis that is performed upon the 

tourist location dataset. Heat Map is created using HeatMapRenderers that creates a surface using a 

standard Gaussian blur algorithm for illustrating areas of tourist concentration within datasets, where 

point data is analyzed in order to create an interpolated surface showing the density of tourist 

occurrence. The darker the color, the higher the density which is derived by assigning each raster cell a 

density value and visualizing the entire layer using a gradient. Unlike Hotspot which is based on 

statistics generated from maximum clustering for a distance band, HeatMaps produce graphical 

representation of data based on point density. 

 

Conclusion 

Basis visualization attained by running a Hotspot analysis, authorities can determine facilities that are 

available at these locations and make decisions regarding what initiatives need to be taken to attract 

more tourist visits. The recommendations obviously will be based upon results of the analysis. Since 

"Hotspots" are statistically significant therefore the end visualization is less subjective and statistically 

distinguishes between areas of high occurrence versus areas of low occurrence. 
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