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Context 
The coastal regions of Veneto and Emilia Romagna in Northern Italy are key economic 
areas driven by the hospitality industry but are increasingly vulnerable to climate 
change.  

Rising sea levels, coastal erosion, storm surges, land subsidence, and urbanization 
threaten their stability. The sustainability of the hospitality sector depends on 
maintaining coastal environmental balance, with vulnerability reflected in natural and 
cultural dependence, physical exposure of infrastructure, and the economic impact on 
destination appeal. 

The Task 
Focus on the supply side by segmenting hotels using selected clustering variables that 
reflect the multidimensional aspects of coastal hospitality vulnerability with the key 
outcomes: 

• Derive a set of clustering variables (at least five and not more than eight) by using 
appropriate data extracting and cleaning methods.  

• Perform cluster analysis by using at least three di]erent clustering methods.  

• Interpret the analysis results and describe the characteristics of the clusters formed 

Data Preparation 
In this section, the following tasks were performed: 

Step 1: Data Sanity Checks 

A Data check have been conducted using summary statistics. 

 

Fig 1.1 Initial summary statistic. 

 



 

Changes done: 

• Data types were reclassified from VARCHAR to Double using SAS Proc (Fig 1.2) for 
numerical variables, with missing values (NA) converted to “.” (Fig 1.3) prior to the 
type conversion. 

• New columns were created to map the encoded data descriptions (Fig 1.4). 

Name Type 
(Before) 

Type (After) 

grond_z VARCHAR Double 
slr_median_rcp45_2030 VARCHAR Double 
height VARCHAR Double 
Rooms VARCHAR Double 
Price VARCHAR Double 
Ratings VARCHAR Double 
Fig 1.2 table of change 

 

 

Fig 1.3 SAS proc to replace NA to “.” 

 

 

Fig 1.4 SAS proc to create named column  



 

Step 2: Log10 Transformation for certain variables 

A Log 10 transformation have been performed on the variables below and this was done using 
SAS procedure: 

 

 

Fig 1.5 SAS procedure to create Log transformed columns  

 

Fig 1.6 post log transformation 

After replacing the NA values with “.” in Step 1, the summary statistics now display missing 
values. 

The base 10 log transformation helped reduce skewness, as shown in the bottom chart of 
Figure 1.7, which presents the distribution after transformation. 



 

Fig 1.7 variables distribution 

Step 3: Count for duplicates 

In this step, PROC SQL (Fig 1.9) was used to check for duplicate entries in the Name column 
(Fig 1.8). 

The results indicate a total of 514 duplicate rows. 

 

Fig 1.8 duplicated data 

 



 

Fig 1.9 SQL procedure to identify duplicated record 

Step 4: Removal of duplicated record 

Initially, the dataset contained 5030 rows, and after removing the duplicates, 4516 rows 
remained. 

This process was carried out using SAS Proc (Fig 1.10). 

 

Fig 1.10 SAS proc to remove identified duplicates 

Step 5: Removal of 99th and above percentile numerical data 

Data exceeding the 99th percentile were removed to eliminate extreme values, following a 
pessimistic approach (Fig 1.11). 

Column 99tt percentile (CutoW 
value) 

Price 1,309 
Rooms 161 
area 2,128 
height 21 
dist_sea 6,091 
dist_estuary 75,030 
dist_waterway 5,167 

Fig 1.11 99th percentile cut oW for data column 



 

Fig 1.12 SAS Proc to remove 99th percentile cut data 

STEP 6: Dropping missing value and set range limit 

Rows with missing values in selected columns were removed, while others were replaced as 
summarised. 

Certain columns were retained to preserve as much data as possible. 

Records falling outside the defined range were also excluded. 

After the cleaning process, the dataset was reduced to 2273 rows. 

Column Name Action done 
Price Drop missing data, data lesser 

than 45 were removed 
Rooms Drop missing data 
height Drop missing data 
Ratings Missing value replaced with 0 

Fig 1.13 Summary of data treatment 



 

Fig 1.14 SAS proc to further cleanup data 

 

Fig 1.15 Summary Statistic after action 

 

 

 

 

 



Variables Selection 
The selected variables are as below: 

Variables 
dist_sea 
area 
height 
Price 
encoded_Type 
encoded_access 
Rooms 

 

Insights and Findings 
All data analysis was performed in SAS Viya.  

Correlation Matrix 

Based on the selected variables, a correlation matrix has been used to check for any strong 
correlation > 0.8 to minimise of multi collinearity issue. None of the variables fall under the 
multicollinearity. 

 

Fig 2.1 Correlation Matrix 



Cluster Model 1: Kmeans clustering 

A K-means clustering analysis was conducted using the selected variables (Fig 2.2). 

Cluster observation was also carried out to determine the optimal number of clusters (Fig 
2.4). 

After identifying the ideal cluster range (6), the final clustering was executed in SAS Visual 
Explorer. 

Variables 
Price 
Room 
Area 
height 
dist_sea 

Fig 2.2 variable used for Kmeans clustering 

 

 

Fig 2.3 set up for CCC to identify ideal clustering number 



 

Fig 2.4 output of the analysis 

Cluster Observation 

Based on the ccc criteria, a cluster of 6 have been identified as the optimal number. 

 

Fig 2.5 Cluster Diagram 



 

Fig 2.6 Parallel Coordinates 

 

Fig 2.7 Cluster Summary 

Cluster 1:  

• Cluster 1 contains the largest number of observations at 727. 
• It has an RMS Std Dev of 0.43, indicating a tighter and more homogeneous cluster 

compared to the others. 
• The Within-Cluster SS is the highest at 135.9, primarily because of the large cluster size. 
• RMS Std Dev is at 0.43, the lowest among all clusters, indicating that the observations 

within this cluster are relatively tight and homogeneous. 
• The nearest neighbour to Cluster 1 is Cluster 6, with a centroid distance of 0.50, 

suggesting that both clusters may share similar profiles. 

Cluster 2:  

• The RMS Std Dev is 0.58, indicating that this cluster is more dispersed compared to the 
others. 

• The Within-Cluster SS is 131.9, the second highest after Cluster 1, despite having nearly 
half the number of observations (382). 



• This higher value is likely due to the presence of outliers/ positive skewness in area, 
Room, and Price (Fig 2.8).

 

Fig 2.8 Boxplot between area, Rooms and price 

 

• Although the nearest cluster to it is Cluster 1, the centroid distance is relatively high at 
0.94. 

• This diWerence is mainly attributed to variations in Rooms, height, and Price (Fig 2.9).

 
Fig 2.9 Boxplot between area, height and price 

 

Cluster 3:  

• The RMS Std Dev is 0.58, indicating that this cluster is only more dispersed compared to 
the others. Overall its still moderately tight. 



• The nearest neighbour to Cluster 3 is Cluster 5, but the centroid distance is relatively 
high at 0.94. 

• Cluster 3 is located farther from the sea and is characterized by larger area and taller 
height (Fig 2.10). 

• The main diWerences between Cluster 3 and Cluster 5 are primarily attributed to variations 
in height and number of rooms (Fig 2.10).

 
Fig 2.10 Parallel Coordinates Cluster 3 v 5 

 

Cluster 4:  

• Cluster 4 has the smallest number of observations at 163. 
• The RMS Std Dev is 0.54, indicating a moderately tight and homogeneous cluster 

compared to the others. 
• The nearest neighbour to Cluster 4 is Cluster 6, with a centroid distance of 0.59, 

suggesting that these two clusters may share similar profiles. 
• However, Cluster 4 shows higher prices than Cluster 6 (Fig 2.12), which may indicate that 

it represents higher-end or luxury accommodations located closer to the sea (Fig 2.11). 



 

Fig 2.11 Parallel Coordinates Cluster 4 v 6 

 

 

Fig 2.12 Boxplot of Price 

 

Cluster 5:  

• The nearest neighbour to Cluster 5 is Cluster 3, with a relatively large centroid distance of 
0.93. 

• Cluster 5 is mainly characterised by its proximity to the sea, smaller number of rooms, 
and generally lower prices. 



Cluster 6:  

• Cluster 6 has 502 observations, making it the second largest cluster after Cluster 1. 
• The nearest neighbour to Cluster 6 is Cluster 1, with a centroid distance of 0.50. 
• Both clusters share similar characteristics, with the main diWerence being Cluster 6 is 

located close to the sea (Fig 2.13). 

 

Fig 2.13 Boxplot of dist_sea 

 

Cluster Model 2: Hierarchical Clustering – Ward’s minimum distance 

• The hierarchical clustering are being using SAS procedure while taking some reference 
from task>Cluster Observation (Fig 3.1) and number of clusters selected is 3 (Fig 
3.2). 

• At 3 clusters, approx. 85% of the eigenvalues are explainable. 

 

Fig 3.1 SAS procedure 



 

Fig 3.2 Ward’s minimum results 

 

 

 

 

 

 

 

 

 

 

 

 



Observation 

 

Fig 3.3 Overall variable classification using clustering results 

 

Cluster 4 is the largest, followed by Cluster 3 and Cluster 7. 

CL3: 

• This cluster is located furthest from the sea compared to the others. 
• It has the highest median price among all clusters. 
• Most accommodations in this cluster do not have direct beach access. 
• Majority of properties are hotels and holiday rental homes. 

CL4: 

• This cluster is located very close to the sea, similar to Cluster 7. 
• It has the lowest median price among all clusters. 
• Most accommodations have either public or private beach access. 
• It also has the highest number of rooms compared to the other clusters. 
• The majority are hotels, with a small number of properties classified as bed and breakfast 

or holiday rental homes. 

CL7: 



• This cluster is located very close to the sea. 
• It generally has a slightly shorter median height compared to the other clusters. 
• Most accommodations have either public or no beach access. 
• The Majority of properties are hotels and holiday rental homes. 

 

Cluster 3: Hierarchical Clustering – Complete linkage (Maximum linkage) 

• The hierarchical clustering are being using SAS procedure while taking some reference 
from task>Cluster Observation (Fig 4.1) and number of clusters selected is 5 (Fig 
4.2). 

• At 5 clusters, approx. 100% of the eigenvalues are explainable. 

 

 

 

 

Fig 4.1 SAS procedure 



 

Fig 4.2 Maximum linkage results 

 

 

 

 

 

 

 



Observation 

 

Fig 4.3 Overall variable classification using clustering results 

 

Cluster 7 is the largest, followed by Cluster 8 and Cluster 6. 

CL10: 

• This cluster has the highest median distance from the sea and the highest median 
accommodation height. 

• It mainly consists of hotels, most of which have no beach access. 

CL5: 

• Cluster 5 consists mainly of holiday rental homes and hotels and likely contains luxury 
accommodations. 

• A small number of properties have private beach access. 
• It has a smaller median area compared to the other clusters, with the smallest 

accommodation area overall. 



• The median number of rooms is very low, typically between one and two. 
• The median height of the accommodations is also relatively lower than the other clusters. 
• This cluster has the highest median price and a wider interquartile range compared to 

the others. 

CL6: 

• Cluster 6 consists mainly of holiday rental homes. 
• Most accommodations do not have beach access, likely because the median distance 

from the sea is relatively far. 
• These properties have the largest area but a small number of rooms. 
• Prices are moderate compared to the other clusters. 

CL7: 

• Cluster 7 consists mainly of hotels. 
• Being close to the sea, most accommodations have public beach access, followed by 

private and no-access options. 
• It has the highest number of rooms, which is expected given the dominance of hotels. 
• In terms of price, this cluster ranks among the lowest. 

CL8: 

• Cluster 8 has a fairly balanced mix of hotels and holiday rental homes. 
• Most accommodations have no beach access, while the remaining are mainly those 

with public access. 
• The number of rooms is relatively low. 
• In terms of price, this cluster is among the more a]ordable compared to the others. 

 

 

 

 

 

 

 

 

 

 



Managerial Communication 
The data preparation and cleaning process helps to mitigate on the risk of erroneous data, but 
this does not warrant a complete accurate dataset.  

Several key actions were implemented to enhance data quality and analytical validity: 

1. Outlier and Duplication Management 

Duplicate records were identified and removed to prevent bias from repeated entries. 

During the review, some records shared the same name but had slight variations in 
other attributes. For this process, it was assumed that these duplicates represented 
the same entity and that minor diWerences (for example, small variations in latitude or 
longitude for “Hotel XYZ”) were negligible. 

2. Removal of NA variables and converting to proper data type 
Some of the variables are having “NA” values not captured in the summary statistics 
and this have been removed accordingly. 

3. Major missing data issue 
Several columns contain missing data, with some variables such as ratings showing a 
high number of missing values. To retain as much information as possible, only 
essential rows or columns with minimal missing data were removed. 

4. Removal of 99th and above percentile data 
Observations exceeding the 99th percentile were excluded under a conservative 
approach, mitigating the impact of extreme outliers on model accuracy and stability. 

Model Comparison: 

When comparing the diWerent clustering models used in this analysis, the Complete Linkage 
Hierarchical Clustering method produced clusters with the most distinct and clearly 
defined traits. 

In contrast, Ward’s Minimum Variance Hierarchical Clustering resulted in an optimal three-
cluster solution; however, the characteristics of these clusters were less distinct compared 
to those generated by the complete linkage method. 

The K-Means Clustering model appeared overly complex, with several overlapping clusters 
that were diWicult to distinguish visually. Nevertheless, interpretation can be improved by 
referring to the cluster summary information and using boxplot diagrams to illustrate 
diWerences in variable distributions across clusters. 

 

 

 



Additional Data & Deeper analysis: 

1. Further data segmentation before clustering: 

During the analysis, it was observed that some clusters contained a wide range of values for 
certain variables, particularly Price. This variation is probably due to the diWerent 
accommodation types with distinct price structures. Therefore, it is recommended to further 
segment the data into smaller, more homogeneous subsets before performing clustering. 
Such segmentation would help reduce the influence of extreme price diWerences and allow 
for more meaningful cluster formation. 

2. Inclusion of room occupancy rate: 

Although the dataset provides extensive information on available accommodations, it lacks 
visibility into their actual rental or occupancy rates. Including this variable would enhance the 
analysis by allowing the removal of inactive accommodations (e.g., those with zero 
occupancy) and enabling deeper investigation into how occupancy rate varies with other 
factors such as price, area, or location. Moreover, the occupancy rate could be analysed 
through a regression model to explore its relationship with other variables, providing further 
insights into accommodation performance. 
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