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Introduction

During this workshop, we will provide useful insights, R scripts, and 
ideas for analyzing the data contained in the EcoPop_ER database.



Data 
Structure

• Number of observations: 3,741,338

• Number of variables: 10 

• Long form



Key 
Features

• The dataset is structured by year and month, 
with data available at the municipal and 
provincial levels.

• The indicators include demographic data such 
as mortality (e.g., "Male deaths aged 65-74").

• Some values are missing for month 13, which 
represents the annual total.

• The dataset covers the Emilia-Romagna region, 
with territorial details down to individual 
municipalities.



Challenges in EcoPop_ER Database
The main challenge in using the EcoPop_ER database is the legislative changes that 
occurred between 2000 and 2024, modifying municipal boundaries.

• Some indicators refer to different time periods, leading to inconsistencies.

• The temporal references of indicators are not homogeneous.

• Before starting the analysis, it is necessary to align all indicators to a single, 
consistent territorial reference.



Evolution of Municipalities in Emilia-Romagna 
(2000-2024)



Legislative Changes and Municipal Mergers



Total Number of Municipalities Ever Existed



Metadata Document: Version 1.1 (25/10/2024)
New (only for workshop participants)

• The document "metadati_versione1.1_25102024_new.doc" is a revised

version of the metadata available on Zenodo.

• We have highlighted indicator names in different colors to distinguish

them based on their temporal coverage. 

• This color coding reflects the number of municipalities each indicator

refers to, ensuring clarity in data interpretation. 

This version provides a clearer structure for understanding the dataset’s

evolution over time.





Source Indicator group Period and number of municipality

Demo Istat Decessi maschi/femmine/totale
This group provides monthly data from 2004 to 2018, covering all 358 
municipalities that existed in Emilia-Romagna at any point during this period.Demo Istat Nati maschi/femmine/totale

Demo Istat Popolazione residente 
maschi/femmine/totale di x anni di età

This group covers 2000–2023 with a variable reference period:
2000–2001: 341 municipalities (those in Emilia-Romagna at the time).
2002–2019: 330 municipalities (current Emilia-Romagna boundaries).
2020–2021: 328 municipalities (boundaries as of those years).
2022–2023: 330 municipalities (current boundaries).
Municipal coverage changes over time based on administrative adjustments.

Demo Istat Decessi maschi/femmine tra i 65 e i 74 
anni/tra i 75 e gli 84 anni/con 85 anni e più

This group provides monthly data from 2011 to 2023. It covers 330 
municipalities, corresponding to Emilia-Romagna's current (2024) 
administrative boundaries.

Arpae 4 indicatori climatici

IstatData 1 indicatore composito di fragilità e 12 
indicatori semplici (per costruirlo)

ISTAT 27 indicatori territoriali e demografici

This group includes 363 municipalities, covering all that existed in Emilia-
Romagna at any point from 2008 to 2023.

Regione Emilia-Romagna 15 indicatori demografici

Regione Emilia-Romagna 9 indicatori relativi alla famiglia

ISTAT 15 indicatori demografici The data refers to 2018 and the 331 municipalities existing in Emilia-Romagna 
that year.

Note: The simplest analytical approach is to use the green indicators, as they are already constructed with 
boundaries consistent with the latest available year.



Pre-analysis Steps: Running Essential Scripts

Before starting any analysis, it is crucial to run the three scripts introduced in the first 
workshop to ensure data consistency:

1. Select Relevant Indicators (script_1)
Choose the specific indicators needed for the analysis to focus only on relevant data.

2. Adjust Indicators to Current Boundaries (script_2)
Align the selected indicators with the present-day municipal boundaries to maintain consistency 
over time.

3. Exclude Municipalities Transferred from Marche to Emilia-Romagna (script_3)
Remove these municipalities from the analysis since the database does not contain their data when 
they were part of Marche. This simplifies the analysis and avoids inconsistencies.

By following these steps, we ensure reliable and comparable results.



ZENODO
https://zenodo.org/records/13951348

script1_selezione_indicatori.R script2_ricondurre_ai_comuni_attuali.R

script3_comuni_marche.R

Main Analysis

Data Preparation Phase



Script_2: Applicability and Considerations

• Script_2 is designed to work with indicators based on count variables, such as 

population, deaths, births, etc.

• If you need to process average indicators (e.g., monthly average temperatures), 

you can also refer to Script_1.

•Just rember that instructions for handling average indicators are included in 
Script_1 within the comments (marked with #).

Always ensure you are using the correct approach for your dataset to maintain 

consistency in the analysis.



Population 
Description

Let's now look at some simple R 
scripts to visualize population 
trends in a single municipality, 
a provincial capital, or the 
remaining provincial area of the 
area you are studying.



script_Population_Trend_28022025.R

Load Required Packages
Imports dplyr for data 

manipulation and ggplot2 
for visualization.

Filter Data for Piacenza

Selects only records 
related to Piacenza 

province and the total 
resident population 

indicator.

Adds a new column (Tipo) 
to classify data into 

"Comune di Piacenza" 
and "Other 

municipalities".

Aggregate Data Groups data by year and 
territory type.

Calculates total 
population per group, 

removing missing values.

Create a Line Chart

Plots population trends 
over time, distinguishing 
between Piacenza city 

(blue) and other 
municipalities (red).

Uses lines and points for 
better readability.

Adds titles, axis labels, 
and a legend to enhance 

clarity.





Annual 
Mortality 
Rates 
Calculation

Expanding the Analysis

In addition to monthly death distributions, the script can be extended to 
compute annual mortality rates by:

Retrieving Total Deaths

• Modify the data selection step to include the annual total (Mese = 13).

• Sum the total deaths for each year.

Incorporating Population Data

• Use available population figures for each territorial unit.

Computing Mortality Rates

• Calculate the annual mortality rate as:

• Mortality Rate=Total Deaths in Year/Total Population×1,000

Comparing Trends

• Analyze mortality rate variations across years and geographic areas.



Seasonal 
mortality 
patterns



Script_1_Mortality by Season_28022025

1. Setting Up the Environment Libraries used: tidyverse Dataset loaded: 
dataset_versione1_25102024.txt

Dataset structure:
• str(dati), summary(dati), glimpse(dati) 2. Data Filtering

Province: Rimini Municipality: Rimini Years of interest: 2011, 2015, 2020 Exclusion of annual total (Mese != 
13)

Categories of interest:
• Male deaths aged 65-74 years
• Male deaths aged 85+ years

3. Calculation of Death Percentages
Percentage calculated by age group 
and year:
• Percentage = (Value / Total_Age_Group) * 100

4. Data Visualization

Line charts for each year (2011, 
2015, 2020)
• X-Axis: Month (abbreviations) / Y-Axis: 

Percentage of deaths / Color: Age group
• Chart elements:

• Lines for seasonal comparison
• Points to highlight data
• minimal theme with legend at the bottom



Script_1_Mortality by Season_28022025.R



Results

• Identification of possible 
seasonal mortality peaks -> 
winter mortality excess, COVID 
effect in March 2020 (?)

• Comparison between age 
groups and variations over the 
three years



Script_2_Mortality by Season_28022025.R
This R script analyzes the monthly distribution of deaths among elderly men in Piacenza and the rest of its province for 

the years 2011, 2015, and 2020.

1. Setup & Data Loading
• Sets the working directory and loads the tidyverse package.
• Reads the dataset from a .txt file and explores its structure (str(), summary(), glimpse()).

2. Data Filtering

• Province of Piacenza (excluding the city): Selects data for the province, excluding Piacenza.

• City of Piacenza: Selects data only for Piacenza.
• Both subsets include only the years 2011, 2015, and 2020, exclude annual totals (Mese != 13), and focus on two 
indicators:

• Male deaths aged 65-74

• Male deaths aged 85+

3. Percentage Calculation

• Defines a function to compute the monthly percentage of deaths relative to the annual total.

• Applies this function separately to the two subsets (province vs. city).

4. Visualization

• Generates two line charts:

• One for the province (excluding Piacenza).

• One for the city of Piacenza.

• Each chart shows the monthly percentage of deaths per indicator, with separate panels for each year.





Script_Spider_Graph_28022025.R



Refining the 
Analysis 
with Poisson 
Regression 
for 
Count Data

Explanatory variables (regressors) can include:

Month and Year Municipality
Average, Minimum, 

and Maximum 
Temperatures

Precipitation Levels

The Poisson model assumes the monthly death 
counts as the response variable.

Monthly death counts are count data, making them 
suitable for Poisson regression modeling.



Poisson 
Model in 
GLM 
Framework

• Poisson regression falls under the Generalized 
Linear Models (GLM) framework.

• Further refinement of the analysis can be 
achieved by evaluating alternative models:
• Negative Binomial Model (if overdispersion 

is detected)
• Quasi-Poisson Model (to adjust for 

overdispersion)
• Hurdle Model or Zero-Inflated Model (if 

excess zeros are present)



Script_Poisson_Modelling_28022025.R
Data Preparation & Filtering

• Dataset Loading:

Read the CSV data and inspect its structure.

• Filtering:

Select records for Bologna (years 2011–2023, excluding 2013).

• Indicator Selection:

Choose relevant variables such as:
• Monthly precipitation

• Maximum, mean, and minimum monthly temperatures

• Female deaths (ages 75–84)

• Data Merging:

Extract and merge the subsets for deaths and climate indicators using common keys (year, 

month, and territorial unit).



Script_Poisson_Modelling_28022025.R
Modeling & Visualization

• Poisson Regression:

Fit a model to predict the number of female deaths using time and climate variables.

• Results Extraction:

Calculate rate ratios (exponentiated coefficients), confidence intervals, and p-values.

• Visualization:

Use ggplot2 to create:
•A plot of rate ratios for the "Year" factor.

•A plot of rate ratios for the "Month" factor.

•A plot of rate ratios for the climate variables.





Rate Ratios (exp(β)) with 95% Confidence Intervals from the 
Poisson Model: Comparison by Year, Month, and Climatic Variables



Improving Seasonal Mortality Analysis

Enhancing the Study of Seasonality and Climate Impact
• Expanding Age Categories
• The current analysis focuses on two age groups: 65-74 and 85+.
• Including deaths in the 75-84 age group provides a more complete picture of 

mortality trends.

Gender Comparisons
• The script currently analyzes male mortality.
• Extending the analysis to female mortality allows for meaningful gender 

comparisons.



Rate Ratios (RR)
• A Rate Ratio (RR) in a Poisson regression is the exponentiated coefficient (exp(β)). It 

shows how the outcome (in this case, the number of deaths) changes for each unit 
increase in a predictor variable, or relative to a reference category (for factors like 
year or month).

• RR > 1 indicates a positive association: as the predictor increases (or compared to 
the reference category), the rate of deaths is higher.

• RR < 1 indicates a negative association: the rate of deaths is lower compared to the 
reference.

• Confidence intervals (CI) give a range of plausible values for the RR. If the interval 
crosses 1, it suggests that we cannot rule out no effect (i.e., the rate might not differ 
significantly from the reference or baseline).



Cluster 
Analysis for 
Identifying 
Population 
Vulnerabilities



Why Use Cluster Analysis?
• Identifies areas where the population is more exposed to climate risks

• Detects municipalities with high vulnerability factors (e.g., heatwaves, floods)

• Helps policymakers focus on the most at-risk communities

• Groups municipalities based on demographic, climatic, and environmental factors



Example: Heatwave Vulnerability Clusters

• Areas with higher elderly population

• Municipalities recording higher summer maximum temperatures

• Higher percentage of elderly residents

• Lower altitude municipalities (more prone to heat accumulation)



Example: 
Flood Risk 
Clusters

• Municipalities with higher hydrogeological risk

• Areas with high annual rainfall

• Socially fragile households (e.g., higher social 
fragility index, elderly residents)

• High proportion of elderly population in flood-
prone areas



Why a 
Cross-
Sectional 
Approach?

• Avoids complexity of dynamic trends

• Focus on a specific year rather than a full time 
series

• Allows a clearer interpretation of spatial 
patterns

• Recommended to select indicators from nearby 
years (e.g., around 2018)

• Accepts minor approximations when indicators 
do not match exactly the same year



Cluster 
Analysis 
with PCA

• Combining PCA with clustering improves 
interpretability

• PCA reduces dimensionality and removes 
redundancy

• Clustering groups municipalities based on key 
vulnerability indicators

• Useful for identifying policy-relevant territorial 
patterns



R Implementation: Key Packages

• Clustering Analysis: `cluster`, `factoextra`, `kmeans`, `hclust`

• PCA Analysis: `prcomp()`, `FactoMineR`



Policy Implications of Cluster Analysis

• Identifies high-risk areas for climate and social vulnerability

• Provides evidence-based recommendations for territorial planning

• Helps allocate resources efficiently to at-risk populations

• Supports the development of adaptive climate policies
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