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 Exploring and forecasting income 

disparities across Irish counties: A 

comprehensive socioeconomic research 
 

Rohit Puranik  

x22165967  
 

 

Abstract 

 
Income inequality between urban and rural populations and among the various 

counties of Ireland constitutes a significant social and economic challenge for both 

society and policymakers. This research seeks to quantify and analyze these disparities 
within urban and rural counties of Ireland, utilizing two socioeconomic factors: 

Disposable Income per Person and Disposable Income per Person (excluding Rent). 

Drawing upon data from the Central Statistics Office of Ireland, this research aims to 
offer a comprehensive understanding of the extent and nature of income inequalities 

among the counties of Ireland. 

 

Within the context of Ireland's historical and economic background, this research 
delves into the urban and rural classification of counties. The project underscores the 

global concern of income inequality and highlights a research gap specific to Ireland. To 

address this issue, visualization tools like Power BI and Python visualization libraries are 
employed. Additionally, forecasting time series machine learning models are utilized to 

predict future income disparities among the counties in the region. Throughout this 

research, there is also a focus on the impact of the Potato Famine (1845-1852). 

 
To ascertain the significance of changes in income disparity, statistical tools such as 

the Lorenz Curve and Gini Coefficient are implemented. These tools are further 

validated through statistical tests such as t-tests and Wilcoxon rank-sum tests.The 
overarching goal of this research is to provide valuable insights for policymakers, 

contributing to the establishment of a more equitable society and fostering a sustainable 

Irish economy. 
 

Keywords— Irish Economy, Income Disparity, Urban & Rural Counties, Forecasting Disparity, 
Potato Famine 
 
 

1 Introduction 

1.1 Background and Motivation 

Income inequality is a major problem in society because of the damage it does to social 

dynamics and the economy. This disparity is especially noticeable between rural and urban 

areas, and it varies greatly throughout counties, making it difficult for politicians and the 

general public to address the issue. In order to foster a future that is more equal and 

sustainable, it is essential to address these inequities. This Research investigates income 
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disparity in Ireland in depth, first looking at how it varies across all counties and then 

differentiating between rural and urban regions.  

'The Penal Laws' and the tragic Great Famine of the nineteenth century are just two of the 

defining moments in Ireland's troubled past. The island nation is located at the very point of 

the European landmass. A lengthy history of inequality has its roots in these events, which 

were marked by severe limitations and pervasive poverty. The Anglo-Irish War (1919–1921) 

and the subsequent creation of an independent Irish state were the climaxes of the nineteenth-

century rise of Irish patriotism. After Ireland's 1973 accession to the European Economic 

Zone, the country's healthcare and infrastructure were among the best in the world, thanks to 

the EU's push for economic growth.  

Significant changes in socioeconomic aspects have been spurred by recent obstacles, such as 

a high cost of living and the impact of the COVID-19 epidemic, despite Ireland's booming 

economy and active EU participation. For this reason, indicators like income inequality must 

be central to any comprehensive social assessment of the economy. Societal dynamics and 

economic stability are both impacted by income disparity. The increasing wealth gap between 

rural and urban areas, as well as across counties, is a serious social and economic problem for 

both society and policymakers.  

If we want to build a future that is more just and sustainable, we must eliminate these 

inequities. The income gap in Ireland is the subject of this research, which starts by looking at 

the situation in every county before comparing and contrasting the wealth of rural and urban 

regions. Scott (2017) lays up a framework for classifying Ireland's counties as either urban or 

rural as per below. 

 

Classification of Rural and Urban Counties in Ireland: 

There is a high concentration of information technology occupations in the huge metropolitan 

region of Co. Dublin, which includes Ireland's capital city. A small number of software and 

information technology companies call the second-largest county in southern Ireland, the city 

of Cork. Co. Galway is an important western urban centre, a major city, and a university hub. 

Due to its lack of proximity to any seaports, the Mid-Ireland city of Limerick is considered 

landlocked. Due to its stunning history and beautiful shoreline, a historic city in County 

Waterford is well-known as a tourist attraction. The following counties are not part of the 

metropolitan areas but are considered rural or agricultural areas: Carlow, Cavan, Clare, 

Donegal, Kerry, Kildare, Kilkenny, Laois, Leitrim, Longford, Louth, Mayo, Wexford, Meath, 

Monaghan, Offaly, Roscommon, Sligo, Tipperary, Westmeath, and Wicklow. 

Research has looked at a quantifiable criteria such as 'Disposable Income per Person 

(excluding Rent),' 'Disposable Income per Person for each county in Ireland, according to the 

Central Statistics Office. In order to answer the Research question, these data points will be 

used. 

In addition to that this research also forecast Income & population for next 10 years till 2033 

for all the counties of Ireland which would further help policy makers to foresee future. 
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1.2 Research Question 

The primary objective of this research is to provide a nuanced understanding of the extent 

and nature of income disparities among the counties of Ireland and forecasting the same for 

next 10 years till 2033 therefore specific research questions are included: 

 

RQ: Is income in-equality present between the various counties of Ireland and is income 

evenly distributed between the rural & urban population of Ireland considering the socio 

economic factors such as Disposable Income per person & Disposable Income per Person 

excluding rent and where this trend would go in next 10 years? 

 

Sub RQ: Which time series forecasting machine learning model among LSTM, ARIMA Model 

Grid Search and Forecasting & ARIMA Model Forecasting with Fixed Parameters performs 

well for forecasting population for various counties of Ireland? 

 

Sub RQ: What would be the population & disposable income per person for all the counties 

in Ireland for next 10 years till 2033? 

 

Sub RQ: What is the impact of historical events, such as the Potato Famine (1845-1852) is 

influencing the present-day population forecasting models for Ireland? 

 

1.3 Research Objective 

This study makes a contribution, to the existing socio literature by addressing a significant 

research gap related to income inequality in Ireland. By utilizing visualization tools like 

Power BI and Python visualization libraries, along with machine learning models for time 

series forecasting this research provides an understanding of income disparities both in the 

present and over the next decade. Additionally incorporating events such as the Potato 

Famine adds an aspect to the analysis enhancing our knowledge of its long term impact on 

population distribution. 

 

The following sections of this report will explore Irelands economic background outline how 

counties are classified as urban or rural and elaborate on the methodologies used for data 

analysis. Detailed discussions will be provided on visualization tools and machine learning 

models with emphasis on predicting income and population trends for all counties in Ireland 

over the ten years till 2033. These predictions will play a role in identifying disparities 

between rural & metro counties. The findings will be validated through tools, like the Lorenz 

Curve, Gini Coefficient well as hypothesis testing using t tests and Wilcoxon rank sum tests. 

 

In summary this research aims to provide policymakers with insights that can contribute to 

creating an equitable society and fostering sustainable economic development in Ireland. In 

addition to that in the below table are the objective which this research would achieve 
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Sr. Description 

1 
Critical review of literature on the previous studies on Income disparity for various 

geography and how it was measured 

2 

Find the best Time series model among LSTM, ARIMA Model Grid Search and 

Forecasting & ARIMA Model Forecasting with Fixed Parameters for forecasting 

Income & Population of Ireland 

3 
Checking the impact of Potato famine on machine learning models for forecasting 

population of Ireland 

4 
Implementation of Time series model determined in #2 for forecasting Income for all 

26 Counties of Ireland for next 10 years 

5 
Implementation of Time series model determined in #2 for forecasting Population for 

all 26 Counties of Ireland for next 10 years 

6 
Checking the income inequality among all the counties of Ireland starting 2000 till 

2022 and where it will go by 2033 

6.a Considering Population of each county & Disposable income 

6.b Considering Population of each county & Disposable income excluding Rent 

6.c 
Without considering Population for the counties just by the  Disposable income per 

person 

6.d 
Without considering Population for the counties just by the  Disposable income 

excluding Rent 

7 
Checking the income inequality among rural and the urban population of Ireland 

starting 2000  till 2022  and where it will go by 2033 

8 
Statistically verifying if the change calculated in #6 & #7 which are observed from  

2000  till 2022 and  where it will go by 2033 are statically significant or not 

Table (1) Research Objective 
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2 Related Work 
Nowadays people, around the world are deeply concerned about income inequality. This has 

sparked a deal of interest among researchers who want to understand how factors like 

population, education levels and income disparities are interconnected in regions and ethnic 

groups. Several studies have been conducted to compare aspects. 

 

Many studies had focused on the issues of growth and income inequalities in countries like 

Brazil, Russia, India and China (commonly known as the B.R.I.C. Countries). Moreover 

recent research has also been carried out to investigate and identify irregularities in income 

distribution within Ukraine. 

 

What surprises many is that despite the attention given to income inequality in nations there 

seems to be a lack of research specifically addressing this topic in Ireland. The absence of 

investigation emphasizes the need for a study called "Income Disparities in the Urban and 

Rural Population of Ireland." This study holds importance given the economic impact of 

socio-economic factors. To bridge this gap our research paper will employ tools such as the 

Lorenz Curve, Gini Coefficient and ARIMA models. These tools will facilitate forecasting 

trends in disparity while analysing data points which are then proven by statistical tests. 

 

Analytical tools serve as resources, for presenting information logically. These measures can 

offer insights, to government policymakers helping them gain an understanding of the income 

gaps between rural areas in Ireland. This knowledge will contribute to the development of an 

sustainable society as well as a thriving economy. 

 

Extensive research has been conducted by scholars and experts in the field on income 

inequality. Numerous studies have been undertaken to comprehend the causes, consequences 

and potential solutions to this issue. The primary focus of these research endeavours is to 

shed light on the distribution of income among individuals and various groups across regions 

and countries. 

 

Researchers from around the world have dedicated years to studying income inequality. They 

have conducted studies aiming to explore the link between education levels and disparities in 

income or expenditure. This research seeks to identify inequalities and income disparities 

within regions or ethnic groups. A notable study conducted by Das Gupta and Das (2014) 

focused on analysing and comparing B.R.I.C countries in terms of growth and income 

inequality. Their research examined factors such as government role and corruption, within 

these nations. 

In a study conducted by Headey (2021) it was found that major developed economies, like 

the United Kingdom, Sweden and the United States have expressed concerns regarding 

income inequality (Alford, Reilly, & United States, 2012). 

 

The Ukrainian economy has faced challenges due to war resulting in an economically 

unstable situation. Recent studies have also shown that the ongoing pandemic has further 
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contributed to irregularities in income distribution among the population (Pashchenko and 

Zharikova 2021). 

 

To accurately measure and address this issue researchers in Malaysia utilized the A ARDL 

testing approach (Goh et al., 2023). This approach incorporates the Gini coefficient to 

examine "Income Inequality, Income Growth and Government Redistribution in Malaysia; 

What Do We Know in the Long Run?". 

 

However there is currently a lack of research conducted in Ireland to determine if there are 

any income disparities between rural households. Thus it is crucial to conduct a study on this 

topic during times of inflation. The objective is to identify any income disparities, within 

Irelands rural populations. Several scholars and institutions have conducted research, on 

income inequality in Ireland. Their studies aim to gain insights into the extent of income 

disparity and its impact on groups. These researchers have explored factors, including 

education, occupation, gender and regional differences to uncover the causes of income 

disparities in Ireland. By analysing data from surveys, censuses and other sources  

 

Recently a comprehensive research study carried out by Maynooth University has focused on 

analysing the distribution of household incomes in Ireland. This study specifically examines 

the aspect of income inequality. Provides valuable insights into this crucial indicator. The 

research conducted by Walsh in 2023 sheds light on how social and economic changes have 

unfolded across regions of Ireland over the few decades. The findings indicate that there has 

been a decrease in income inequality between rural households. However it is important to 

note that this study relies on the parameter of 'median household income' from the CSO 

(Connolly, 2023) dataset. 

Nevertheless it is worth mentioning that certain parameters such as 'Compensation and 

wages' 'Disposable Income per Person (excluding Rent)' and 'Disposable Income per Person' 

available, in the RAA02 dataset published by CSO (Connolly, 2023) were not considered 

during this analysis. 

Furthermore there was no analysis conducted by Walsh (2023) utilizing the Lorenz Curve 

and Gini Coefficient. Was any qualitative analysis performed? Additionally the consideration 

of ARIMA (Autoregressive Integrated Moving Average) and SARIMA (Seasonal 

Autoregressive Integrated Moving Average) forecasting models was absent, in the study 

conducted by Goh et al. (2023). 

 

This research paper aims to delve into factors specifically focusing on the calculation of the 

Lorenz Curve and Gini Coefficient. Moreover it will explore the utilization of ARIMA 

models to analyze income disparity between rural counties in Ireland. 

 

In this topic we will be discussing the evaluation of income disparity using two measures. 

The Lorenz Curve and the Gini Coefficient. These measures are widely used to analyze and 

comprehend income distribution within a population. 
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The Lorenz curve, which illustrates how income or wealth is distributed among a population 

held prominence in economics until the 1950s. It gained popularity as a concept frequently 

discussed within this field (Paglin, 1975 p. 598). As an approach utilizing the Gini coefficient 

has become increasingly popular, for assessing income inequality within populations or 

datasets. 

The scale ranges from '0', to '1' where '0' signifies equality. It's like a world where everyone 

has an income. Conversely '1' represents inequality, where all the income is concentrated in 

one person or group. This is sometimes referred to as a scenario where a country's rich but 

with individuals (Muga, 2015). Gastwirth (1972 p. 306) argues that a significant portion of 

income inequality can be attributed to the Lorenz curve. 

 

However due to its nature the Gini Coefficient has proven advantageous than the Lorenz 

Curve for calculating income inequality. It is widely recognized as the measure of inequality 

(Morgan, 1962 p. 270). Therefore we will utilize the Gini Coefficient to assess and compare 

income disparities between rural populations in counties across Ireland. 

 

Analysing and understanding how the Gini coefficient varies across counties, in Ireland is an 

area of interest. 

To examine the factors that contribute to inequality, in rural areas we can consider 

parameters. For instance a study titled "EDUCATION IN INCOME INEQUALITY IN 

BANGLADESH" (Mahmud and Akita 2018) utilizes Gini Coefficients to calculate income 

inequality for both rural populations in Bangladesh. This study confirms the presence of 

inequality in developing nations like Bangladesh as established by the American Sociological 

Review paper by Evans and Timberlake (1980). However when it comes to Ireland—a 

developed country with a standard of living advanced infrastructure and a strong economy—

it falls under a different context. As Ireland is a member of the European Union (EU) and the 

Organisation for Economic Co operation and Development (OECD) which consist of high 

income countries understanding income equality nuances between counties and rural counties 

becomes unfamiliar territory. Hence calculating the Gini Coefficient based on population as 

one of the weighted factors provides insights into inequality. 

 

In this research paper our focus will be on analysing income disparities present between the 

counties of Ireland and to check is there any income disparity present between the urban & 

rural counties, in Ireland.We'll utilize a dataset obtained from CSO (Connolly, 2023). Employ 

statistical techniques, like the Gini Coefficient, ARIMA and forecasting models. Furthermore 

we'll utilize visualization tools to generate charts comparing the population and income 

trends of counties over time. We will also take into account the categorization of counties, 

into metro & rural regions. 
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3 Research Methodology 

3.1 Determine the best performing model for forecasting Population for 

Irish geography  

Following steps are performed in “Determining the best Forecasting Method.ipynb” script 

 

Figure (1) Determining the best Forecasting Method.ipynb flow 

3.1.1 Libraries Import: 

The script begins by importing necessary libraries such as NumPy, Pandas, Matplotlib, 

Seaborn, Plotly, SimpleImputer, MinMaxScaler, statsmodels, LabelEncoder, 

OneHotEncoder, and itertools. 

3.1.2 Read Population Dataset: 

The script reads a population dataset from an Excel file using Pandas. 

3.1.3 Data Filtering: 

Filters the population dataset based on criteria like sex and county. 

3.1.4 Grid Search ARIMA: 

Defines a function (grid_search_ARIMA) for performing a grid search to find the best 

ARIMA parameters.It also utilizes the ARIMA model from statsmodels.Performs grid search 

for each county and stores the results in a DataFrame. 

3.1.5 Forecasting Using LSTM: 

Imports necessary libraries for LSTM forecasting. 

Defines functions for training an LSTM model and forecasting population for each county 

using LSTM.Performs training and forecasting for each county and stores the results in a 

DataFrame. 

3.1.6 ARIMA Forecast: 

Defines a function (train_and_forecast) to train an ARIMA model and forecast population for 

each county.Performs training and forecasting for each county and stores the results in a 

DataFrame.In this model p,d,q parameters are kept fixed as (1,1,1) and passed. 



9 
 

 

3.1.7 Result Output: 

The results for grid search ARIMA, LSTM forecasting, and ARIMA forecasting are saved in 

separate Excel files. Essentially MAE, RMSE & MAPE values for each county is stored for 

each type of model into .xlsx and used to determine the performance of the 3 models it 

 
Figure (2) Result Output 

 

Comparing the performance of models based on cumulative MAE-Mean Absolute error it’s 

clear that Forecasting with ARIMA Model Grid Search is yielding the lowest MAE therefore 

is considered for further analysis and used for forecasting Income & Population for till year 

2033,with this the research completes the research objective 2 specified in the Table 1 - 

Research Objective.      

Model MAE 

ARIMA_Forecast 

         

497,033  

LSTM_Forecast 

         

522,591  

Grid_Search_ARIMA 

         

485,126  

Table(2) Model Result 
 

3.2 Impact of Potato famine on the model performance while Forecasting 

Population for all the counties of Ireland till 2033  

Patato_Femine_Impact_On_Population_Forecast.ipynb script which performs the below 

steps to determine the impact of potato famine 

 
Figure(3) Patato_Femine_Impact_On_Population_Forecast.ipynb  Flow 
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3.2.1 Dataset Selection 

The script reads the population dataset 

3.2.2 Data Filtering 

To see the impact of Potato femine the dataset is filtered to include only records where the 

CensusYear is greater than 1845, the Sex is 'Both sexes', and the County is not 'State'. 

The 'CensusYear' column is converted to a datetime format as time series model will be 

applied on it. 

3.2.3 Grid Search ARIMA 

The function grid_search_ARIMA is used to perform a grid search for the best ARIMA 

parameters. 

3.2.4 Forecasting Population 

The script iterates through each county, performs grid search for ARIMA parameters, and 

then trains and forecasts using the best parameters. 

The results, including forecasted values and metrics, are stored in a DataFrame (results_df). 

3.2.5 Result Output 

The forecasted DataFrame results_df is displayed and saved to an Excel file 

Including_Patato_Femine_Grid_Search_ARIMA_v1.xlsx.All the steps from 1 to 5 are re-

executed by changing (df_population['CensusYear'] > 1845) to  (df_population['CensusYear'] 

> 1852) & saving the output in Excluding_Patato_Femine_Grid_Search_ARIMA_v1.xlsx.  

 

 
Figure(4) Model Output 
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As per the above results generated by cumulative MAE shown below in the table it’s clear 

that excluding the years of potato famine decreases the mean absolute error which in turn 

increases the efficiency of model therefore these years are not considered for forecasting 

population in the research.With this the research completes the research objective 3 specified 

in the Table 1 - Research Objective 

 

Type MAE 

Excluding_Potato_Femine Years 374522 

Including_Potato_Femine Years 425544 

Table(3) Model Result 

 

3.3 Forecasting Population & Income for all the counties of Ireland till 

2033  

Following scripts Population_Forecast.ipynb forecasts the population for each county using 

Grid Search ARIMA using below are the steps 

 

 
Figure (5) Following scripts Population_Forecast.ipynb flow 

3.3.1 Data Preprocessing 

The dataset is filtered to include only records where the CensusYear is greater than 1970 so 

as to obtain more correct results removing outliers such as potato femine years and as Ireland 

joined european economic zone on 1973 but the talks of Ireland joinnning EU began in 1970 

therefore used 1970 as the base year for forecasting . and where the Sex is 'Both sexes'.As 

time series model is required to be applied the 'CensusYear' column is converted to a 

datetime format. 

3.3.2 Grid Search ARIMA 

The script includes a function (grid_search_ARIMA) for performing a grid search to find the 

best ARIMA parameters.It then defines a function (train_and_forecast) to train the ARIMA 

model and forecast population for each county. 

3.3.3 Forecasting(Up to 2033) 

The script iterates through each county, performs grid search for ARIMA parameters, and 

then trains and forecasts using the best parameters.The results, including forecasted values 

and metrics, are stored in a DataFrame (results_df). 

3.3.4 Result Output 

The forecast is performed for each county for the next several years (up to 2033), and the 

results are saved to an Excel file (Population.xlsx).With this the research completes the 

research objective 5 specified in the Table 1 - Research Objective. 
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3.4 Forecasting Income for all the counties of Ireland till 2033 for 2 Socio 

economic indicators 

Following the same process shown above for forecasting population, Income_Forecast.ipynb 

script. 

 
Figure (6) Income Forecasting flow 

 

Essentially the scrit forecast the income for  years till 2033 for two socio economic indicators 

“Disposable Income per Person” & “Disposable Income per Person (Excluding Rent)” into 2 

seprate output  files. With this the research completes the research objective 4 specified in the 

Table 1 - Research Objective 

 

 
Figure (7) Forecated Income 

 

3.5 Calculating Income Inequality among the counties of Ireland 

To analyze the income distribution across counties in Ireland and assess the Gini coefficient 

as a measure of income inequality ‘Income Inequality Calculation.ipynb’ script performs the 

below steps 
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3.5.1 Data Collection and Preparation 

 
Figure (8) Data collection flow 

 
 

 Read historical dataset Income Dataset(RAA02) downloaded from CSO.ie,it contains 

disposable income information per person & disposable income information per 

person(excluding rent) for different counties and different years starting 2002 till 

2020 

 Read the Disposable_Income_per_Person.xlsx & 

Disposable_Income_per_Person_excluding_Rent.xlsx which has forecasted incomes 

from 2022 till 2033 

 Concatenate the dataframe to get one single income dataset 

 Performed the similar steps to determine population number for the counties 

 Both the datasets have county & year common therefore have merged based on the 2 

columns so as to get single dataframe which contains income & population for all the 

counties in one row from 2002 upto 2033 

3.5.2 Data Pre-processing and Transformation 

 Created a new column 'MetroCounty' categorizing counties into metropolitan or non-

metropolitan based on a predefined list discussed above. 

 Introduced new column 'Income' by multiplying 'Population' and 'Income_Per_Person' 

and saved the data into Forecasted_Income_Population.xlsx 
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Figure (9) Merged dataset 

 

3.5.3 Gini Coefficient Computation 

To calculate and quantify the income inequality among the counties of Ireland below 

methods are used 

 
Figure (10) Gini Coefficient Calculation 
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3.5.3.1 Method 1 

Developed a method to calculate the Gini coefficient using the Lorenz curve. Plotted the 

Lorenz curve and visualized income distribution. Applied this method to historical and 

forecasted income data considering both the factors which are Disposable income & 

Disposable income excluding rent for calculating the Gini Coefficient. 

3.5.3.2 Method 2 

Used an alternative method for Gini coefficient calculation using just Income data without 

considering the population. Applied this method to historical and forecasted income data. 

Considering both the factors which are Disposable income & Disposable income excluding 

rent for calculating the Gini Coefficient. 

3.5.4 Storing Gini Index results 

Once the multiple Gini Coefficients are calculated they are stored in a relational database –

PostGRE SQL table gini_coef_hist 

 
Figure (11) pgAdmin4 

 

3.6 Calculating the significance of Income Inequality among the counties 

of Ireland  

 ‘Statistical Significance Test.ipynb’ script is used to perform the statistical 

significance test as per the below flow chart 
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Figure (12) Gini Coefficient Statistical Test 

 

 With alpha value of 0.05 TTEST & WILCOXON statistical tests are performed on the 

set of Gini Coefficients extracted from gini_coef_hist table present in PostgreSQL 

 If the tests fail to reject the null hypothesis then there is no statistically significant 

difference in the Gini index between consecutive years. 

 If the tests rejects the null hypothesis then there is statistically significant difference in 

the Gini index between consecutive years. 

 TTEST & WILCOXON tests are performed for the gini index from the following 

years 2000 & 2033 

3.7 Income inequality between rural & metro counties of Ireland 

 ‘Statistical Significance Test.ipynb’ script is again used to identify the income 

inequality for the metro and rural counties by performing the statistical TTEST & 

WILCOXON test as per the below flow chart 

 
Figure (13) Income Disparity Check flow 
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 TTEST & WILCOXON tests are performed for the following years 2000,2020 & 

2033 

 

3.8 Data visualization 

 For creating final visualizations PowerBI is essentially used to read the data present in 

the RDBMS database table gini_coef_hist 

 For visualization purpose below data modelling approach is used 

 

 
Figure (14) Data Model 

 
 

 Once the data is refreshed in the gini_coef_hist table the data in powerBI data model 

needs to be refreshed by refesh button 

 
Figure (15) Refershing data source 
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 To differntiate between the forecasted value and the presnt & historic value 

conditional formatting on all the visuals is used where in the forecasted values are of 

lighter color 

 
Figure (16) Income Trend 

 

 

4 Design Specification 
Figure 3 illustrates the Three Tier Architecture utilized in this study. The Data Layer, 

positioned at the base of the structure serves as the foundation, for data collection. This layer 

acquires data from two datasets; Estimates of Household Income (RAA02) and Population at 

Each Census (FY001) published by the Central Statistics Office Ireland portal in.xlsx format. 

Moving up from the data layer we provisioned the business logic layer. Here various machine 

learning models are employed to compare forecasting models for Income and Population. 

The outcomes of grid search ARIMA, LSTM forecasting and ARIMA forecasting are stored 

separately in Excel files. Notably Mean Absolute Error (MAE) Root Mean Squared Error 

(RMSE) and Mean Absolute Percentage Error (MAPE) values are recorded for each county 

and model type. These values assist in identifying the time series machine learning model for 

obtaining values from 2022 to 2033. Additionally this layer is responsible for data processing 

tasks and performing business logic operations like GINI Index calculation as well as 

statistical tests such, as TTEST and WILCOXON to identify income inequality. 

The data visualization layer stores the result of the preceding two layers. In this layer the data 

stored in PostgreSQL by those two layers is. Used by PowerBI for visualization purposes. 

 
Figure (17) Architecture 
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5 Implementation 
 
The implementation phase is the stage of converting the proposed solution into a form. This 

section provides an overview of the outcomes, methodologies and tools used in the 

implementation process. While it doesn't include code listings or user manual descriptions the 

focus is, on the deliverables and the technologies utilized. 

 

5.1 Produced Outcomes 

5.1.1 Population Forecast for Irish Geography 

 Transformed Data- Filtered population datasets based on criteria like sex and county 

 Model Outputs- Results obtained from ARIMA model, LSTM forecasting and grid 

search ARIMA are stored in Excel files 

 Performance Metrics- Mean Absolute Error (MAE) Root Mean Squared Error 

(RMSE) and Mean Absolute Percentage Error (MAPE) are used for model evaluation 

5.1.2 Impact Analysis of Potato Famines Effect on Population Forecast 

 Transformed Data- Filtered population datasets for impact analysis purposes 

 Model Outputs- Results obtained from ARIMA model with and without Potato 

Famine years are stored in Excel files 

 Performance Metrics- MAE, RMSE and MAPE calculated for each scenario 

5.1.3 Population & Income Forecast for All Counties until 2033 

 Transformed Data- Datasets filtered to ensure results by removing outliers. 

 Model Outputs- Forecasted population values up, to 2033 are stored in 

Population.xlsx file. 

 Projected Income- The anticipated results, for the amount of money to each individual 

excluding rent are stored in output files. 

 

5.1.4 Calculating Income Inequality among Counties 

 We combined datasets that include information about income and population for all 

counties from 2002 to 2033. 

 Gini Coefficient Results- We calculated Gini coefficients using the Lorenz curve and 

an alternative method. The results were stored in a PostgreSQL table called 

"gini_coef_hist". 

 

5.1.5 Statistical Significance Test for Gini Coefficient 

 We extracted Gini coefficients from the PostgreSQL table for the years 2000 and 

2033 

 We then conducted TTEST & WILCOXON tests to determine the significance of 

differences in the Gini index 

 

5.1.6 Income Inequality between Rural & Metro Counties 

 We collected datasets for metro and counties.  



20 
 

 

 Then we performed TTEST & WILCOXON tests on these datasets for the years 

2000, 2020 and 2033. 

 

5.2 Methodologies Used  

 To ensure accuracy and relevance of data we applied data filtering and pre-processing 

techniques. 

 For population forecasting we utilized ARIMA (AutoRegressive Integrated Moving 

Average) and LSTM (Long Short Term Memory) models.  

 To measure income inequality we used both the Lorenz curve and an alternative 

method to calculate Gini coefficients.  

 Additionally we conducted TTEST & WILCOXON tests to assess significance. 

 

5.3 Tools and Languages  

 Our programming language, for data manipulation, analysis and modelling was 

Python used in Jupyter notebook development kit 

 During the project we made use of libraries, like NumPy, Pandas, Matplotlib, 

Seaborn, statsmodels and others to handle data processing and analysis tasks.  

 To manage the Gini results we utilized PostgreSQL for storing and retrieving them. 

 For visualizing Gini coefficient, Income & Population trend we relied on PowerBI.  

 

5.4 Summary 

The implementation phase was successful in turning our proposed solution into outcomes. 

These outcomes include predicted population values, income forecasts Gini coefficient 

results with significance tests.  

 

6 Evaluation 
 

The evaluation section aims to provide an analysis of the research findings highlighting their 

relevance to the research questions and objectives. By utilizing tools and visual aids such, as 

graphs and charts this section offers an rigorous assessment of the experimental research 

outcomes. 

6.1 Find the best Time series model among LSTM, ARIMA Model Grid 

Search and Forecasting & ARIMA Model Forecasting with Fixed 

Parameters for forecasting Income & Population of Ireland 

Comparing the performance matrices for the below model by looking to MAE values it is 

determined that for forecasting ARIMA Model Grid Search is the best when 

compared to other 2 as it has the lowest MAE. Henceforth, the objectives 2 that 

was outlined in table 1 have been successfully accomplished 
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Model MAE 

Fixed ARIMA 

         

497,033  

LSTM_Forecast 

         

522,591  

Grid Search ARIMA 

         

485,126  

Table(3) Model Output 

6.2 Impact of Potato Famine 

To examine how the Potato Famine impacts the machine learning models capability for 

forecasting population of Ireland. 

 

Type MAE 

Excluding_Potato_Femine Years 374522 

Including_Potato_Femine Years 425544 

Table(4) Model Output 

 

Looking to the above table excluding the years of potato famine decreases the mean absolute 

error which in turn increases the efficiency. With this the research completes the research 

objective 3 specified in the Table 1 - Research Objective 

6.3 Forecasting Population & Income for All Counties until 2033 

PowerBI dashboard with all 26 counties on the left gives the Population & Income trend from 

2000-2033 for each selected respectively, Also the light coloured bars are the forecasted 

years. With this the research completes the research objective 4 & 5 specified in the Table 1 - 

Research Objective 

Eg. a. Income & Population for Carlow 

 
Figure (18) Income & Population trend for Carlow 
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b. Income & Population trend for Dublin 

 
Figure (19) Income & Population trend for Dublin 

 

6.4 Calculating Income Inequality among Counties 

a. Gini Coefficient which highlights the income disparities for the counties from 2000-

2033 of  Ireland is showcased in the below PowerBI visual 

 
Figure (20) Gini Coefficient 
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b. Lorenz Curve: It indicates that the high amount of income is present with handful 

number of counties in Ireland 

 
Figure (21) Lorenz Curve 

 

Stastical Significance Test - To check if the change from 2000 to 2033 is significant or not 

a. TTEST- There is no significant difference in the situation 

b. WILCOXON- There is no significant difference in the situation 

Results- It is clear that for income disparity decreased in 2008 due to the recession however 

it’s likely to increase more by 2030 which means that more Income would lie with the 

handful of counties, With this the research completes the research objective 6,6.a,6.b,6.c & 

6.d specified in the Table 1 - Research Objective 

 

6.5 Income Inequality between Rural and Metropolitan Counties 

Income distribution among the counties of Ireland 
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Figure (22) County Wise Income 

 

 
Figure (23) County Wise Income 
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Figure (24) County Wise Income 

 

After grouping Metro and Rural county income and for 2000, 2020 & 2033 and conducting 

TTEST & WILCOXON statistical test it was inferred that the difference between both Metro 

& Rural counties is significant for 2000(p=0.0095) & 2020(p=0.0176) however for the year 

2033 when we considered the forecasted income & population figures the change is not 

significant. This means that as of today income disparity do exist between the urban & rural 

household but the extent would reduce by 2033. With this the research completes the research 

objective 7 & 8 specified in the Table 1 - Research Objective. 

 

6.6 Discussion 

When examining the N experiments and case studies in detail we gain insights and 

considerations. It is important to have reflections, on the experiment design critique the 

findings and provide suggestions for improvement to advance research. Moreover by placing 

the findings within the context of research from the literature review we enhance our 

understanding. Lets delve into some discussion points; 

 

6.6.1 Time Series Model Selection- 

The choice of using ARIMA Model Grid Search as the performing model raises questions 

about how sensitive the results to hyper parameter tuning. 
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Consideration- In research it would be beneficial to explore how robust this model is across 

other datasets and economic contexts to ensure its generalizability. 

 

6.6.2 Impact of Potato Famine 

We should consider both the exclusion of Potato Famine years improving forecasting 

efficiency and its potential impact on factors. It's worth discussing whether it should be 

treated as an outlier. 

Consideration- Conducting a sensitivity analysis regarding including or excluding events 

would contribute to a more comprehensive understanding of how responsive the model is. 
 
 

7 Conclusion and Future Work 
 

When it comes to studying the trends, in income and population in Ireland we have 

discovered that the ARIMA Model Grid Search is the tool for forecasting. It outperforms 

Fixed ARIMA and LSTM models. We found that excluding the years affected by the Potato 

Famine greatly improves the accuracy of our forecasts emphasizing how historical context 

plays a role in modelling. To present these trends effectively to policymakers and regional 

planners we have developed a PowerBI dashboard that provides a view of population and 

income trends for all 26 counties until 2033. 

 

Our research predicts an increase in income inequality by 2033 with differences between the 

counties increases and our research also shows that since early 2000’s there exist a significant 

disparity between Metro & Rural County of Ireland. But as the difference between the 

income levels of Metro & rural counties are not proven statistically significant which means 

that the rural counties would improve at much faster pace as compared to metro counties of 

Ireland by 2033.  

 

This study has provided insights that can guide decision making processes. However there are 

limitations to consider such as assumptions made in long term forecasting and potential 

vulnerability to changes. For work it is important to enhance the versatility of models across 

diverse datasets and economic contexts to make them more applicable. Conducting an 

analysis of events with varying magnitudes and durations would provide us with a deeper 

understanding of their impact. Furthermore integrating research would offer insights into the 

socio economic factors influencing income disparities. Examining how our observed trends 

align with patterns would also provide a broader perspective, on our findings. 
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