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[bookmark: _Toc211690917]1. Introduction
According to the StatsWales which is a service owned by the Welsh government to publish datasets to the public, the most recent data that showed population projections by local authority were based on 2018’s population estimate.[1] although there are more recent projections of the UK population that include Wales such as the 2022 based projection from the Office for National Statistics (ONS), it does not provide details on specific Welsh local authority populations, section 8 of that publication also states that the ONS are planning to release a 2022 based projection on local authorities in England only.[2]
Now that there is data from the Welsh government providing population estimates from 2019-2024,[3][4] this project aims to give an updated version of population projection which would help give a more accurate depiction of the Welsh Population in the future, it will also evaluate the accuracy of the 2018 based projections. This report will outline the motivation behind the project, the objectives, the methods and tools that will be utilised to achieve those objectives and the justification of the choices.



[bookmark: _Toc211690918]2. Background to the Proposed Research
[bookmark: _Toc211690919]2.1 Predictive Analytics (PA) and Machine Learning (ML)
An early account of PA in the 1980s mentions an American company called the Fair Isaac Company (FICO) using mathematical equations to calculate the likelihood that a person will pay back their loan, this likelihood was represented as a numerical score which was named the FICO score, the increasing use of the FICO score in other companies may have inspired how companies outside of the USA calculate credit scores.[5][6]
PA branches from data analytics and focuses on leveraging historical data to make predictions for the future, in more recent years these predictions have increasingly incorporated ML.[7] PA has a lot of applications in fields such as healthcare where monitoring devices worn by patients incorporate algorithms to help staff be aware of risks before an incident occurs.[8] Transportation is another application of PA, for example, the London North Eastern Railway (LNER) who are using ML models trained from data on train journey performance, quantity of passengers, weather conditions etc. to predict delays in train journeys.[9]
Governments use PA and ML in a variety of departments, for example, the NHS uses ML to predict patient demands across hospitals to inform resource allocation.[10] The ONS in one of their publications about national population projections mentioned that they produce these reports to be given to the governments of the constituent countries of the UK to assist with planning in education, health, pensions and economic forecasts.[2]
[bookmark: _Toc211690920]2.2 Geographic Information Systems (GIS)
GISs allows the visualisation, management and analysis of spatial data,[11][12] GISs are usually used to study a population and their characteristics in specific areas, also known as geodemography.[13] GISs are also used to understand the geographical characteristics or infrastructure of an  area.
The origins of GISs date to the 1960s when the first GIS, the Canada Geographic Information System (CGIS)[11][14] was created in collaboration with IBM for a Canadian government funded program called the Canada Land Inventory to reduce their difficulty managing natural resources due to the size of the country.[15] Esri, a reputed GIS software company was founded using early advancements in technology.[14] from the 1990s to modern day more major advancements in satellite imagery and observation, and hardware made GISs more powerful and popular in everyday life through systems such as Google Maps and Uber. GISs have more frequent usage in environmental sciences and urban design to assist construction projects, research on air quality, predictive analytics on crime etc.[14]
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[bookmark: _Toc211690922]3.1. Research Aim & Objectives
The aim of the project is to create an updated projection of the Welsh population, including the population of each local authority that will be visualised through a geographic information system, the project also aims to compare the accuracy of predictions from various types of machine learning models.
The key objectives of the project are as follows:
1. To produce an updated projection of the Welsh population by local authority with multiple different machine learning models
2. To produce a visualisation that allows easy understanding of the projections
3. To compare the accuracy of the model’s predictions with each other and with historical projection data
[bookmark: _Toc211690923]3.2 Methods 
An experiment will be the primary research method of this project. The reasoning behind this being that project will make evaluations and draw comparisons between different machine learning algorithms and historical data from government publications
[bookmark: _Toc211690924]Data Collection and Sources
Collecting quantitative data from publicly available repositories is the main method of data collection for this project, the sources that data will be collected will include StatsWales, DataMapsWales, Digital Health and Care Wales etc. The data collected will relate to housing, education, health and social care, mortality, migration etc.
[bookmark: _Toc211690925]Technologies 
The development of the machine learning models will be done in Python, The Python programming language has the most support for machine learning operations through libraries such as Scikit-learn, TensorFlow, Keras etc. Python also has libraries for reading data from CSV or SQL files through polars and pandas, SQLAlchemy is another popular library within Python used for inserting data through Python code.[16] 
For storing historical data and the new data that will be produced, MySQL will be used, this is due to its compatibility with Python through MySQL Connector, through polars and MySQL Connector, the MySQL database will allow querying of data via Python code.[17]
Quantum GIS (QGIS) will be the GIS of choice for the project, QGIS is a widely used free and open source GIS used by various authorities around the world for case studies in countries such as Saint Lucia, Nigeria, Portugal etc. [18]
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