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1.Abstract

This study investigates the spatial relationships between historic coal mining activity,
socio-economic deprivation, and respiratory health outcomes across Wales using
Geographic Information Systems (GIS). A combination of spatial and attribute
datasets, sourced from Welsh Government and UK platforms, was integrated at
Lower Super Output Area (LSOA) and County scales. Data was cleaned,
standardised, and transformed to ensure compatibility and reliability prior to analysis,
with thematic mapping the primary method for visualising patterns and trends.

A series of thematic maps and spatial queries were produced to explore income,
employment, and health deprivation alongside population age structure, air quality,
and coalmine locations. The results indicate that former coal mining areas,
particularly in Northeast and South Wales, are associated with higher levels of
deprivation and poorer respiratory health outcomes compared to other regions.
While improvements in air quality and respiratory health were observed between
2015 and 2024, higher baseline rates in historic mining areas suggest that the
impacts of industrial legacy persist. Demographic patterns further highlight
differences in population structure near former coalfields, indicating the need for
cautious interpretation and further investigation.

The study demonstrates the effectiveness of GIS and thematic mapping in
communicating complex geodemographic and health relationships, while
acknowledging limitations related to data. Recommendations for further analysis
include proximity-based health assessments, extended temporal analysis,
incorporation of additional environmental variables, and the development of
interactive GIS outputs. Overall, the project illustrates the value of GIS as a
decision-support tool for understanding and addressing spatial health inequalities
linked to industrial legacy.




2.Introduction

Geographic Information Systems (GIS) provide a robust framework for analysing
geodemographic and health data, enabling the identification of spatial patterns,
relationships, and potential hotspot areas. This project uses GIS software to
investigate spatial associations between historic mining activity in Wales and
respiratory health outcomes.

The study focuses on Wales, using national datasets and consistent administrative
boundaries to ensure reliable spatial analysis. Lower Super Output Areas (LSOAs)
are employed as the primary spatial unit, offering sufficient geographic detail for
analysing deprivation and health patterns while remaining comparable across
datasets.

The main objective of the project is to explore deprivation alongside the location of
coalmines and any potential relationship with respiratory-related hospital admissions
and mortality. The analysis combines deprivation indicators, demographic
characteristics, and the spatial distribution of historic mines to examine whether
areas of higher deprivation and mining hotspots correspond with poorer respiratory
health outcomes. The scope of the study is influenced by data access constraints,
including restrictions on granular health data, incomplete historic mine records, and
practical time limitations.

3.Methodology
3.1 Data definitions

A Geographic Information System (GIS) integrates spatial (location-based) data with
attribute data to analyse how social, environmental, and health patterns vary across
space. Spatial data defines geographic location and relationships, while attribute
data provide descriptive information such as socioeconomic, demographic, and
health characteristics. When combined with contextual and temporal information,
GIS enables effective spatial analysis, visualisation, and evidence-based
interpretation [1].

3.1.1 Data acquisition

The reliability of a GIS analysis is strongly dependent on data quality and source
credibility. For this project, datasets were obtained from government and recognised
open-data platforms to ensure accuracy, consistency, and transparency. Metadata




accompanying each dataset was used to assess data origins, collection methods,
assumptions, and limitations.

Data acquisition was closely followed by data cleaning, transformation, and
standardisation to ensure compatibility across datasets. Key quality considerations
included completeness, timeliness, positional accuracy, attribute accuracy, and
temporal relevance. Ensuring consistent formats and units was essential for
integrating multiple datasets and minimising analytical error [2].

Ethical and legal considerations also informed data selection and handling. All data
were managed in accordance with data protection regulations, including GDPR, with
restricted access to sensitive health information shaping the scale of analysis.
Ultimately, all datasets were selected based on fitness for purpose, ensuring they
directly supported the analytical objectives of the GIS project. [2].
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Figure 1: Geospatial data quality indicators [2]

3.1.2 Data collection

This project utilised a combination of spatial (vector) and non-spatial (attribute)
datasets to analyse socio-economic deprivation, historic mining activity, and
respiratory health outcomes across Wales.

Spatial Data

LSOA Boundaries (Wales) [3]

Polygon vector (shapefile) data defining Lower Super Output Areas across Wales.
This dataset formed the core spatial framework of the project, providing a consistent




geographic unit to which deprivation, demographic, and health data were joined for
mapping and analysis (Figure 2 and Figure 3).
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Figure 3: LSOA Metadata [3]

Welsh Index of Multiple Deprivation (WIMD) 2019 [4]

Shapefile datasets representing employment, income, and health deprivation at
LSOA level. These indicators were used to identify spatial patterns of
socio-economic vulnerability and to support comparative analysis with respiratory
health outcomes (Figure 4 and Figure 5).
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Historic Mine Locations [5]

Shapefile data representing the recorded locations of historic mines across Wales.
This dataset supported analysis of the spatial distribution of mining activity and its
potential association with deprivation and respiratory health patterns (Figure 6).
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Figure 6: Mine location data [5]

Attribute (Tabular) Data

Population Age Profiles (0-15, 16-64. 65+) [6]

LSOA-level demographic data describing age structure, used to assess the potential

influence of population composition on observed health outcomes (Figure 7 and
Figure 8).
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Figure 7: Population data - ages 0-15 [6]
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Figure 8: Metadata population [6]

Respiratory Disease Hospital Admissions and Mortality Rates [7]

County-level data reporting respiratory-related hospital admissions and deaths by
gender, used as indicators of respiratory health outcomes, classified using ICD-10
coding standards (Figure 9 and Figure 10).
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Figure 9: Respiratory disease data (7]
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Figure 10: Respiratory disease metadata [7]

Air Quality (PM2.5) (8]

Data measuring fine particulate matter concentrations, included as a contextual
environmental indicator relevant to respiratory health (Figure 11).
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Figure 11: DEFF'A air quality data [8]




Assessed but Excluded Data

Several datasets were reviewed but excluded due to limitations in spatial resolution,
data suppression, or relevance to the study objectives. These included
alcohol-related hospital admissions and mortality data, and address-based datasets
requiring geocoding with limited analytical value at the study scale.

Overall, the final dataset contained a combination of polygon and point vector layers
with associated LSOA and county level attribute data, enabling relevant spatial
analysis.

3.1.3 Data cleaning

Once data sources were collected, a systematic review of file contents was
undertaken. This step was essential, as unresolved formatting or value issues are
likely to cause problems during GIS implementation. Several data-cleaning tasks
were completed within .xIsx files prior to import, helping to optimise GIS performance
and ensure compliance with principles of accuracy, relevance, and usability.

3.1.3.1  Population data cleanse

Population data was available at LSOA level; however, age group information was
distributed across three separate Excel files (Figure 12). Importing these individually
would have infroduced unnecessary complexity and clutter into the GIS project. To
address this, a single consolidated file was created containing all three age bands
(0-15, 16-64, and 65+), limited to the year 2024 to provide a consistent basis for
analysis (Figure 13).

Care was taken to ensure compatibility with the spatial boundary data. The Area field
used in the population dataset was aligned exactly with the LSOA name field in the
LSOA boundary layer, allowing for accurate joins within QGIS.




3.1.3.2 Respiratory data cleanse

Respiratory hospital admission and mortality data was available only at County level
and distributed across multiple files by year and category. To support effective
analysis and reduce project complexity, these datasets were combined into a single
file (Figure 14).

As part of this process, only the years 2015 and 2024 were retained to enable
temporal comparison. County-level admission and mortality rates were aligned by
year and gender, and additional calculations were carried out to derive percentage
change between the two years. Due to later challenges encountered within QGIS, all




numeric fields were explicitly formatted as numbers during this stage to minimise
import errors (Figure 15).
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Figure 15: Single respiratory file

3.1.3.3  Airquality data cleanse

Air quality data (PM2.5) was available at County level, with separate files for each
year and combined coverage for England and Wales. In line with the respiratory
analysis, 2015 and 2024 were selected as years of interest. The 2015 dataset
required additional correction, as county names were inconsistent and Local
Authority codes were missing. English counties were also removed prior to import
(Figure 16).




A manual lookup process was applied in Excel to align the 2015 data with the 2024
dataset using consistent Welsh county naming. These data were consolidated into a
single file, and percentage change in PM2.5 concentrations between 2015 and 2024
was calculated to support later analysis (Figure 17).

Figure 16: Air quality raw data
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Figure 17: PM2.5 data 2015 and 2024




3.1.4 Data manipulation and transformation
Additional data manipulation and transformation were undertaken within QGIS.

3.1.4.1  Mining data: Identifying coal mines

The historic mine location dataset contained several anomalies, including incomplete
records and limited classification of mine type. As distinguishing coal mines was
essential to this study, a best-estimate approach was adopted. The geology attribute
was identified as the most appropriate field for differentiating mine types, and an
SQL query was used to create a new classification field within the attribute table
(Figure 18 and Figure 19).

Figure 18: SQL script to identify mine types
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Figure 19: Adding calculated field to mine data

A sense check was performed by comparing the resulting coal mine distribution with
known historic coalfield regions in Wales, notably the South Wales Valleys and
North-east Wales (Figure 20). While this approach does not provide definitive




classification, it offers a reasonable and transparent approximation, which is
acknowledged as a limitation in subsequent analysis. This manipulation was carried
out in GIS due to constraints associated with directly editing the original shapefile.
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Figure 20: Coal mine locations in Wales

3.1.4.2 Data format issues

During data import, particularly from CSV files, some numeric fields were incorrectly
interpreted as strings. Considerable time was spent attempting to resolve this within
QGIS by creating new fields and converting values using SQL expressions such as
to_real. Ultimately, a more reliable solution was to correct data types at source by
adjusting formats in Excel and saving the files as .xIsx prior to import.

3.2Thematic maps

Thematic maps are maps designed to display the spatial distribution of a specific
variable or theme, such as social, economic, or health characteristics, allowing
geographic patterns and relationships to be explored visually rather than through
numerical tables [1].

The use of thematic mapping enables powerful visualisation of complex datasets,
allowing patterns and trends to be identified quickly when maps are designed
appropriately. In this project, thematic maps were central to exploring spatial




relationships between deprivation, historic mining activity, population characteristics,
and respiratory health outcomes.

3.2.1 Joining and preparing data for thematic mapping

A critical step in preparing data for thematic mapping is ensuring that spatial and
non-spatial datasets can be integrated accurately. All datasets must share a
consistent coordinate reference system, as differing global reference systems can
introduce spatial misalignment due to variations in projection and earth curvature. To
ensure spatial consistency, all layers in this project were standardised to
EPSG:27700 (OSGB 1936 / British National Grid) (Figure 21).
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Figure 21: Project Coordinate Reference System (CRS)

3.2.1.1  LSOA to population group join

Population data was joined to the LSOA boundary layer using a common identifier,
linking the Area field in the population dataset to the Isoa21nm field in the spatial
boundary data. This attribute join enabled population characteristics to be mapped
accurately within each LSOA polygon (Figure 22).
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Figure 22: LSOA boundary and population join

3.2.1.2 Creating a dissolved layer to enable County joins

As only LSOA boundaries were available initially, a dissolved layer was created
using the Dissolve tool in QGIS to aggregate LSOAs into County-level polygons
(Figure 23). This derived County layer allowed joins to datasets available only at
County scale, such as respiratory mortality and admission rates (Figure 24).
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Figure 24: Joining respiratory data to aggregated County data

3.2.2 Creation of thematic maps

A series of thematic maps were produced to support analysis across different
datasets:

+ LSOA Boundary Map: A simple reference map displaying LSOA boundaries
across Wales (Figure 25).
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Figure 25: LSOA boundaries




« Deprivation Decile Maps: Graduated choropleth maps using distinct colour
ramps for employment, income, and health deprivation, with decile
classifications highlighting deprivation hotspots where 1 represents the
highest deprivation (Figure 26-28) .

Figure 26: Employment deprivation
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Figure 27: Health deprivation
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Figure 28: Income deprivation

+ Respiratory lliness Maps: County-level graduated maps showing
respiratory-related death and admission rates, with county labels added for
clarity (Figure 29).
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Figure 29: Respiratory iliness death rates 2024




« Population Age Structure Maps: Graduated symbology was applied using
consistent classification across age groups to enable comparison (Figure 30).
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Figure 30: % of population aged 0-15 years

3.2.3 Creating a thematic map for air quality

« Air Quality Maps: PM2.5 concentration change was visualised at County level
using a darker colour scheme to emphasise poorer air quality (Figure 31).
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Figure 31: Air quality by County




+ Mine Location Overlay: Coal mine locations were added as point layers over
thematic maps, with non-coal mines filtered out to maintain focus on project
objectives (Figure 32).
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Figure 32: All mine locations

3.2.4 Final outputs

Using the Print Layout functionality in QGIS, a total of fourteen thematic maps were
produced. Each layout included consistent titles, legends, symbology, and a fixed
map scale to ensure visual comparability. Map themes were used to lock layer
visibility and styling, ensuring consistency across outputs and producing clear,
publication-ready visuals for analysis and interpretation.
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Figure 33: All mines aligned with LSOAs, with visible toolbar




Other final visualisations, as intended for end user, with consistent titles and legend.

Health deprivation deciles and coal mine locations
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Figure 34: Health deprivation and coal mines

Employment deprivation deciles and coal mine locations
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Figure 35: Employment deprivation and coal mines




Income deprivation deciles and coal mine locations
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Figure 36: Income deprivation and coal mines
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Figure 37: Population aged 0-15 years by LSOA 2024




Percentage of population aged 16-64 years by Lower Super Output
Area (LSOA) 2024
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Figure 38: Popuiation aged 16-64 years by LSOA 2024

Percentage of population aged 65+ years by Lower Super Output
Area (LSOA) 2024
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Figure 39: Population aged 65+ years by LSOA 2024
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Percentage change in admission rates per 100,000 of the population from
2015 to 2024
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Figure 40: Change in respiratory admission rates 2015 to 2024 (persons)

Respiratory disease related hospital admissions rate per 100,000 of the
population 2024 (males)
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Figure 41: Respiratory admission rates 2024 (males)




Respiratory disease related hospital admissions rate per 100,000 of the
population 2024 (females)

 Isle of
Anglesey

Mine types

o Coalmines
Admission rates females 2024
[ 836-1088
[ 1088 - 1341
[ 1341-1593
I 1593 - 1846
Il 1846 - 2099

M Carmarthanshire)
Panibrokeshire;

1
Exsnsy Monmouthshire

Glamargan

Figure 42: Respiratory admission rates 2024 (females)

Percentage change in death rates per 100,000 of the population from
2015 to 2024 (All genders)
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Figure 43: Change in respiratory death rates 2015 to 2024 (persons)




Respiratory disease related death rate per 100,000 of the population

2024 (males)
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Figure 46: Air quality PM2.5 change 2015 to 2024

4.Outcomes

4.1Findings from the thematic maps —

Clear spatial patterns emerged from the analysis, some aligning with expectations
and others challenging initial assumptions.

e Coal mine locations are concentrated in South Wales and north-east Wales,
consistent with known historic mining regions.

* Areas surrounding South Wales coalfields display higher levels of income,
employment, and health deprivation, while deprivation patterns in the
north-east are less pronounced. This suggests a stronger legacy effect of
mining in South Wales.

e LSOAs near historic coal mines are more heavily populated by working-age
residents and children, with proportionally fewer older adults. While this
should not be assumed to reflect differences in health outcomes or life
expectancy, it highlights an area requiring further demographic investigation.

* Respiratory-related hospital admissions and mortality rates are generally
higher in areas associated with historic coal mining. Although reductions
between 2015 and 2024 are observed nationally, higher starting rates near
coalfields suggest that the health impacts of mining continue to influence
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outcomes and health investment opportunities should be explored to improve
population health.

Air quality improvements were greater in South Wales than in the Northeast.
When considered alongside deprivation and respiratory health patterns, this
suggests that non-air-quality factors may contribute more strongly to ongoing
health inequalities in former mining areas.

patial query insights

The application of spatial queries enhanced both analytical depth and interpretive

clarity:

5.Analysis

Spatial integration: Attribute and spatial data was joined to LSOA and County
boundaries, enabling consistent thematic mapping.

Geographic filtering: Non-Welsh data was excluded to maintain analytical
focus.

Thematic overlay: The combination of deprivation, demographic, health, air
quality, and mining layers revealed spatial relationships and potential
correlations.

Clustering and scale analysis: Hotspots were more clearly identified when
analysing patterns at both LSOA and County scales.

Interpretation and communication: GIS visualisation proved effective in
communicating complex spatial relationships in an accessible manner.

5.1 Principles of thematic mapping and visualisation

Effective thematic mapping prioritises clarity, relevance, and consistency. The use of
appropriate colour schemes, standardised symbology, and controlled layering
enabled spatial differences to be highlighted without unnecessary visual clutter. The
integration of multiple thematic layers allowed relationships between deprivation,

health

, and environmental factors to be interpreted more intuitively than would be

possible using tabular data alone, supporting evidence-based spatial reasoning.

5.2Challenges and limitations

Data and import issues: Percentage-formatted fields were sometimes
misinterpreted by GIS software, resulting in null values and requiring

reformatting.

Technical limitations: Problems with geocoding, layer alignment, and

inconsistent data formats necessitated repeated troubleshooting.




« |Integration constraints: Combining multi-source datasets required extensive
preprocessing and spatial filtering.

+ Time constraints: Debugging and rebuilding limited opportunities for more
advanced analysis.

e Data resolution: Some datasets lacked completeness or fine-scale spatial

detail.
e Output limitations: Static maps restrict interactivity. GIS software is difficult to
master.
6.Conclusions =12

This project demonstrates the value of Geographic Information Systems (GIS) in
exploring complex relationships between environmental, socioeconomic deprivation,
and health outcomes. By integrating spatial, demographic, health, and historical
mining datasets, the analysis revealed clear geographic patterns across Wales that
would be difficult to identify using non-spatial methods alone. In particular, the
concentration of historic coal mining activity in South Wales and the Northeast was
shown to coincide with areas of higher deprivation and poorer respiratory health
outcomes, suggesting that the impacts of the coal mining industry continue to
influence communities long after its decline.

Thematic mapping proved effective in communicating these patterns, allowing
differences and hotspots to be identified at both LSOA and County scales. While
improvements in respiratory health outcomes and air quality were observed over
time, the persistence of higher rates in former mining areas highlights ongoing
inequalities. At the same time, variations in population age structure and regional air
guality trends indicate that these outcomes are likely to be shaped by a range of
interacting social, environmental, and demographic factors, rather than mining
legacy alone.

Several limitations shaped the scope of the analysis, including restricted access to
granular health data, inconsistencies in data formats, and reliance on static visual

outputs. These constraints provide clear opportunities for further research. Future

analysis could incorporate population-weighted health measures at more granular
spatial scales, proximity-based analysis linking mine locations to health outcomes

with buffer zones, and extended time-series data to assess long-term trends. The

inclusion of additional environmental indicators and the development of interactive
GIS outputs would further enhance analytical depth and accessibility.

Overall, this study illustrates how GIS can support evidence-based understanding of
spatial health inequalities and provides a foundation for further investigation into the
long-term impacts of industrial legacy on public health.
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