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ABSTRACT

Population shrinkage has gained attention from academics and policymakers in recent years,
due to the long-term implications the phenomenon has for public service delivery and the
viability of urban and rural communities. We visualise the socio-temporal evolution of
population shrinkage and growth, utilising a spatially rectified dataset containing population
data from seven Census of Population covering the 1986-2016 period in the Republic of
Ireland. Spatial changes in population distribution are visualised in a map that classifies
small administrative units using a spatial typology distinguishing between those
experiencing population growth or shrinkage, across the 30-year period. The temporal
dimensions of these developments are considered in a sequence of inset maps that apply
the same typology to identify the intercensal changes. Overall, the map facilitates the visual
communication of long-run population trends, the identification of areas experiencing

ARTICLE HISTORY
Received 12 October 2021
Revised 17 January 2022
Accepted 20 February 2022

KEYWORDS

Population change;
spatiotemporal analysis;
shrinking regions;
choropleth maps; Ireland

limited or no growth, and indicates the relative consistency of these trends over time.

1. Introduction

The spatial distribution of population is an important
socio-economic indicator (Li et al., 2016). Changes to
population distribution have been investigated in
many disciplines from different perspectives, includ-
ing geography, demography, sociology, economics
and history (Batunova & Perucca, 2020; Li & Clarke,
2012). In recent years, the issue of population loss or
‘shrinkage’ has gained attention, from policymakers
and academics (Batunova & Perucca, 2020). Studies
have progressed from focusing on cities (Haase
et al., 2014) to regions (Grasland et al., 2008; Simon
& Mikesova, 2014), as shrinkage involves broader
regional social and economic systems, not just cities
(Batunova & Perucca, 2020). There is also a need to
consider the interrelationships between areas that
are growing and those that are shrinking (Copus
et al.,, 2021; Piro, 2016). Such analysis requires well-
designed cartographic resources that represent popu-
lations with sufficient spatial and temporal detail and
provide easily readable and interpretable legends
(Zuniga et al,, 2012).

Ireland presents an interesting case study of popu-
lation change and the associated spatial impacts.
These issues have long been of significant public and

policy concern due to long-run population decline
from the 1840s through to the 1950s and a subsequent
period of fluctuating growth rates (Daly, 2006). During
1986-2016, Ireland experienced substantial economic
fluctuations, suffering through a recession in the
1980s, experiencing rapid economic expansion (the
Celtic Tiger) in the 1990s and early 2000s, a further
recession in 2008, and a subsequent period of recovery.

Concerns with the spatial distribution of the popu-
lation have become increasingly important and gave
impetus to the development of the National Spatial
Strategy (2002), the National Planning Framework
(2018) and the recently published National Rural
Development Policy (2021). Each document highlights
the widely varying patterns of population change and
the consequent challenge of providing for the needs
of populations living in shrinking and growing areas.
Surprisingly, the most recent policy documents do
not present a map of population distribution or change
despite these issues underpinning their rational.

We aim to advance understanding of the spatial
complexities of population change by visualising the
temporal dynamics at a smaller administrative unit
level of Electoral Divisions (EDs) — Ireland’s Local
Administrative Units 2 (LAU2). Our analysis is valu-
able as population change statistics reported for larger
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spatial units can be influenced by changes specific to
sub-areas within these units, i.e. city cores, city regions
and rural areas (Copus et al., 2021). Using more
detailed spatial scales reveal significant differences in
population growth/shrinkage both within and
between regions (Simon & Mikesova, 2014). The
effect of shrinkage may be hidden at higher spatial/
administrative levels but may be visible at fine geo-
graphical level (ESPON, 2019). Stjernberg and Penje
(2019) show how the ‘Modifiable Areal Unit Problem’
(MAUP) can affect the identification of shrinking
regions. They reveal that most of Denmark is classified
as shrinking at grid level, despite the fact most muni-
cipalities are classified as growing at the same time.
Using Census of Population data for the Republic of
Ireland, we visualise through a sequence of choropleth
maps the temporal dimensions of aggregate popu-
lation growth or decline associated with each ED
during each intercensal period and produce an overall
map covering the entire period which also highlights
Ireland’s main cities.

2. Materials and methods

Maps are an invaluable tool in the visualisation and
analysis of population changes as the cartographic
presentation enables readers, both professional and
lay, to make an initial assessment of the rate and direc-
tion of changes (Cebrykow et al., 2016). To achieve
this, we produced a main map representing a typology
of changes that occurred between 1986 and 2016,
while the intercensal maps apply the same typology
to capture the different trends and their associated
patterns during the six intercensal periods (1986—
1991, 1991-1996, 1996-2002," 2002-2006, 2006—
2011, and 2011-2016).

2.1. Base materials

The maps are based off shapefiles provided by the
Central Statistics Office (CSO) and Ordnance Survey
Ireland (OSI) (Ordnance Survey Ireland (OSI),
2017). The shapefile features ungeneralised Electoral
Divisions (EDs). In the shapefile, the Shannon estuary
is covered by land and EDs. For accuracy, the ED sha-
pefile was clipped using the OSI 250k Sea Area sha-
pefile (Ordnance Survey Ireland (OSI), 2016). This
generates the accurate depiction of Ireland’s land
mass. As the Republic of Ireland has relatively few
large lakes or rivers, a decision was taken to exclude
these features from the map. The ED shapefile only
contains the Republic of Ireland, not Northern Ireland
which is part of the UK. While the analysis focuses on
the Republic of Ireland, the decision was made to
include Northern Ireland to ensure that the island of
Ireland is geographically accurate. The shapefile used
is the OSNI Open Data — Largescale Boundaries —

NI Outline published by the Ordnance Survey of
Northern Ireland (Ordnance Survey of Northern Ire-
land (OSNI), 2021). Finally, to highlight the location
of Ireland in Europe the 2020 Countries 1:60,000,000
shapefile provided by Eurostat GISCO (Eurostat
GISCO, 2020) was used. The Ireland in Europe inset
is in the ETRS 1989 LAEA system.

2.2. Rectifying and preparing the dataset

The statistical data sources used in our analysis are the
seven censuses carried out in Ireland during 1986,
1991, 1996, 2002, 2006, 2011, and 2016 (CSO, 1986,
1991, 1996, 2002, 2006, 2011, 2016). The results of
each census are summarised and reported at a variety
of geographic scales ranging from national to Small
Areas. Whilst the latter is the smallest spatial unit,
these were only introduced following the 2011 Census.
To undertake longer-term analysis, it is necessary to
use EDs, which have existed since the nineteenth Cen-
tury. As of the 2016 Census, there are 3440 legally
defined EDs in Ireland.

To protect households’ anonymity in EDs with very
small populations, EDs with less than 15 households
or 50 persons are merged with adjoining EDs for the
purpose of reporting census statistics. These are
known as Small Area Population Statistics (SAPS).
Whilst most merged EDs have remained the same
since 1986, there have been several aggregations and
a limited number of boundary changes that required
additional data processing to ensure comparability
between the spatial areas and associated SAPS used
in our analysis. Regarding boundary changes, the
urban-rural definition between some EDs (e.g. Carlow
Urban and Carlow Rural) changed between 1996 and
2002. To ensure comparability of population statistics
and spatial units across time in our analysis, the
affected EDs were amalgamated into a single unit,
e.g. combining Carlow Urban and Carlow Rural®
into a single unit called Carlow Urban. While the
method is not perfect as the urban-rural distinction
is lost for some EDs, the resulting EDs and associated
population statistics are comparable across time. Sev-
eral spatial aggregation changes were made during the
period in question. Depending on the census year,
data for some EDs were reported differently, e.g.
Aghalateeve and Aghavoghill were merged as one
ED in 2002. However, in 2006 Aghalateeve and Agh-
nalish were merged, while Aghavoghill was merged
with Melvin. These were similarly amalgamated for
the purpose of consistency across time. The spatial
dataset used in our analysis comprises 3384 EDs out
of a total of 3440 EDs, meaning we retain a very sig-
nificant level of spatial disaggregation. The statistical
data are matched to these spatial units to provide a
continuous and comparable population change
dataset.



2.3. Methods

Initially, the focus of the paper was on population loss
and regional shrinkage. There are many different
definitions of regional shrinkage within existing litera-
ture (Sepp & Veemaa, 2017; Simon & Mikesovd, 2014).
This paper is more in line with the definition of
shrinkage by Grasland et al. (2008) who classified a
region as shrinking if it loses a significant proportion
of its population over a period equal to or more
than one generation (20-30 years). Reflecting this
definition, our paper provides an analysis covering a
30-year period from 1986 to 2016. We also examine
population loss within the intercensal periods to facili-
tate the identification of consistency with or diver-
gence from trends and patterns across time.

Rather than a simple binary classification of ‘growing’
or ‘shrinking’ EDs, we applied a typology that reflects
the percentage change in population. The classification
initially identified EDs that were either growing or
shrinking. The shrinkage definition from Grasland
et al. (2008) does not specify what qualifies as significant
proportion. The definition indicates that shrinkage
should not be defined by relatively small negative
changes and that exact thresholds (either numerical or
proportionate) must be specific to the data and scale of
analysis (ESPON, 2019). Identifying above average
population loss has been implemented in previous
work which examined and defined population loss
(Batunova & Perucca, 2020; Meredith, 2016). As such,
the decision was made to examine population loss as
above and below average. The decision was then made
to split population growth in a similar manner. While
using the same static value would ensure that the cat-
egories are symmetrical, we felt that using 16% as the
cut-off point for population growth would not properly
capture or reflect the trends in population growth. Ire-
land experienced significant population growth over
the 30-year period (CSO, 1986, 2016). 2348 EDs
(69.4%) experienced population growth between 1986
and 2016, while the rates of population growth tend to
be higher than the rates of population loss. As such,
there is substantial variance in the levels of population
change during this period. Thus, to ensure an accurate
depiction of substantial population increase, the decision
was made to split the category into above and below
average population growth as well. EDs with growing
populations were categorised as recording above or
below average growth whilst those that shrank, were
categorised in terms of above or below average decline.
This resulted in five categories of EDs: Substantial
increase (>51%), Increase (1-51%), No change, Decrease
(—1 to 15%), and Substantial decrease (<—16%). Increase
ranges from 1 to 51%, and substantial increase covers all
values greater than 51%. The reason we use greater than
(>) for substantial increase and less than or equal to (<)
for substantial decrease, is that the GIS software only

JOURNAL OF MAPS (&) 553

allows for setting upper band limits (i.e. —16% for sub-
stantial decrease and 51% for increase). There are very
few EDs that experience no population change in each
map (14 in 1986-2016, 42 in 1986-1991, 45 in 1991—
1996, 38 in 1996-2002, 32 in 2002-2006, 23 in 2006—
2011, and 48 in 2011-2016). This category was included
so we did not misrepresent EDs as either shrinking or
growing. Categorisation in each map is determined by
the population change during the respective period,
e.g. while the categories have the same thresholds across
each period (e.g. <—16%, —1% to 15%, No change, 1%—
51%, and >51%), in the 1986—-1991 map, categorisation is
determined by the population change during the period
1986-1991. In the 1991-1996 map, categorisation is
determined by the population change during the period
1991-1996. Maintaining consistency in the categories’
definition is beneficial for comparing different intercen-
sal periods. Readers can identify the contribution of each
intercensal change on the overall map, e.g. a substantial
decrease in 19861991 may ensure that an ED lost popu-
lation over the entire 30-year period, even if it experi-
enced population increase post-1991. However, it must
be noted that, mathematically, the cumulative effect is
asymmetrical, i.e. a +50% increase in 1986-1991 fol-
lowed by a —50% decrease in 1991-1996 does not result
in the overall population returning to the original
amount (in this example, 1986). There is a potential
bias even in random fluctuations around a constant
size for positive growth rates to be nominally higher
than the negative growth rates (e.g. —50% followed by
+100% results in no change).

The main map includes inset maps of the five main
cities in Ireland (Dublin, Cork, Limerick, Galway, and
Waterford), enabling a city-level analysis in Ireland.
The insets are not of a standardised scale due to the
varying city sizes. Attempts were made to standardise
the scale; however, it was not cartographically viable.
e.g. Dublin is a relatively large city, while the other
cities are smaller. The boxes provide an indication of
the city’s respective scales whilst scalebars are also
included in each of the inset maps to convey this
information.

2.4. Design

A map’s design is crucial as effective visualisation is
typically the first step to understanding a spatial
phenomenon (Li & Clarke, 2012). In developing the
map, we took into consideration several issues, start-
ing with the need to convey both the intercensal and
aggregate change over the 30-year period for different
categories of ED. We were particularly conscience of
the need for some users for a printed map that was
easy to produce, share and display. This led to the
choice of a choropleth map in A3 landscape format
with a scale of 1:1,750,000. The aggregate population
change between 1986 and 2016 forms the main
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section, whilst the intercensal maps arranged in tem-
poral sequence along the map’s left-hand side at a
scale of 1:7,000,000. The layout and design choice
for our map takes inspiration from the maps designed
by Zuniga et al. (2012) and (Parrefio-Castellano et al.,
2021). Our layout lends itself to an initial assessment
of overall change, a more detailed reading of intercen-
sal changes and their contribution to the aggregate
change, and finally, a consideration of change in Ire-
land’s main cities.

Many possible colour schemes can be used to rep-
resent population change. Simon and MikeSova
(2014) use a colour scheme with blue representing
population loss and red representing population
growth with various colours, shades, and hues in
between. Zuniga et al. (2012) use red, orange, yellow,
and green, with the scale ranging from dark red
(population gain) to dark green (population loss).
We do not use red-green gradient to avoid any poten-
tial colour-blindness issues which may hamper the
interpretation of colour encoded information (Geiss-
buehler & Lasser, 2013). Schiewe (2019) found evi-
dence to suggest a dark-is-more-bias when colours
are used in maps. Essentially, individuals tend to
assume a darker colour represents a higher number,
while lighter colours are thought to represent lower
numbers. To account for this tendency, we choose to
represent population growth in darker colours, while
we use lighter colours for population loss. A pastille,
magma colour hue is implemented. The ‘substantial
decrease’ category is represented by yellow, ‘decrease’
by a pastille orange hue, ‘no change’ is represented by
grey, whilst ‘increase’ and ‘substantial increase’ are
represented by purple and dark purple, respectively.

3. Results

The main map reflects the fact that the majority of EDs
experienced population growth between 1986 and
2016, with those proximal or accessible to larger
urban centres, generally experiencing increases. EDs
experiencing decreases over the period are more per-
ipherally located from Ireland’s major urban areas.
1022 EDs (30%) lost population between 1986 and
2016. The standardised classification of the level of
change across the intercensal maps and main map
allows for direct comparisons. EDs experiencing
population loss between 1986 and 2016 recorded per-
sistent shrinkage across the intercensal periods. The
map shows how population loss is largely associated
with EDs in the west and midlands of Ireland.

The intercensal maps offer valuable insight into the
dynamic nature of population trends in Ireland. The
1986-1991 intercensal map depicts widespread popu-
lation decline and captures the effects of the unprece-
dented recession that Ireland faced during the 1980s.
Ireland’s population decreased by 14,924 between

1986 and 1991 (CSO, 2020), while the estimated net
migration figure was —134,170 (CSO, 2020). 2211
EDs (approximately 65%) experienced population
loss during this period. The issue of population loss
persisted in many peripherally located EDs during
1991-1996, though, overall, there were less EDs
experiencing population decline, relative to the pre-
ceding census period. The challenge of population
loss persists in a set of EDs. These tend to be in
more rural regions with weak urban structures or lim-
ited accessibility to the major cities, i.e. Dublin, Cork,
Galway, Limerick, and Waterford. Overall, however,
our analysis highlights that compared to the previous
period, many EDs reversed their population loss
trends (Figure 1).

The 1996-2002 and 2002-2006 maps capture the
Celtic Tiger period in Ireland. During these two inter-
censal periods, Ireland saw a fall in the number of EDs
experiencing population loss. This period was charac-
terised by significant economic growth, increase in
employment opportunities and positive net migration,
particularly in the early 2000s (Fahey et al., 2007).
Much of this growth was concentrated in the cities
and the surrounding regions with resulting impacts
on population growth in these areas. Notwithstanding
the scale of economic expansion and associated popu-
lation growth, there were EDs that continued to lose
population throughout this period. Many EDs that
lost population had already previously lost population,
showing the issue of population shrinkage was persist-
ent in some parts of Ireland.

The 2006-2011 map captures a socio-economically
volatile period in recent Irish history: the tail end of
the Celtic Tiger, collapse of the banking system and
a subsequent recession. Despite the recession occur-
ring during this period, Ireland still experienced an
overall population increase between 2006 and 2011
(see Table 1), with positive net migration (see Table
2). The majority of EDs experienced population
increases, with population decreases occurring mainly
in the west and midlands.

The number of EDs which experienced population
loss increased during the 2011-2016 period with an
estimated national net migration of —24,669 (CSO,
2020). This reflected the impact of the recession in Ire-
land. Though the national population continued to
grow throughout this period, the rate of increase was
substantially reduced (see Table 1). Population decline
affected many EDs that had experienced growth during
the preceding 20 years. During this time, the unem-
ployment rate rose from 4.8% in 2007 to its peak of
15% in 2012 (CSO, 2017). Outward migration during
this period can be largely attributed to the recession
as people emigrated for employment opportunities.

The inset maps show many EDs within cities have
also experienced both shrinkage and population
increases. Dublin displays a ring pattern of population
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Figure 1. The spatiotemporal dimension of population change in Ireland: Visualisation of growth and shrinkage in Irish Electoral

Divisions (1986-2016).

decreases surrounding the city centre. In contrast,
many EDs, particularly in the very centre of Dublin,
have experienced substantial population increases.
Cork and Limerick also experienced both shrinkage
and population increases, with both substantial
decreases and increases experienced across some
EDs from 1986 to 2016. Galway and Waterford experi-
enced population decreases and substantial decreases
in their city centres with a general pattern of popu-
lation increases and substantial increases in the sur-
rounding areas (Table 2).

4, Discussion

This paper presented a process for visualising popu-
lation change using a spatially rectified dataset of
small area population statistics that facilitates the visu-
alisation of both long-run and intercensal changes.
The scope of this study concerned representation of
changes in the spatial distribution of the population
in Ireland over a period of 30 years, from 1986 to
2016. The map consists of two series (the full period
and the intercensal), which provide different temporal
perspectives using a consistent typology to represent
growth and shrinkage. Whilst the former areas are pri-
marily accessible to larger towns and urban centres,
the latter are predominantly located in areas that are
remote or inaccessible to these places. There are,

however, EDs within the cities experiencing shrinkage.
The series of intercensal maps show the impact of two
recessions (1986—1991 and 20062011 maps) and the
expansionary period of the ‘Celtic Tiger’ (1996
2002, and 2002-2006 maps). The maps demonstrate
the influence of economic crises on Ireland’s popu-
lation, illustrated by the extensive nature of population
change during the 1980s and 1990s (1986-1991 and
1991-1996 maps) and the 2011-2016 map. The com-
bination of the overall and intercensal change data
on a single map highlights the temporal dimension
of population change and how these processes play
out in different ways.

Future research is required in two areas, firstly to
establish whether the processes underpinning urban
and rural shrinkage are the same, or, if they differ, in
what way. The findings from such research will be
important to the design of policies targeting rural
and urban areas, and in identifying if very different
policy interventions are required across these spatial
types. The second area of research should examine
the changing distribution of specific groups or sub-
groups (i.e. age groups or gender). Any such work
should consider the spatial dimensions of the life
courses associated with younger and older cohorts to
understand changes in spatial relations and how
these affect population change over time. Potential
factors driving the changes, could include economic,
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Table 1. Components of population change — change in population since previous census (1986-2016).

Time period 1986-1991 1991-1996 1996-2002 2002-2006 2006-2011 2011-2016
Population change since last census —14,924 100,368 291,116 322,645 348,404 173,613
Source: CSO (2020).

Table 2. Components of population change — estimated net migration (1986-2016).

Time period 1986-1991 1991-1996 1996-2002 2002-2006 2006-2011 2011-2016
Net migration —134,170 8302 153,881 191,331 122,292 —24,669

Source: CSO (2020).

sociodemographic, or geographical factors. Empirical
work is required to understand the precise relation-
ship each factor has on population change, and the
extent of their contributions across Irish EDs.

Software

The maps were generated and realised in ArcGIS Pro
2.8.2.

Notes

1. This deviation was due to the foot-and-mouth disease
outbreak in 2001 and subsequent postponement of
the census for 12 months (see: https://www.cso.ie/
en/census/census2021postponementfaq/).

2. While the region’s title is Carlow Rural the region
itself is the area immediately surrounding Carlow
town and does not comprise the rural elements of
Co. Carlow.
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